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Abstract

Objectives: Dental caries experience, which affects 91% of US adults, is a conse-
quence of a carious process influenced by diet. Although individual foods have been
implicated, we hypothesized that dietary patterns might be important predictors of
caries presence.

Methods: We analysed data from 4467 people 218 years old participating in the
2013-2014 National Health and Nutrition Examination Survey, a nationally rep-
resentative sample of the US population. Data from 24-hour dietary recalls were
classified into standard food categories and reduced to three dietary patterns using
principal components (PCs) analysis. We used regression to model the log-trans-
formed decayed, missing and filled teeth (DMFT) score and the prevalence of any
caries experience by quartiles of PC scores, controlling for potential confounders.
Dietary patterns differed by age with respect to dental caries so 18-30-year-olds
(n = 1074) and >30-year-olds (n = 3393) were analysed separately.

Results: Similar dietary patterns existed among individuals aged 18-30 and >30 years,
but the prevalence of DMFT score >0 and the median of DMFT was greater in those
>30:78.7% (95% Cl: 76.1, 81.3) vs 92.6% (95% Cl: 91.4, 93.7) and 4 (95% Cl: 4, 5)
vs 12 DMFT (95% Cl: 11, 13), respectively. In those 18-30, no dietary pattern was
associated with greater prevalence or severity of dental caries experience. Among
those >30, the prevalence of DMFT>0 was higher by 2% for those in each subsequent
quartile of a diet high in sugar-sweetened beverages and sandwiches (adjusted PR:
1.02, 95% Cl: 1.001, 1.03)—thus, the prevalence of dental caries experience was 6%
higher among those in the uppermost quartile than in the lowest quartile. For every
subsequent quartile in the same pattern, there was a 1.98% higher (95% Cl: 0.15,
3.85) DMFT score. However, analysis using the two strongest loading food groups
from any of the PCs did not identify any predictors of caries experience.
Conclusions: Dietary patterns were associated with the prevalence of dental caries
experience, with differing findings by age. Although effect sizes were small, the pop-
ulation impact may be substantial. While food groups high in sugar were associated

with caries prevalence and severity, associations were more apparent in the context
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1 | INTRODUCTION

In 2011, 91% of American adults aged 20-64 experienced dental
caries.! Untreated dental decay adversely affects quality of life, so-
cial relations and health.?® Further, direct oral healthcare expendi-
tures in the United States are significant, exceeding $105 billion.*
Coronal caries forms throughout the lifespan>® and is the primary
cause of tooth loss in older adults, accounting for most of older
adults’ oral health expenditures.® Therefore, prevention of dental
caries throughout life is important.

Teeth are constantly demineralized and remineralized; when
demineralization outpaces remineralization, caries results.”®
Demineralization occurs when acidogenic bacterial species feed
on dietary carbohydrates and produce weak organic acids’”?; thus,
a cariogenic diet is an important risk factor.? Sugar is considered
a cariogenic dietary component, and a robust literature has linked
sugar consumption with dental caries.’®2 |n a longitudinal study
of 533 American men, the frequency of sugar-sweetened bever-
age consumption was positively associated with root caries incre-

ment!?

; similarly, a longitudinal study of 939 Finnish adults found
a positive association between the frequency of sugar-sweetened
beverages and the net increment of decayed, missing and filled
teeth (DMFT) over a 4-year study period.12 Nonetheless, some
contrasting findings exist. For example, a study of 3212 Danish
adults found no association between sugar consumption and root
caries.’® Discrepancies between studies may be attributable to
differences in exposure measurement—for example measuring
frequency of sugar consumption as opposed to amount of sugar
consumed—or to variability in fluoride exposure. A study of 1702
Finnish adults found associations between DMFT and the amount
(but not frequency) of sugar consumed.'* The same study found
controlling for the use of fluoridated toothpaste reduced the
strength of the association between amount of sugar consumed
and DMFT.*

In contrast to sugary foods, dairy products may decrease car-
ies risk.2*>1 Dairy products contain calcium, which may encour-
age enamel remineralization.'®> Two longitudinal studies, among
600 Japanese'” and 432 Danish'® adults, respectively, found an
inverse association between milk and caries incidence. Yet, in an
analysis of 31 571 Swedish adults whose diet information was
collected 0-5 years prior to a dental examination, mean decayed,
missing and filled surface (DMFS) scores were higher among those
with more frequent milk consumption. Among these individuals,
higher frequency of milk consumption was associated with higher

frequency of sweet snack consumption, leading the authors to

of overall diet. Prospective studies are needed to confirm whether particular dietary

patterns are causally related to the development of dental caries.

cariogenic agent, dental decay, diet, dietary sugars, NHANES

postulate that the protective effects of milk may be modulated by
patterns of consumption of other food groups.’’ This highlights
the need to understand the possible antagonisms and synergies
in cariogenic potential which may arise when foods are eaten in
combination.?20-24

