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Abstract

The objective of this study was to investigate the association between food patterns and serum
vitamin D concentrations in US adults. Data from two cycles of National Health and Nutrition
Examination Surveys, 2003—2004 and 2005-2006 were used (n=6637). Three major food
patterns were derived using factor analysis. These three patterns were labeled as Meat and
Processed Meat Foods (MPF), Vegetable, Fruit, Nuts, and Whole grains (VFNW), and Sweet,
Snack, and Beverage pattern (SSB). Serum vitamin D was measured with Radioimmunoassay
and later standardized to reflect the assay changes over time. In multivariate-adjusted regression
analysis, the MPF pattern was significantly, inversely associated with serum vitamin D
concentrations (p<0.001). However, the relation between the VFNW pattern and serum vitamin
D was non-linear (p<0.001). There was no relationship between SSB pattern and serum vitamin
D in US adults. In conclusion, persons with a high intake of meat and processed meats are
associated with lower serum vitamin D concentrations. Reducing processed foods and
emphasizing vegetables, fruits, nuts, and whole grains will be beneficial from a public health

perspective.

Keywords: 25(0OH)D, serum 25-hydroxyvitamin D, dietary patterns, factor analysis, National
Health and Nutrition Examination Survey, NHANES, vitamin D
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Introduction:

An established function of vitamin D is to maintain bone health and homeostasis of
calcium and phosphorus [1]. Recent studies have suggested that vitamin D may play a protective
role against several infirmities such as metabolic syndrome [2], diabetes mellitus [3],
cardiovascular diseases [4], autoimmune diseases [5], depression [6], and cancer [7]. Although
vitamin D is synthesized endogenously when the dermis is exposed to the sun’s UV-B light, the
diet provides a major source of vitamin D [8], especially in the absence of exposure to sunlight.
The dietary sources of vitamin D include egg yolks, wild or irradiated mushrooms, oily fish such
as mackerel, tuna, and salmon, and fortified foods such as cereals, milk, yogurt, butter,
margarine, fruit juices, and tofu [9]. Measurement of vitamin D status is widely assessed using
the concentrations of serum 25-hydroxyvitamin D [25(OH)D]. Dietary or endogenously
synthesized vitamin D in the skin is converted to 25(OH)D in the liver. Circulating 25(OH)D is
considered the best marker because it reflects the dietary and endogenously synthesized vitamin
D and has a longer half-life (2-3 weeks). On the other hand, 1,25, dihydroxyvitamin D, an active
hormone form, cannot serve as a marker of vitamin D status because this form is strictly
controlled and has a much shorter half-life [10].

To date, there is no consensus regarding cutoff serum 25(OH)D concentrations for
vitamin D deficiency. Vitamin D deficiency has been defined as having serum vitamin D
concentrations from 25 nmol/L to 75 nmol/L [11-13]. The US Institute of Medicine (IOM)
defined deficiency, insufficiency, and sufficiency as having serum vitamin D concentrations <30
nmol/L, 30 to <50 nmol/L, and >50 nmol/L, respectively [14]. A concentration of >125 nmol/L
was associated with adverse health effects [15]. These IOM cut-off points are based on bone
health and calcium homeostasis. On the other hand, the Endocrine Society recommended serum
vitamin D concentrations of >75 nmol/L for optimal bone and non-bone health. [16].

Vitamin D deficiency has become a global nutritional health issue [17]. Worldwide,
about 1 billion people suffer from vitamin D deficiency [18]. In the U.S, 4.9% of the population
(=19.5 million) have been reported to have vitamin D deficiency [19]. Even in sunny areas like
the Middle East, the vitamin D deficiency is highly prevalent [20]. The majority of the nations do
not have mandated food fortification of vitamin D. However, several nations have some form of
voluntary fortification of dairy products. Despite these fortification efforts, the majority of the

populations do not meet the daily recommendations for vitamin D [21]. Although vitamin D
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supplementation has been suggested as a way of meeting the vitamin D requirements, there has
been an increased emphasis on meeting the nutrient requirements through the diet [22]. The
plausible reasons for global vitamin D deficiency are decreased outdoor physical activity due to
changed lifestyles leading to a decline in sunlight exposure [23] and increased use of sunblock
lotions [24]. In light of decreased exposure to sunlight, the diet becomes an important source of
vitamin D although dietary sources are limited. In fact, dietary recommendations for vitamin D
are based on the assumption that exposure to sunlight is minimum in the population [25].
Because people consume different foods rather than a single food or nutrient and in different
frequencies and quantities, the interest has grown to study the relationship between whole diet
and serum biomarkers. Many studies have addressed the relationship between the consumption

of certain foods and vitamin D such as dairy products [26]. Dietary patterns are a complex

system affected by many elements that can either have a synergetic or an antagonistic effect [27].

Limited studies have focused on the relationship between dietary patterns and vitamin D
concentrations. A study by Zupo et al [28] found a direct association between adherence to a
Mediterranean diet and vitamin D concentrations. A study on vegetarian diets in Pakistan found
that those who consumed a vegetarian diet had a higher vitamin D concentration compared to
those who consumed a non-vegetarian diet [29]. To our knowledge, no data are available on the
relationship of specific food patterns and serum vitamin D in US adults. Therefore, the aim of
this study was to investigate whether there was an association between serum 25(OH)D
concentrations and food patterns in US adults using the data from the nationally representative

sample surveys.

Methods
NHANES Description:
The National Center for Health Statistics (NCHS) and Centers for Disease Control and

Prevention (CDC) conduct large nationally representative sample surveys known as the National

Health and Nutrition Examination Survey (NHANES) on the noninstitutionalized US population.

A stratified, multistage, probability, sample survey design was used to collect a representative
sample of the US population of all ages. Households were randomly selected and all members
within the household were then selected based on age, sex, and race-ethnicity. To produce
reliable estimates, several sub-populations such as persons 60 years and older, low-income

persons, adolescents, Mexican Americans/Hispanics (MA/H), and non- Hispanic blacks (NHB)
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were oversampled. Since 1999, NHANESs have been conducted as annual surveys, and data are
released in 2-year cycles for public use. Data on demographic characteristics, diet, and health
were collected from personal interviews. Physical examinations and collection of blood and
urine samples were conducted in the Mobile Examination Centers (MEC). Detailed descriptions
of the survey design and methodologies are described elsewhere. The NCHS Ethics Review
Board approved all NHANES protocols before data collection. The ethical review board
approval codes for the NHANESs 2003-2004 and NHANES 2005-2006 were #98-12 and #2005-
06, respectively [30,31].

In this study, data from 2 cycles of NHANES 2003-2004 and NHANES 2005-2006 were
used. NHANES 2003-2004 was conducted between January 2003 and December 2004 on
12,761 participants (of which 9643 were examined in MECs). NHANES 2005-2006 was
conducted between January 2005 and December 2006 on 12,862 participants (9,950 were
examined MECs). NHANES 2003-2004 had a response rate of 79% and 76% for the
interviewed sample and the examined sample, respectively. NHANES 2005-2006 had a response
rate of 80.5% and 77.5% for the interviewed sample and the examined sample, respectively [32].
Detailed explanations of all procedures are available elsewhere [33,34].

Study sample

We combined the data from NHANES 2003-2004 and NHANES 2004-2005 into one
analytic data file. We used these 2 cycles because the food frequency questionnaire (FFQ) data
are available only in these 2 surveys. From the combined NAHNES 2003-2006 data, 10020
adults met the criteria for inclusion. Out of these, 1029 participants were excluded due to lack of
serum 25(OH)D concentrations. Further, due to a lack of food intake data, 2354 were excluded.
Thus, the final analytical sample contained 6637 adults (Figure 1).

Vitamin D measurement:

Blood samples were collected by venipuncture from participants in MEC according to
standard protocols. Serum 25(OH)D concentrations were analyzed at the National Center for
Environmental Health of CDC using the Diasorin Radioimmunoassay (Stillwater, MN) [35].
Ultra-high performance liquid chromatography-tandem mass spectrometry method was used for
later surveys beginning 2007-2008 [36,37]. In order to make the serum vitamin D data

compatible across the surveys, NCHS standardized vitamin D concentrations reported for
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previous surveys using regression models. Therefore, serum vitamin D concentrations that were
used in this study are assay standardized concentrations.
Food Intake Measurement:

A 151-item FFQ was used to collect the food intake data. The FFQ was developed, tested,
and validated by both the National Institutes of Health and the National Cancer Institute. The
FFQ was administered in both English and Spanish. A total of 6472 and 5549 participants took
part in the FFQ data collection in NHANES 2003-2004 and NHANES 2005-2006, respectively.
Retrospectively, the participants supplied what they consumed (frequency of food intakes)
during the past 12 months prior to the survey. Participants reported food intakes as “never, 1
time/month or less, 2 times/month or less, 1-2 times/week, 3-4 times/week, 5-6 times/week, 1
time/day, 2-3 times/day, 4-5 times/day, and 6 or more times/day”. This information was
collected as part of the household interview. The FFQ that was used in NHANES was qualitative
in nature and no portion sizes were collected. This qualitative food intake data were computed
into times/month with the conversion factors of 4.3weeks/month and 30.4 day/month. To assure
the accuracy and completeness of FFQ, manual verification, and quality control programs were
used. The detailed data collection procedures are available elsewhere [38].

All the foods reported in the FFQ were categorized into 30 food groups. These food
groups were low-fat dairy, high-fat dairy, dairy alternatives, meats, processed meats, fish and
seafood, eggs, poultry, both creamed and other soups, pizza, mixed food, whole grains, refined
grains, cereal, nuts, legumes, fruits, fruit juices, cruciferous, starchy, other vegetables, butter and
margarine, other fats, snacks and sweets, coffee/tea, alcohol, energy drinks depending on the
frequency of intake of these food groups, three different dietary patterns were appointed. The
grouping of foods was based on nutritive value and the culinary nature of foods. These food
groupings were based on the study publisher earlier [39].