Although certain foods are often consumed together, only a
few studies have examined the association of dietary patterns
with caries experience, and the findings are inconsistent. We
found two studies of the association of dietary patterns with car-
ies experience in adults. One, a longitudinal study in male veter-
ans aged 47-90, found that individuals with better adherence to
a high-quality anti-hypertensive diet experienced lower root car-
ies increments than those with poor adherence.'* However, in a
Detroit cross-sectional study of 1021 low-income adults, patterns
of liquid (excluding soft drinks) and food consumption derived
from factor analysis were not associated with caries after adjust-
ment for age, education, income, frequency of tooth brushing and
gingival plaque score and soft drink consumption, but soft drink
consumption was associated with dental caries.?* In response to
the paucity of studies examining dietary patterns in relation to
dental caries in adults, we investigated associations of dietary pat-
terns with dental caries experience within the 2013-2014 National
Health and Nutrition Examination Survey, a nationally representa-
tive survey of the United States. A secondary aim was to examine
the associations between dental caries experience and individual

foods found within the dietary patterns.

2 | METHODS
2.1 | Study population

We analysed data from the 2013-2014 National Health and Nutrition
Examination Survey (NHANES).25 NHANES uses a complex, multi-
stage survey design to sample from the noninstitutionalized, civilian
population of the United States of America. NHANES Il collected
demographic and 24-hour dietary recall data and conducted dental
health examinations.?® We included all participants 18 years of age
and older with complete dental examinations and two 24-hour di-
etary recalls. NHANES top-codes all individuals over 80-80 years of
age to protect individuals’ privacy. Edentulous individuals, defined
as those with all teeth marked ‘Tooth not present’ in the dental ex-
amination, were excluded. NHANES data are public use; thus, the
University of Michigan institutional review board deems this work

exempt from human subjects’ regulations.
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2.2 | Exposure data

The first of two dietary interviews were conducted in person at the
time of the health examination by a trained interviewer using the
Automated Multiple-Pass Method, a computer-assisted dietary in-
terview software developed by the United States Department of
Agriculture (USDA).?’ Visual media were provided to respondents to
assist in quantifying the amount of foods and beverages consumed.
For each food/beverage, the respondent reported the day of the
week of intake, whether the food/beverage was eaten in combina-
tion with other foods, the time and name of the eating occasion,
where the item was obtained, whether the item was eaten at home,
and the amount consumed. The second 24-hour recall interview was
conducted by telephone 3-10 days after the first. The USDA Food
and Nutrient Database for Dietary Studies (USDA FNDDS) was used
to calculate respondents’ intakes of energy, macronutrients, and 60
additional micronutrients and dietary components.?® NHANES di-
etary survey weights take into account the day of the week used for
reporting. The survey weights calculated based on individuals who
completed both days of recall were used in the principal component
analysis (PCA) and all subsequent statistical analysis.

A sensitivity analysis included all individuals who completed at
least 1 day of dietary recall (Figure S1; Appendix S2). In the sensitiv-
ity analysis, dietary weights based upon only the first day of recall
were used.

We collapsed the individual food items from the 24-hour recall
into 153 mutually exclusive ‘What We Eat in America’ (WWEIA) food
categories developed for the dietary portion of NHANES by the
United States Department of Agriculture.?® These food categories
were further collapsed into 48 broader food groups based on simi-
larities in nutritional composition and usage (Table S2). These food
groups were generally coherent with respect to the cariogenicity of
the included food categories, with the exception of cereals, for which
both ‘high-sugar’ and ‘low-sugar’ cereals were grouped in the ‘Ready
to eat cereals’ food group. However, a sensitivity analysis in which
high- and low-sugar cereals were not collapsed into the broader food
group showed that the overall findings were unaltered when using
the combined ‘Ready to eat cereals’ food group (Appendix S4). For
each food group, the grams consumed over all days of recall were
summed and taken as a percentage of total grams consumed over

the total period of recall (gram percentages).

2.3 | Identification of dietary patterns

Gram percentages were centred, scaled to unit variance and used in a
PCA to identify linear combinations of food groups which explained
the greatest variance, that is dietary patterns. If no individual within
the age group reported consumption of a food group, that group was
not used in the PCA. This led to the exclusion of two food groups
(human milk and infant formulas) for both the 18-30-year-olds and
over-30-year-olds. The resulting factors were rotated orthogonally

for interpretability. Initial analyses revealed important differences in
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dietary patterns by age; accordingly, PCA and all subsequent statisti-
cal analyses were performed separately by age group. The number
of principal components (PCs) retained was based on eigenvalues >1,
inspection of the scree plot (Figure S2) and interpretability. Loadings
of food category variables >|0.25| were used to characterize PCs
as dietary patterns. PC scores were categorized into quartiles and,
after examining linearity, used as ordinal predictors in the statistical
models.