Confounding variables

Variables that were known to affect the serum 25(OH)D concentrations were considered as
confounding variables. These were age, seX, race-ethnicity, BMI, leisure-time physical activity,
education, poverty income ratio (PIR), smoking, and alcohol consumption. Age, sex, and race-
ethnicity were self-reported by participants. BMI was measured using weight in kg divided by
height in m®. PIR was defined as total family income divided by the poverty threshold as defined

by the US Census Bureau [40]. Education was divided into <11 grade, high school/General
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Education Development, some college, and higher than college categories. Smokers were
categorized as current smokers, former smokers, and never smokers. Leisure-time physical
activity was converted into a metabolic equivalent task (MET). MET was categorized into mild
(<600 METs), moderate (600-1199 METs), and intense (>1200 METSs). Alcohol consumers were
categorized into non-drinkers, drinkers, and not reported.

Data analysis

Statistical analysis was performed using STATA software (general-purpose statistical
software package, Stata for Windows, version 16, Stata Corp LLC). We have accounted for
NHANES’s complex survey design and sample weights in the analysis. A detailed description of
the guidelines for data analysis was described elsewhere [41].

We utilized the FACTOR function in STATA, which used principal component analysis and
varimax rotation, an orthogonal rotation. VVarimax rotation was used to maximize the variance of
the factors. A factor solution was applied to the frequency of food consumption of 30 food
groups. This resulted in eigenvalues for 30 different food groups. Figure 1 shows the
Eigenvalues of 30 components or factors. The eigenvalues measure the amount of variation in
relation to the total variance. An Eigenvalue of 1.5 and a scree plot were used to determine the
number of factors to be extracted. Based upon this, the first three factors were selected and
retained. These factors were labeled based on data interpretation and were considered the major
dietary patterns. A factor loading score was given to each of the food groups to help divide them
into three different dietary patterns. The food groups were determined based on a factor loading
score >0.3, thus if a food group had a score higher than 0.3 it falls into a specific food pattern.
Food pattern scores were then stratified into quartiles. The association between dietary factor
scores and serum 25(OH)D concentrations was measured using a multivariate- regression
analysis. We built an unadjusted, adjusted for age, sex, and race-ethnicity, and multivariate-
adjusted regression models. A multivariate model was adjusted for age, sex, race-ethnicity,
education leisure-time physical activity, PIR, smoking, alcohol drinking, and BMI. This
association was reported as regression coefficients () and their 95% confidence intervals. In this
analysis, Quartile 1 was used as the referent category.

Additionally, we analyzed the association between food intake patterns scores (quartiles) and
vitamin D deficiency (serum vitamin D concentrations <30 nmol/L) with multivariate-adjusted

(adjusted for age, sex, race-ethnicity, education leisure-time physical activity, PIR, smoking,
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alcohol drinking, and BMI) logistic regression. Quartile 1 was used as the referent category, in
this analysis. This relationship was reported as OR and their 95% confidence intervals. Statistical

significance was set at p<0.05.

Results
Characteristics of the study sample by sex

Characteristics of the study sample by sex are presented in Table 1. The sample consisted
of 46% men (n= 3082) and 54% women (n= 3555). Of the 6637 participants, 56% were non-
Hispanic white (NHW) (n= 3691), 19% were NHB (n= 1259), 18% were MA/H (n=1245), and 6%
were of other ethnicities/races (n=442). 21% of our sample (n=1386) reported themselves as
current smokers. 26% of the participants had not completed high school education (n=1756). 60%
of men were smokers, while only 41% of women were smokers. Alcohol consumption was more
prevalent in men (67%) than in women (55%). More women consumed supplements than men
(62% vs 48%). BMI was significantly higher in women than in men (29 vs 28 kg/m?; p<0.001).
Description of food intake patterns

Three major dietary patterns were extracted based on the factor analysis from 30
predefined food groups (Table 2). Higher positive factor loading scores are considered to
contribute the most to the factor score, whereas higher negative factor loading scores are thought
to contribute the least. The first factor had a high factor loading scores for meats, processed
meats, poultry, starchy vegetables, pizza, mixed dishes, condiments, and energy drinks.
Therefore, the first factor was named the Meat and Processed Meat Food (MPF) pattern. On the
other hand, the second factor had a high factor loading score for cruciferous and green vegetables,
fruit, other vegetables, ole grains, tomatoes, nuts, cereals, low-fat dairy products, and fish and
other seafood. Hence, this factor was labeled as Vegetable-Fruits-Nuts-Whole Grain (VFNW)
pattern. The third factor had a factor loading scores for coffee, tea, sweets, and snacks, dairy
alternative, butter, and margarine, high-fat dairy, and eggs. Thus, this factor was named as Sweet,
Snack, and Beverage (SSB) pattern. The MPF pattern was the most dominant pattern based on
the scree plot (Figure 1). The MPF pattern explained the largest variance 29.1% and the SSB
pattern explained the least variance (5.8%). VFNW food pattern explained the variance of 6.7%.

Thus, the total variance explained by these 3 food patterns was 34.4%.

ssaid Ausssaun abpuquie) Ag auljuo paysiignd 20/ 100ZzZSLL£000S/L1L0L 0L/Bi0 10p//:sdy


https://doi.org/10.1017/S0007114522001702

Accepted manuscript

Characteristics of the study sample by food patterns

Characteristics of the study population by quartile food pattern scores are presented in
Table 3. For simplicity, we presented only data associated with extreme quartiles. Persons who
consumed high amounts of MPF tend to be younger while those who consumed VFNW and SSB
tend to be older. In the MPF pattern, the proportion of participants belonging to the NHB race-
ethnicity was highest in the 4™ quartile compared to the 1% quartile (27% vs. 12%, p<0.001).
Supplement consumption was lower in the MPF pattern 4™ quartile compared to the 1% quartile
(42% vs 69%, p<0.001). In the same food pattern, BMI was higher in the 4™ quartile compared
to the 1% quartile (p<0.001). Persons engaged in intense physical activity were higher in the
VFNW 4™ quartile compared to the 1% quartile pattern scores (46% vs. 33%, p<0.001). A higher
proportion of participants smoked in the 4™ quartile MPF pattern compared to the first quartile
(32% vs 13%, <0.001). Serum vitamin D concentration was significantly lower in the 4™ quartile
MPF pattern compared to the first quartile (p<0.001). While serum vitamin D was significantly
higher in the 4™ quartile of FVNW and SSB patterns compared to the 1% quartile (p<0.001)
Association between food intake patterns and serum 25(OH)D concentrations:

Relation between food pattern scores and serum vitamin D concentrations was presented
in Table 4. The serum vitamin D concentrations were significantly negatively associated with
serum vitamin D concentrations in MPF food pattern. in unadjusted (p<0.001), sex-, age-, and
race-ethnicity-adjusted (p<0.001), and multivariate-adjusted models (p<0.018). In the VFNW
food pattern, serum vitamin D concentrations were significantly associated only in unadjusted
(p<0.047) and sex-, age-, and race-ethnicity adjusted models (p<0.001) but not in multivariate-
adjusted model (p=0.08). Additionally, in the restricted cubic spline analysis, we observed a non-
linear relationship between VFNW and MPF food pattern scores and serum vitamin D
concentrations (p<0.001) (Figure 3).

Association between food intake patterns and vitamin D deficiency

The association between food pattern scores and vitamin D deficiency (<30 nmol/L) is
presented in Table 5. In the multivariate-adjusted logistic regression analysis, the MPF pattern
was significantly, directly associated (P=0.001) and the VFNW pattern was significantly,
inversely associated (P=0.001) with serum vitamin D deficiency. The likelihood of having
vitamin D deficiency in the 4™ quartile MPF patterns score was ~60% higher compared to those

in the 1% quartile pattern score (OR, 1.6 vs 1). While the likelihood of having vitamin D
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deficiency in the 4™ quartile VFN'W patterns score was ~55% lower compared to those in the 1
quartile pattern score (OR, 0.55 vs 1). There was no association between SSB food intake pattern
scores and vitamin D deficiency in US adults.
Discussion

To our knowledge, this is the first study that investigated the association between food intake
patterns and assay-adjusted, standardized serum vitamin D concentrations in US adults using the
nationally representative sample surveys. We derived three food intake patterns, i.e., MPF,
VENW, and SSB. Our results showed that high food intakes of MPF were inversely associated
with serum vitamin D concentrations in US adults. Additionally, the VFNW pattern was non-
linearly related to serum vitamin D, whereas there was no relationship between consumption of
SSB pattern and serum vitamin D concentrations in multivariable-adjusted analysis. Additionally,
the likelihood of having vitamin D deficiency was directly related to MPF food pattern scores.
The likelihood of having vitamin D deficiency was inversely related to VFNW food pattern
scores.

Food intake patterns derived in this study by and large are similar to the food patterns
derived in several studies. For example, using the NHANES data, Poti et al [42] derived Western
and Prudent food patterns. These patterns are similar to our MPF and VFNW patterns,
respectively. Using the Qatar Biobank data, recently, we reported three food intake patterns, i.e.,
traditional (high intakes of meat, poultry; similar to MPF) and prudent (high intakes of fruits and
vegetables; similar to VFNW), and sweet/snack patterns (high intakes of sweets and snacks;
similar to SSB) [43]. Utilizing the NHANES Il1 data, Ganji et al [44] reported two food intake
patterns, i.e., high-fat-low-vegetable pattern (similar to MPF pattern) and prudent pattern (similar
to VFNW). Lastly, a study from Iran has identified three food patterns, i.e., Western pattern
(similar to MPF), Prudent (similar to VFNW), and traditional pattern [45]. Depending on the
region, the food intake patterns slightly differed due to regional differences in the availability of
foods and food culture.

The MPF food pattern derived in this study is similar to the Western food pattern
reported in the literature [42-45]. This MPF pattern had a high factor loading for meats.
Although animal foods are the primary source of vitamin D, the amount of vitamin D is highly
variable depending on the source of the meat (beef, pork, or lamb) cut of the meat, season, and