2.4 | Outcome data

Data from the examination by licensed dentists were compiled into a
decayed, missing and filled tooth (DMFT) count. We analysed DMFT
scores as a dichotomous variable for the presence of any DMFT
(DMFT > 0 vs DMFT = 0) to assess the prevalence of DMFT and
as a log-transformed continuous variable after excluding those with
DMEFT = 0 to assess severity of DMFT.

2.5 | Additional covariates

Potential confounders were identified based upon the prior lit-
erature. Summed kilocalorie counts were averaged over available
days of dietary recall to create a mean daily energy intake variable
which was used to account for confounding by energy consump-
tion. Breakfast consumption and frequency of snack consumption
were also examined as potential confounders. Counts of different
independent eating occasions identified in Spanish or English as
breakfast were averaged across days of recall to create an average
breakfast consumption frequency variable. Counts of different inde-
pendent eating occasions identified as snacks in Spanish or English
were averaged over available days of recall to create an average
snack frequency per day variable (Table S1). The average breakfast
and snack variables take into account separate occasions of eating
regardless of the number of food items consumed at each occasion.
Body mass index (BMI) was calculated by NHANES, using weight in
kilograms divided by height in metres squared (kg/m?), rounded to
one decimal place. Gender, age, head of household education level
and ratio of family income to poverty level were included in the de-
mographic survey portion. For this analysis, the household head's
education level was dichotomized into high school education or less
and >high school education.

2.6 | Statistical modelling

To investigate dietary patterns’ associations with DMFT prevalence,

we used a modified Poisson approach.?’

The modified Poisson ap-
proach allowed us to estimate the prevalence ratio and is better
suited for nonrare outcomes. To investigate dietary patterns’ as-
sociations with greater severity of DMFT among those with DMFT

score > 0, we fit a linear regression predicting log-transformed
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DMFT score. Convergence issues when including the continuous
parameterization of the average energy consumption variable pro-
hibited the use of a negative binomial model (which allows the in-
clusion of participants with DMFT = 0). A sensitivity analysis using
an alternative parameterization of the average energy consumption
variable as a dichotomous variable in a negative binomial model is
included in the Appendix S5.

As a post hoc test, the average number of snacks and average
report of breakfast consumption per day were included in the mod-
els to see whether these variables explained observed associations
between dietary patterns and dental outcomes.

To investigate whether highly loading foods explained asso-
ciations with dietary patterns, we fit the same models using gram
percentages of the top two loading food groups from each PC as
predictors in place of the quartile-ranked PC scores, including all
previously described covariates.

We descriptively investigated associations of combinations of di-
etary patterns with dental decay. We dichotomized PC scores using
the medians within each age group (‘high’ vs ‘low’) and looked at all

possible combinations of the resulting variables. This resulted in
eight combinations of high and low for the three PCs. We visually in-
spected the distribution of DMFT within each combination and age
group using violin plots with captive boxplots.

Principal component analysis and subsequent statistical
models were performed in R, with complex sampling design ac-
counted for using the svyprcomp and svyglm functions in the
SRVY package.®°

3 | RESULTS

After applying inclusion and exclusion criteria, 5043 individuals
were eligible, of whom 4467 completed both days of recall and were
eligible for the main analysis. Of these, 1074 were aged 18-30 years
and 3393 were aged over 30 years (Figure S1). Table 1 compares
the distribution of sociodemographic and dietary variables between
those with (DMFT > 0) and without (DMFT = 0) any caries experi-
ence within each of the age groups.

TABLE 1 Associations between sociodemographic characteristics and number of decayed missing and filled teeth (DMFT)

18-30y of age
n=1074

31-80 & over years of age®

DMFT score =0

>0 DMFT score

% (95% Cl) % (95% Cl)
Per cent of sample 21.3(18.7,23.9) 78.7 (76.1, 81.3)
Age®P
18-24y 73.3(65.6, 81) 53.8(48.5,59.1)
25-30y 26.7 (19, 34.4) 46.2 (40.9,51.5)
31-60y NA NA
Over 60y NA NA
Gender
Male 53.4 (43.4,63.4) 48.2 (44,52.3)

Head of household education
Greater than High school 63(51.9,74.2)
Ratio of family income to povertyb'c
In poverty 20.9 (13.2, 28.6)
Average daily energy consumption®

Equal or over 2000 kcal 55.1(47.1, 63.0)

BM[¢
Normal 45.3(35.3, 55.3) 39.3(34.3, 44.4)
Overweight 23.5(16.0, 31.1) 28.9(25.0,32.7)

Obese (Class 1-3) 28.5(21.0, 36.0)

60.5(56.5, 64.5)

25.1(19.5, 30.8)

53.5(46.6, 60.5)