feed composition [46]. Organ meats (liver and kidney) contain much more vitamin D than
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muscle food. Vitamin D and 25(OH)D, an active form, concentrations were 0.9 to 1.3 pg/kg and
2.7 to 5.8 pg/kg, respectively, in raw beef [47]. In raw pork, the vitamin D and 25(OH)D
concentrations were 0.8 to 4.2 pg/kg and 0.8 to 1.4 pg/kg, respectively. No vitamin D was found
in lamb and mutton by Kobayashi et al [48]. The vitamin D content in the muscle food is directly
related to the fat content of the muscle. Meat and meat products contributed to 30-35% of
vitamin D intake in 11 to 64 y old persons [49]. Persons who consumed higher amounts of meat
consumed higher amounts of vitamin D. For example, those who consumed >70 g/d of meat had
a ~30% higher intake of vitamin D compared to those who consumed <70 g/d of meat [50]. Thus,
persons who had a higher intake of vitamin D have higher calcium blood levels because it has
been well established that vitamin D maintains calcium homeostasis. Briefly, vitamin D
maintains calcium homeostasis by enhancing the absorption of calcium from the gut, stimulating
renal reabsorption of calcium in the distal tubule, and activating bone decalcification. [51]. In our
study, the MPF pattern diet included not only meats but also foods such as processed foods
starchy vegetables, mixed dishes, refined grains, energy drinks, pizza, creamed soups, poultry,
fruit juices, and condiments. Although meats that were consumed as part of the MPF pattern
supply some vitamin D, other food groups (as described above) are not good sources of vitamin
D. A study found a significant inverse relation between fast food consumption and serum
vitamin D concentrations [52]. Similarly, another study found that consumption of processed
foods was inversely associated with vitamin D content [53]. Overall, the relationship between
processed foods or fast foods and serum vitamin D concentrations is not well understood. It is
more likely that the negative association between MPF and serum vitamin D is primarily driven
by the processed foods that are part of the MPF food pattern.

In addition, in this study, persons who consumed high amounts of MPF (4™ quartile)
were more likely to be smokers, engaged in less physical activity, and consumed fewer
supplements. Smoking and a sedentary lifestyle are associated with lower vitamin D status [54,
55]. While supplement use was associated with higher vitamin D status [56]. Because the
recommended intake for vitamin D in US adults is 600 IU/day which is 15 pg/day [57], a level
that might be difficult to be provided entirely by diet, thus the intake of vitamin D supplements
might be beneficial. Also, persons in the 4™ quartile for MPF pattern scores had higher BMI
compared to those in the 1* quartile. Several studies showed that body adiposity is inversely

related to serum vitamin D [58, 59]. This is mainly due to the sequestration of vitamin D by the
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adipose tissue [60]. Also, the reduced bioavailability of vitamin D from the dermis and dietary
sources are other possible causes of low circulating vitamin D in persons who are overweight
and obese [61]. Thus, the negative relation between MPF and serum vitamin D can partly be
explained by high smoking rates, decreased physical activity, and increased adiposity.

In the multivariable regression analysis, the VFNW pattern had no relation with serum
vitamin D concentration although there was a trend (P<0.08). However, in the restricted cubic
spline analysis, we found a significant, non-linear relation between the VFNW pattern and serum
vitamin D. This relationship was invert ‘U’. The relationship between VFNW pattern scores and
serum vitamin D was positive until quartile 3 and then the relationship is negative. The VFNW
pattern largely resembles a vegetarian diet, although, the participants in the VFNW pattern were
not exclusively vegetarians but had higher loading scores for fruits, vegetables, nuts, and whole
grains. In a related study, Chan et al [62] reported no differences in serum vitamin D
concentrations in participants consuming vegetarian, partial vegetarian, and non-vegetarian foods.
It is not surprising that we did not find a linear relationship between the VFNW pattern and
serum vitamin D in our study sample because the foods that are part of the VFNW pattern are
poor sources of vitamin D. However, study participants in this pattern had high factor loading
scores for fish and sea food, and dairy products which are often fortified with vitamin D, which
can explain the positive trend between serum vitamin D and VFNW pattern scores. When it
comes to food items that are fortified with vitamin D, it is worth mentioning that fortification of
foods with vitamin D vary from one country to another. For instance, in the US and Sweden,
liquid milk is a good source of vitamin D because it is fortified with 1 u/100 g [63]. Recently,
Canada has permitted to increase the fortification level of vitamin D from 1 to 2 p/100 g of milk
[63]. The liquid milk in the UK is not is not fortified, thus it is not a good source of vitamin D
[64]. Given the various levels of fortification of foods across the globe, the association between
serum vitamin D and food patterns may vary from country to country.

A nationally representative survey with a large sample size of adults was one of the study's
strengths. We were able to adjust serum vitamin D concentrations for several known
confounding variables because data on demographic traits, dietary information, and other health-
related factors were available in NHANES. Because NHANES is based on a random sample
survey methodology and is representative of the US population, the findings in this study may be

applied to the US adult population at large. Cause and effect measurement is not feasible due to
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the cross-sectional nature of this study. Additionally, due to respondents' inability to recall
intakes precisely, food intakes of adults assessed using FFQ may be underreported. FFQ used in
this study was qualitative in nature. Hence, the quantification of nutrients is not possible. It has
been reported that the frequency of consumption of foods explained the most variance in food
intake and quantification of foods add very little to the variance of food intake [65].
Conclusion:

In conclusion, in a multivariate-adjusted analysis, serum vitamin D concentration was
inversely associated with the MPF pattern. A positive trend was observed between serum vitamin
D and the VFWN pattern. But there was no association of serum vitamin D with the SSB pattern.
From a public health perspective, the population should be encouraged to consume less
processed foods and to incorporate more healthy foods such as vegetables, fruits, nuts, whole
grains, and fish.
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Table 1. Sample characteristics by sex in the US National Health and Nutrition Examination

Survey (NHANES) 2003-2006 (n=6637)"2

Characteristic Men 3 Women ® p-value *
(n=3082) (n=3555)
Age, y 53+19 50+19 <0.001
Sex <0.001
Women, n (%) - 3555 (100)
Race-ethnicity 0.029
NHW, n (%) 1770 (57) 1921 (54)
NHB, n (%) 575 (19) 684 (19)
MAJ/H, n (%) 548 (18) 697 (20)
Other races, n (%) 189 (6) 253 (7)
Education 0.035
<11 grade, n (%) 835 (27) 921 (26)
High School/GED, n (%) 792 (26) 871 (25)
Some college, n (%) 804 (26) 1042 (29)
>College, n (%) 649 (21) 718 (20)
Smoking <0.001
Never, n (%) 1252 (41) 2,134 (60)
Former, n (%) 1055 (34) 808 (23)
Current smoker, n (%) 774 (25) 612 (17)
Alcohol drinking <0.001
No, n (%) 702 (23) 742 (21)
Yes, n (%) 2066 (67) 1942 (55)
Not reported, n (%) 314 (10) 871 (24)
Supplement use, n (%) 1479 (48) 2196 (62) <0.001
Body mass index (kg/m?) 28.4+6 29+7.2 <0.001
Physical activity, MET ° <0.001
<600, n (%) 1271 (41) 1787 (50)
600-1199, n (%) 469 (15) 584 (17)
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>1200, n (%) 1342 (44) 1,184 (33)
Poverty income ratio ° <0.001
<1.30, n (%) 706 (24) 958 (28)
1.3-3.5, n (%) 1169 (40) 1344 (40)
>3.5, n (%) 1062 (36) 1096 (32)
Serum vitamin D, nmol/L 58 (43-71) 57 (41-74) 0.09

! Data from two cycles of NHANES 2003-2004 and 2004-2005 were concatenated into one
analytic data file NHNAES 2003-2006. 5 persons did not report education, 2 persons did not
report smoking, and 2 persons did not report poverty income ratio. For simplicity, these
categories were not reported.

2 Abbreviations: NHW, non-Hispanic white; NHB, non-Hispanic black; MA/H, Mexican
American/Hispanic; GED, General Education Diploma; MET, metabolic equivalent task.

¥ Data are presented as mean + standard deviation or median (inter quartile range) for continuous
measures and n (%) for categorical measures.

* Significance between men and women. t-test was used for continuous variables and chi-squared
test was used for categorical variables.

> Leisure time physical activity. 1 MET = 1 kcal/kg/h

® Total family income divided by the poverty threshold as defined by the US Census Bureau
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Table 2: Factor loadings for food intake patterns in the US National Health and Nutrition
Examination Survey (NHANES) 2003-2006 (n=6637) *'2

Factor  Factor  Factor

Food group * 1 2 3
Meat 0.75 0.18 0.12
Processed Meat 0.68 0.14 0.16
Starchy vegetables 0.67 0.21 0.17
Mixed dishes 0.64 0.23 0.01
Refined grains 0.60 0.26 0.30
Energy drinks 0.57 -0.14 -0.04
Pizza 0.56 0.04 -0.06
Creamed soup 0.47 0.16 0.16
Poultry 0.44 0.41 -0.03
Fruit juices 0.36 0.34 -0.12
Condiments 0.31 0.23 0.28
Alcohol 0.17 -0.06  <0.01
Cruciferous and green

Vegetables 0.09 0.77 <0.01

Other vegetables 0.27 0.72 0.15
Fruit 0.21 0.70 -0.03
Whole grains 0.06 0.47 0.11
Tomatoes 0.20 0.46 0.12
Fish and other seafood 0.39 0.43 -0.06
Nuts 0.08 0.43 0.24
Cereal 0.02 0.42 0.10
Other fats 0.21 0.41 0.32
Other soup 0.20 0.40 0.09
Low-fat dairy -0.09 0.32 0.18
Legumes -0.04 0.29 -0.03

Coffee/Tea -0.01 0.03 0.70
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Sweets and Snacks 0.28 0.07 0.67
Dairy alternative -0.01 -0.06 0.53
Butter and Margarine 0.27 0.09 0.50
High-fat dairy 0.30 0.11 0.42
Eggs 0.17 0.18 0.33

! Data from two cycles of NHANES 2003-2004 and 2004-2005 were concatenated into one
analytic data file NHNAES 2003-2006

2 Factor analysis was used to extract 3 principle factors. Based on factor loadings and
interpretability, factor 1 was labeled as Meat and Processed Meat Foods, Vegetables, Fruits, Nuts,
and Whole Grains, and Snacks, Sweets, and Beverage food patterns

¥ Food groupings were based on food intakes collected using a 216-item food frequency
questionnaire in NHANES 2003-2006.
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Table 3: Subject characteristics by food intake patterns in the US National Health and Nutrition Examination Survey (NHANES), 2003-2206
(n=6637) -2

P- VENW? P- ssB? P-value®
MPF? value Q1 Q4 value Q1 Q4
Ql Q4 4 4
(n=1660) (n=1659) (n=1660) (n=1659) (n=1660 (n=1659)
)