28.8(24.9,32.8)

n=3393
DMFT score =0 >0 DMFT score
P % (95% Cl) % (95% Cl) P
7.4 (6.3, 8.6) 92.6(91.4,93.7)
<.01 NA NA <.01
NA NA
81.0(75.5, 86.5) 70.0(67.9,72.2)
19.0 (13.5, 24.5) 30.0(27.8, 32.1)
.39 41.4 (35.5, 47.3) 47.9 (45.1, 50.6) .08
.66 52.1(42.0, 62.2) 66.7 (62.0,71.3) <.01
.26 14.7 (9.8, 19.6) 11.7 (8.4, 15.0) .25
74 49.7 (40.9, 58.4) 47.6 (44.6, 50.7) .62
.52 24.1(16.3, 32.0) 25.2(22.7,27.8) 74
36.1(29.6,42.6) 33.7(30.9, 36.6)
39.3(32.6,46.0) 40(36.3,43.7)

Note: Individuals 18 and over in the National Health and Nutrition Examination Survey (NHANES) 111 2013-2014.

Results weighted to represent the United States.
aNHANES participants over 80 y of age are top-coded at 80 y of age.

bVariables thus marked are categorized for display purposes in this table only and were parameterized as continuous variables in multivariable

models.

°A ratio of family income to poverty <1 indicates a family that is living in poverty.?®

9Body mass index (BMI) categories based on Center for Disease Control BMI categories for adults: underweight: <18.5, normal: 18.5-24.9,
overweight: 25-29.9, obese: 230. Categories not adjusted for adolescents; adult categories used throughout.
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As expected, individuals with any caries experience tended to be
older. Over-30-year-olds had higher median counts of DMFT (median
[95% Cl]: 12 [11, 13]) than 18-30-year-olds (median [95% Cl]: 4 [4, 5]).
The number of filled teeth was the largest contributor to the DMFT
score in both age groups (mean filled tooth count [95% Cl] age 18-30:
3.75 [3.37, 4.13], age >30: 8.97 [8.5, 9.45]). Over-30-year-olds had
higher mean counts of missing teeth (1.92[1.72,2.12]) than 18-30-year-
olds (0.28[0.15, 0.42]) and slightly lower mean counts of decayed teeth
(1.17 [0.97, 1.37]) than 18-30-year-olds (1.19 [0.93, 1.45]).

Over-30-year-olds had higher median ratios of family income to
poverty level than those 30 or younger (median ratio of family in-
come to poverty [95% CI] 18-30: 1.9 [1.6, 2.3] vs >30: 3.3 [2.9, 3.8]).
In both age groups, median count of DMFT was slightly higher among
those living in poverty (ratio of family income to poverty < 1). Among
18-30-year-olds, the median DMFT of those in poverty was 5 (4, 7) as
compared to median DMFT of 4 (3, 5) for those not in poverty. Among
those aged over 30 years, those in poverty had a median DMFT of 13
(12, 14) while those not in poverty had a median DMFT of 12 (11, 13).
Similarly, those with a high school education or less had slightly higher
median DMFT counts than those with more than a high school edu-
cation (18-30: <high school 5 [3, 6] vs >high school 4 [3, 5]; >30: <high
school 13 [12, 14] vs >high school 12 [11, 13]). Lower socioeconomic

TABLE 2 Characterization of principal
components: food group variables with
loadings >|0.25| from principal component

analysis on by age group Dietary pattern

‘Diet high in breads
& fats’

‘Diet high in
sugar-sweetened
beverages &
sandwiches’

‘Diet high in milk &
cereal’

[DENTISTRY ax0
(ORALPIDEMIOLOGY

status individuals had more decayed and missing but fewer filled teeth
than higher socioeconomic status individuals. (Tables S5 and S6).

Over-30-year-olds had higher median BMIs on average (median
BMI [95% Cl]: 28.2 [27.9, 28.6]) than 18-30-year-olds (median BMI
[95% Cl]: 26.1 [25.1, 26.9]) but reported lower mean energy consump-
tion in kcal (mean kcal [95% Cl]: 2050 [2002, 2098]) than the younger
age group (mean kcal [95% Cl] 2225 [2128, 2322]). The mean energy
consumption (kcal) did not significantly differ between those with
DMFT > 0 vs DMFT = 0 in either age group (18-30: DMFT > 0:2239,
95% Cl: 2125, 2354 vs DMFT = 0:2171, 95% CI: 2004, 2338; >30:
DMFT > 0 DMFT: 2047.99, 95% Cl: 1997, 2099; DMFT = 0:2077, 95%
Cl: 1949, 2204).

3.1 | Principal components

Three dietary patterns with similar food loadings were identified in
each age group (Table 2). The first PC loaded positively on breads
and high-fat foods such as cheese, fats and oils (‘diet high in breads
& fats’) in the 18-30-year-olds; these items loaded negatively for the
>30-year-olds, so we reverse-coded pattern scores for comparabil-

ity. The second PC loaded positively on sugar-sweetened beverages

Food group (number of WWEIA

18-30y of age

31-80 & over
years of age®

categories) Loading Loading
Breads, rolls & tortillas (4) 0.34 -0.27
Cheese (2) 0.29 NA
Fats/oils (6) 0.25 -0.27
Cured meats/poultry (4) 0.25 NA
Sweetened beverages (5) 0.35 -0.38
Vegetables, excluding potatoes NA 0.35
(11)
Sandwiches (5) 0.25 -0.33
Fruits (9) -0.30 0.29
Cooked grains (2) NA 0.26
Plain water (2) -0.26 0.25
Protein & nutritional powders (1) -0.26 NA
Ready-to-eat cereals (2) 0.41 0.41
Milk (4) 0.33 0.36
Flavoured milk (4) 0.26 NA
Fruits (9) NA 0.25
100% juice (4) 0.25 NA
Coffee & tea (2) -0.28 -0.27

Note: Participants in the National Health and Nutrition Examination Survey (NHANES) 2013-2014.
NA indicates a food category for which the absolute value of the loading was not above 0.25 for
the age group despite being above 0.25 in the other age group.
Abbreviation: WWEIA, What We Eat in America.
?In over-30-y-olds, ‘Breads & fats’ and ‘Sugar-Sweetened beverages & sandwiches’ were recoded to
reverse directionality for future analysis; however, original loadings are presented in this table.
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and sandwiches, and negatively on fruit and water consumption
(‘diet high in sugar-sweetened beverages & sandwiches’). Again, the
directions of the loadings were reversed in >30-year-olds and thus
were reverse-coded. The third PC captured variation in breakfast
foods, with high loadings on milk and cereal consumption contrasted
with tea and coffee consumption (‘diet high in milk & cereal’). The
first three PCs together explained approximately 16% of the total
variation in the dietary recall among 18-30-year-olds (PC1: 7%, PC2:
5%, PC3: 4%) and 15% among those over 30 (PC1: 8%, PC2: 4%,
PC3: 3%).

3.2 | Poisson model

Among 18-30-year-olds, no PC was associated with the prevalence
of any DMFT (Table 3). Of the 18-30-year-olds, 63.9% (95% Cl: 58.6,
69.2) reported eating breakfast both days and the mean number
of snacks per day was 1.7 (95% Cl: 1.6, 1.8). The addition of these
variables did not affect the estimates. Among those over 30, every
subsequent quartile of the diet high in sugar-sweetened beverages
and sandwiches pattern was associated with a 2% higher prevalence
of DMFT (95% Cl: 0.14, 3). For those over 30, 82.9% (95% Cl: 80.4,
85.4) reported eating breakfast both days and the mean number of
snacks per day was 2.02 (95% Cl: 1.9, 2.1). The addition of these
variables did not alter the precision nor effect estimate. None of the
two highest loading food groups from each PC were significant in-
dependent predictors of DMFT prevalence. In the final model, age
was positively associated with the prevalence of DMFT in both 18-
30- and >30-year-olds.

3.3 | Linear model

Among those 18-30 with any DMFT, no PC was associated with
DMFT (Table 4). By contrast, among those >30 with any DMFT,
every subsequent quartile of the diet high in breads & fats pattern
was associated with a 2.19% higher (95% Cl: 0.48, 3.93) DMFT
score. In addition, every subsequent quartile of the diet high in
sugar-sweetened beverages & sandwiches pattern was associated
with a 1.98% higher (95% Cl: 0.15, 3.85) DMFT score. Inclusion
of breakfast and snack variables made the estimates less pre-
cise. When we examined whether individual foods predicted
higher DMFT, only sugar-sweetened beverages were marginally
associated with greater DMFT: every one per cent higher gram
percentage of total grams consumed was associated with 24.42%
higher DMFT, although the difference was not statistically sig-
nificant (95% Cl: -1.01, 56.37). Age and ratio of family income to
poverty were the only other variables in the final model associ-
ated with higher DMFT, with higher age positively associated and
higher ratio of family income to poverty inversely associated in
18-30-year-olds. In >30-year-olds, higher age was positively as-
sociated with higher DMFT and being male was inversely associ-
ated with DMFT.

3.4 | Sensitivity analyses

When individuals who completed only 1 day of dietary recall were
included in the analysis, the directions of the associations did not
change, and effect estimates changed only slightly in magnitude
(see Appendix S2). Results were insensitive to the grouping of low-
and high-sugar cereals (see Appendix S4). Results of the negative
binomial modelling approach were consistent with those from the
log-linear approach for the dietary patterns, although additional
dietary patterns and individual foods demonstrated associa-
tions with the DMFT count in the negative binomial model (see
Appendix S5).