Age, y 58+18  45+18 ;O'OO 46+18 55+19 :O'OO 43418 57417 <0.001
Sox ;o.oo 0,001 0.047
Women, n (%) 1034 (62) 764 (46) 745 (45) 1001 (60) 808 (54) 843 (51)
Race-ethnicity ;O'OO ;O'OO <0.001
NHW, n (%) 973 (59) 847 (51) 926 (56) 865 (52) 663 (40) 1097 (66)
NHB, n (%) 199 (12) 454 (27) 430 (26) 246 (15) 507 (31) 207 (13)
MAVH, n (%) 349 (21) 250 (15) 219 (13) 404 (24) 374 (22) 265 (16)
Other races, n (%) 139(8)  108(7) 85 (5) 144 (9) 116 (7) 90 (5)
Education ;O'OO ;O'OO <0.001
<11 grade, n (%) 392 (24) 510 (31) 463 (28) 434 (26) 497 (30) 461 (28)
n'?;/i’)h SChoollGED, o7/ 23) 468 (28) 511 (31) 329 (20) 300 (23) 444 (27)
(O/So‘)’me college, n 470 (28) 466 (28) 490 (29) 454 (27) 441 (27) 486 (29)

>College, n (%) 422 (25) 214 (13) 195 (12) 438 (27) 331 (20) 267 (16)
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Smoking

Never, n (%)

Former, n (%)
Current smoker, n
(%)

Alcohol drinking

No, n (%)

Yes, n (%)

Not reported, n
(%)
Supplement use, n
(%)
Body mass index,
kg/m2
Physical activity,
MET °

<600, n (%)

600-1199, n (%)

>1200, n (%)
Poverty income ratio
6

<1.30, n (%)

1.3-3.5, n (%)

>3.5,n (%)
Serum vitamin D,

878 (53)
572 (34)
209 (13)

398 (24)
963 (58)

299 (18)
1139 (69)

27.8+5.9

706 (42)
257 (16)
697 (42)

340 (21)
674 (43)
570 (36)

62 (47-76)

746 (45)
376 (23)
537 (32)

356 (21)
1009 (61)

294 (18)
693 (42)

29.4+7

801 (48)
246 (15)
612 (37)

567 (36)
580 (37)
427 (27)
53 (38-69)

Accepted manuscript

<0.00

0.28

<0.00

<0.00

0.003

<0.00

<0.00

695 (42)
375 (23)
589 (35)

352 (21)
1074 (65)

234 (14)
703 (42)

29.1+7.3

850 (51)
258 (16)
552 (33)

471 (30)
633 (40)
476 (30)
54 (38-70)

961 (58)
522 (31)
175 (11)

376 (24)
908 (55)

375 (22)
1074 (65)

28.2+6.2

650 (39)
255 (15)
754 (46)

420 (26)
634 (40)
535 (34)
59 (46-73)

<0.00

<0.00

<0.00

<0.00

<0.00

<0.00

<0.00

1000
(60)
349 (21)

311 (19)

295 (18)
994 (60)

371 (22)
784 (47)

29.4+7.6

778 (47)
251 (15)
631 (38)

486 (31)
628 (40)
463 (29)
53 (38-

<0.001

646 (39)
536 (32)
476 (29)

444 (27)
972 (59)

243 (14)
976 (59)

28.516.1

770 (47)
268 (16)
621 (37)

421 (27)
650 (41)
512 (32)
59 (45-74)

<0.001

<0.001

<0.001

0.61

<0.001

<0.001
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nmol/L 1 1 69)

! Data from two cycles of NHANES 2003-2004 and 2004-2005 were concatenated into one analytic data file NHNAES 2003-2006
2 Abbreviations: MPF, meat and processed food; VFNW, vegetables, fruits, nuts, and whole grain; SSB, sweet, snack, and beverage; NHW,
non-Hispanic white; NHB, non-Hispanic black; MA/H, Mexican American/Hispanic; GED, General Education Diploma; MET, metabolic

equivalent task.

¥ Data are presented as mean * standard deviation or median (inter quartile range) for continuous measures and n (%) for categorical measures.

For simplicity, characteristics are presented only for food pattern scores of quartile 1 and 4.

* Significance in ANOVA for continuous variables and chi-squared test for categorical variables.
> Leisure time physical activity. 1 MET = 1 kcal/kg/h

® Total family income divided by the poverty threshold as defined by the US Census Bureau
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Table 4: Association between food intake patterns and serum vitamin D concentrations in US
adults: National Health and Nutrition Examination Survey (NHANES), 2003-2006 (n=6637) *'2