3.5 | Patterns of principal components differed by
age group

For 18-30-year-olds, those low in ‘diet high in sugar-sweetened
beverages & sandwiches’ and high in ‘diet high in breads & fats’ and
‘diet high in milk and cereal’ had the lowest median DMFT, while
for those >30, those low in all PCs had the lowest median DMFT
(Figure 1). Those high in all three patterns had the highest median
DMFT score in both age groups. Among those >30, scoring highly on
‘diet high in milk & cereal’ and ‘diet high in sugar-sweetened bever-
ages & sandwiches’ resulted in a lower median DMFT than scoring
highly on ‘diet high in sugar-sweetened beverages & sandwiches’
alone. Further, scoring highly on ‘diet high in breads & fats’ and on
‘diet high in sugar-sweetened beverages & sandwiches’ was associ-
ated with a higher median DMFT than scoring highly on ‘diet high in
sugar-sweetened beverages & sandwiches’ alone.

4 | DISCUSSION

In this nationally representative sample of US adults, we identified
three dietary patterns among 18-to-30- and >30-year-olds. No pat-
tern was associated with the prevalence or severity of DMFT in
those aged 18-30 years. However, a diet ‘high in sugar-sweetened
beverages & sandwiches’ was associated with DMFT prevalence and
severity in >30-year-olds, and a ‘diet high in breads & fat’ was associ-
ated with severity of decay. Intake of individual foods loading heav-
ily on these dietary patterns did not strongly predict dental caries.
In line with current literature, we observed a strong and consistent
positive association between age and dental decay and a more mod-
erate association between lower socioeconomic status and dental
decay.’1%?

Strengths of our analysis include the large sample size, na-
tionally representative data and high-quality outcome data. An
additional strength was the use of data from two 24-hour recall
assessments. A single day of dietary recall can be a random, non-
representative snapshot of an individual's true diet, and therefore,
including individuals with only 1 day of dietary recall can affect

the precision of exposure measurement.®® Despite this strength,
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TABLE 3 Associations of principal components (PC) with any decayed, missing and filled teeth (DMFT > 0) for subsequent quartiles in
principal component (PC) scores by age group

Principal component models

18-30y of age Over 30y of age

‘Sugar-sweetened ‘Sugar-Sweetened

beverages & ‘Milk & cereal’ beverages &
‘Breads & fats’ sandwiches’ prevalence ‘Breads & fats’ sandwiches’ ‘Milk & cereal’
prevalence ratio prevalence ratio ratio prevalence ratio prevalence ratio prevalence ratio

e?, (95% Cl)

e?, (95% Cl)

e?, (95% Cl)

e?, (95% Cl)

e?, (95% Cl)

eP, (95% Cl)

Model 17 0.99 (0.96, 1.02) 1.02(0.98, 1.06) 0.98 (0.94, 1.01(0.997,1.03)"  1.01(0.99,1.02) 0.99 (0.98,
1.02) 1.002)*

Model 2°  0.99 (0.94, 1.03) 1.02(0.97, 1.07) 0.99 (0.95, 1(0.99,1.02) 1.02 (1.003, 1.03)* 0.99 (0.97,
1.04) 1.003)

Model 3¢ 0.99 (0.94, 1.04) 1.02(0.97,1.07) 0.99 (0.94, 1(0.99,1.02) 1.02 (1.002, 1.03)* 0.99 (0.97,
1.04) 1.004)

Model 4¢  0.98 (0.93, 1.04) 1.03(0.97,1.09) 0.99 (0.94, 1(0.98,1.03) 1.02 (1.001, 1.03)* 0.99 (0.97,1.01)
1.04)

Individual food models

18-30y of age Over 30y of age
Highest loading Bread Sweetened Cereals Fats/oils Sweetened Cereals
food group Prevalence ratio beverages Prevalence ratio Prevalence ratio beverages Prevalence ratio

Food categories
model®

Second highest
loading food
group

Food categories

1.14(0.01,
100.99)

Cheese
Prevalence ratio

0.97 (0.86, 1.09)

Prevalence ratio

1.11 (0.7, 1.76)

Fruits (negative
loading)
Prevalence ratio

0.21(0.01, 8.06)

0.95(0.86, 1.04)

Milk
Prevalence ratio

2.18 (0.74, 6.46)"

2.47(0.63,9.72)

Bread
Prevalence ratio

0.92(0.32,2.62)

Prevalence ratio

1.04(0.83,1.3)

Vegetables (neg-
ative loading)
Prevalence ratio

1.02(0.49, 2.13)

0.99 (0.95, 1.03)

Milk
Prevalence ratio

0.85 (0.56, 1.28)

model®

Note: Participants in the National Health and Nutrition Examination Survey (NHANES) 2013-2014.
Model 1 included all three principal component (PC) variables as quartile ranking variables modelled ordinally. Each prevalence ratio corresponds to

the change from one quartile to the next subsequent quartile.