Food intake pattern score quartiles (p and 95%CI)*>* P-value °
Q1° Q2 Q3 Q4
MPF pattern
Unadjusted 0 -3.2(-55,-1) -4.7 (-7, -2.5)' -5.6 (-8.4, - 0.001
2.8)’
Age, sex,
and 0 -3.3(54,-1.2) 5.2 (-7.5, - -5.7 (-8.5, - 0.001
race- 2.9)’ 2.8)’
adjusted
Multivariate- 0 -2.8 (-5, -0.6)’ -3.6 (-5.9, - -3.7 (-6.5, - 0.018
adjusted ® 1.2)’ 0.8)’
VFENW
Pattern 0 0.3(1822) 3.4 (1,5.8) 1.4 (-1,-3.7) 0.047
Unadjusted
Age, sex,
and 0  05(-1.4, 24) 4.0 (1.4, 6.9) 2.9(0.7,5.1) 0.001
race-
adjusted
Multivariate- 0 0.4 (-1.6, 2.4) 3.3(0.7,5.9) 1.3 (-1, 3.6) 0.08
adjusted ®
SSB Pattern
Unadjusted 0 3(0.7,5.3) 3(0.7,5.3) 3.1(0.9, 5.4) 0.18
Age, sex,
and 0 1.1(1.1, 3.3) 0.8 (-1.4, 2.9) 0.8 (-1.4, 2.9) 0.92
race-

adjusted
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Multivariate- 0 0.8 (-1.5, 3.2) 0.6 (-1.6, 2.8) 0.8 (-1.3, 2.8) 0.8

adjusted ®

! Data from NHANES 2003-2004 and 2005-2006 were concatenated into one analytic file,
NHANES 2003-2006.

2 Abbreviations: MPF, meat and processed food pattern; VFNW, vegetables, fruits, nuts, and
whole grain pattern; and SSB, sweets, snacks, and beverage pattern

% Food intake pattern scores were stratified in to four quartiles

* Significance for the association between food intake pattern scores and serum vitamin D
concentrations in regression analysis.

> Referent category

®Significantly different from quartile one

" Model was adjusted for age, sex, race-ethnicity, poverty income ratio, physical activity,

smoking, education, alcohol drinking, and body mass index.

ssaid Ausssaun abpuquie) Ag auljuo paysiignd 20/ 100ZzZSLL£000S/L1L0L 0L/Bi0 10p//:sdy


https://doi.org/10.1017/S0007114522001702

Accepted manuscript

Table 5: Association between food intake pattern scores and vitamin D deficiency (<30 nmol/L)
in US adults: National Health and Nutrition Examination Surveys (NHANES), 2003-2006
(n=6637)*

Quartile food pattern scores (OR and 95% CI)? P-value®
Food pattern® Q1° Q2 Q3 Q4
MPF 1 0.9(059,1.4)  1.1(0.77,1.6) 16(L02 254)°  0.001
VENW 1 0.7(0.49 099°  0.53(0.38, 0.55 (0.38, 0.001
0.74)° 0.79)°
SSB 1 09(0.66, 1.2) 0.65 (0.46,

0.94) 0.81(056,1.2)  0.11

! Data from NHANES 2003-2004 and 2005-2006 were concatenated into one analytic file,
NHANES 2003-2006.

2 Food intake pattern scores were stratified in to four quartiles.

® Significance for the association between food intake pattern scores and vitamin D deficiency in
multivariate logistic regression analysis. Model was adjusted for age, sex, race-ethnicity, poverty
income ratio, physical activity, smoking, education, alcohol drinking, and body mass index.

* Abbreviations: MPF, meat and processed food pattern; VFNW, vegetables, fruits, nuts, and
whole grain pattern; and SSB, sweets, snacks, and beverage pattern.

> Referent category.

® Significantly different from referent category.
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National Health and Nutrition
Examination Survey 2003 — 2004
and 2005 — 2006 for adults.

(n=10,020)
Ineligible due to the lack of 25-
| hydroxyvitamin D concentrations
v (n=1,575)
Subjects selected with available
serum 25-hydroxyvitamin D

v

concentrations
(n=28,991)
Ineligible due to the lack of food
| > frequency data
v (n=2,572)

Final eligible sample size: adults
with all study variables
(n=6,637)

Figure 1: Study sample derivation: National Health Nutrition Examination Surveys (NHANES),
2003-2006. Data from NHANES 2003-2004 and 2005-2006 were concatenated into one analytic
file, NHANES 2003-2006.
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Figure 2: Scree plot of Eigenvalues which is based on the frquency of intake of 30 food groupss
from the National Health and Nutrition Examination Surveys, 2003-2006 (n=6637). Two cycles
of NHANES 2003-2004 and 2005-2006 were concetenated into one analytic file. Factor
components are on X axis and their coresponding Eigenvalues are on Y axis. Scree plot was used
to deterimine the number of factors to be extracted. Based on the plot, only first three factors

were retained in the factor analysis.
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Figure 3: Non-linear association between food intake pattern scores and serum vitamin D
concentrations in US adults: National Health and Nutrition Examination Surveys 2003-2006
(n=6637). Data from NHANES 2003-2004 and 2005-2006 were concatenated into one analytic
file, NHANES 2003-2006. Analysis was adjusted for age, sex, race-ethnicity, poverty income
ratio, education, physical activity, smoking, alcohol consumption, and body mass index. A
restricted cubic spline procedure with three knots placed at 10™, 50", and 90" percentiles was
used to analyze the non-linear association between food pattern scores and serum vitamin D
concentrations. MPF (A) and VFNW (B) intake patterns are significantly non-linearly related to
serum vitamin D concentrations. No relation between SSB intake pattern scores and serum
vitamin D concentrations (C). Abbreviations: MPF, Meat and Processed meat Food, VFNW,
Vegetable, Fruit, Nuts, and Whole grain; SSB, Sweet, Snack, and Beverage.
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