PModel 2 contained the three PC variables described above and the following sociodemographic variables: gender, age (continuous), head of
household education indicator variable for =high school education and ratio of family income to poverty (continuous).

‘Model 3 contained all the same variables as Model 2 and the following dietary variables: mean daily energy (continuous, kilocalories), body mass

index (continuous variable).

9Model 4 was contained the same variables as Model 2 with the addition of the average snacking occasions per day and average breakfast per day

variables.

“The highest and second highest loading food group (based on absolute value) from each principal component were included as predictors in models
as per cents’ gram consumption/ total gram consumption averaged over 2 d. Low gram percentage consumption of cereals and cheese resulted in
very wide confidence intervals. These models included the sociodemographic and dietary variables listed in footnotes b and c.

*P < .05.
‘P <.10.

the exposure measurement used in our study has several weak-
nesses. Twenty-four-hour recalls may not be an accurate measure
of usual intake and are memory dependent. Additionally, fre-
quency of consumption may be more relevant to caries experi-
ence than the amount of food consumed.? Unfortunately, a food
frequency questionnaire was not used in the more recent cycles
of NHANES.?2® Our use of WWEIA food groupings allowed a
higher-level exposure categorization but may have obscured dif-
ferences in relevant nutritional components, such as free sug-

ars, between individual food items of the same food group. The

cross-sectional design of NHANES is also a major limitation of our
study as it prohibits causal inference and parsing of age, period
and cohort effects. The complex survey design limited the number
of residual degrees of freedom available restricting our ability to
more fully explore interactions between dietary patterns and age
and interactions among the dietary patterns.

Our findings are consistent with the literature on the carioge-
nicity of the underlying food groups including sugar-sweetened
beverages.?1114343¢ Notably, individual food groups underlying

the dietary patterns of our study did not always associate with
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TABLE 4 Percent change in number of decayed, missing and filled teeth (DMFT) for each subsequent quartile in identified principal
components or top loading food groups from principal components among those with DMFT > 0, by age group

Principal component models

18-30y of age Over 30y of age
‘Sugar-Sweetened ‘Sugar-sweetened ‘Milk &
beverages & beverages & cereal’
‘Breads & fats’ sandwiches’ ‘Milk & cereal’ ‘Breads & fats’ sandwiches’ percent
percent change Percent Change percent change percent change Percent change change
(ef - 1)*100 (e - 1)*100 (ef - 1)*100 (ef - 1)*100 (ef - 1)*100 (ef - 1)*100
(95% Cl) (95% ClI) (95% ClI) (95% Cl) (95% Cl) (95% Cl)
Model -2.08% (-5.74, 3.66% (-0.65, 8.15) -0.06% (-3.8, 2.4%** (1.06, 1.34%* (0.06, 2.62) 0.22%
12 1.72) 3.83) 3.76) (-1.71, 2.19)
Model -2.49% (-6.23, 3.09% (-2.01, 8.45) -0.64% (-4.58, 2.19%** (0.74, 1.9%* (0.31, 3.5) -0.28%
2b 1.41) 3.47) 3.66) (-1.78, 1.25)
Model -2.71% (6.5, 2.78% (-2.62, 8.49) -0.53% (-4.65, 2.24%* (0.76, 1.8%* (0.19, 3.43) -0.26%
3¢ 1.24) 3.77) 3.75) (-1.78,1.28)
Model -3.16% (-7.7, 3.92% (-2.18, 10.41) -0.65% (-5.22, 2.19%* (0.48, 1.98%* (0.15, 3.85) -0.48%
44 1.62) 4.14) 3.93) (-2.17,1.25)
Individual food models
18-30y of age Over 30y of age
Highest loading Bread Sweetened Cereals Fats/Oils Sweetened Cereals
food group Percent change Beverages Percent change Percent change beverages Percent change

Food Categories
Model®

Second highest
loading food
group

Food categories
model®

-92.06% (-99.87,
388.64)

Cheese
Percent change

1.19% (-9.85,
13.58)

Percent change

8.77% (-29.43,
67.65)

Fruit
(negative loading)
Percent change

-19.57% (-84.32,
312.49)

3.82% (-7.02,
15.93)

Milk
Percent change

-4.12% (-69.24,
198.82)

5.17% (-2.49,
13.42)

Bread
Percent change

-55.03% (-84.8,
33.05)

Percent change

24.42%" (-1.01,
56.37)

Vegetables (neg-
ative loading)
Percent change

-8.54% (-48.83,
63.46)

-2.69% (-6.23,
0.99)

Milk
Percent change

13.35% (-26.84,
75.63)

Note: Participants in the National Health and Nutrition Examination Survey (NHANES) 2013-2014.

#Model 1 included all three principal component (PC) variables as quartile ranking variables modelled ordinally. Each coefficient corresponds to the

change from one quartile to the next subsequent quartile.

®Model 2 contained the three PC variables described above and the following sociodemographic variables: gender, age (continuous), head of
household education indicator variable for zhigh school education and ratio of family income to poverty (continuous).

‘Model 3 contained all the same variables as Model 2 and the following dietary variables: mean daily energy (continuous, kilocalories), body mass

index (continuous variable).

dModel 4 was contained the same variables as Model 2 with the addition of the average snacking occasions per day and average breakfast per day

variables.

“The highest and second highest loading food group (based on absolute value) from each principal component were included as predictors in models
as per cents’ gram consumption/ total gram consumption averaged over 2 d. Low gram percentage consumption of cereals and cheese resulted in
very wide confidence intervals. These models included the sociodemographic and dietary variables listed in footnotes b and c.

P <.01.
*P < .05.
“P<.10.

dental caries experience, indicating the possible role of food inter-
actions in caries risk. This is consistent with one study in American
adults'! as well as with a study of dietary patterns in 504 Australian
adolescents, where high-starch dietary patterns predicted caries
experience but no significant correlations between individual foods
and caries increment were identified.?! However, a cross-sectional
study of dietary patterns and caries risk among Detroit adults
found an association between sugar-sweetened beverages and

caries, but did not find associations between patterns of liquid and

food consumption and caries after multivariate adjustment.?* That
study was conducted among 821 low-income African American in-
dividuals, while our study population is larger and nationally rep-
resentative. Additionally, that study grouped solid and liquid food
frequency data into separate patterns. We allowed solid and liquid
food groups to be grouped together and used a measure of food
amount rather than food frequency. We believe allowing liquid and
solid foods to be grouped together more realistically reflects di-

etary patterns and that this is a strength of our study. However,
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FIGURE 1 Distributions of decayed, missing and filled teeth (DMFT) by combinations of dichotomized (‘high’ vs ‘low’) principal
components by age group. Participants in the National Health and Nutrition Examination Survey (NHANES) 2013-2014. Within each age
subset, violin plots with captured box plots are ordered from lowest to highest median DMFT score by pattern of principal components.
Across age subsets, patterns retain the same colour. Median DMFT score within each pattern is displayed above each violin plot and was
estimated taking into account sample weights. High and low in principal component refer, respectively, to being in the upper half or lower
half of the principal component scores. PC1—Diet high in cheese, bread, oils and fats. PC2—Diet high in sandwiches and sugar-sweetened
beverages, low in water and fruit. PC3—High in cereal and milk, low in coffee and tea

as discussed above, our use of gram consumption as opposed to
food frequency is a potential limitation which may explain these
differences.?

A notable finding from our study was the age specificity of
the associations between dietary patterns and dental caries.
Differences in associations may indicate mechanistic changes
in dental decay due to ageing, such as changes in cariogenic mi-
crobiota or calcium absorption.>%” It is possible that associations
are only revealed in older adults because the lifelong, cumulative
exposure to a cariogenic diet leads to dental decay. Consistent
with the literature, adults >30 years had more dental decay than
younger adults.®® Alternatively, slight differences in food expo-
sures by age groups may explain age-specific associations; for ex-
ample, a diet high in breads and fats loaded strongly on cheese in
the younger age group but not in the older age group. Cheese and
other dairy foods have a cariostatic effect, potentially explain-
ing why a diet high in breads and fats was only associated with
severity of dental decay in the older adults. Cohort and period
effects could also explain this finding: cumulative fluoride expo-
sure differences by birth cohort or a period effect related to the
introduction of fluoride products could modify relationships be-
tween food intake and caries outcomes.®>%? Alternatively, these
differences in associations could reflect reverse causation, with
changes in eating habits resulting from age-related tooth loss.’
Owing to the cross-sectional nature of NHANES, it was not pos-

sible to tease out age, period and cohort effects or to exclude

noncausal explanations for age-specific differences in associ-
ations between dietary patterns and dental decay; longitudinal
study designs are needed.

Our study is one of only a few to have examined the impact of
dietary patterns on dental caries and to explore the effects of these
patterns on caries in adults. Although effect estimates using PCs
were small, preventing even a small amount of tooth decay through
dietary interventions could have large health benefits and cost-sav-
ings at a national scale. While food groups high in sugar were asso-
ciated with caries prevalence and severity, associations were more
apparent in the context of overall diet. Policy recommendations per-
taining to total diet, rather than single foods or individual nutritional
components, may be relevant for lowering caries risk. Moreover, as
noted in the Global Burden of Disease Study, a suboptimal diet can
have broader negative impacts on health beyond adversely affecting

oral health.*®
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