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Abstract

Aim: To examine the cross-sectional associations between single nutrient intakes and

posteriori nutrient-based dietary patterns and periodontal disease risk in a subset of

the UK Biobank cohort.

Materials and Methods: Dietary data were collected by 24-h dietary recall on up to

five separate occasions over 16 months. A touchscreen questionnaire was used to

collect oral health information. Participants were considered at high risk of periodon-

tal disease if they reported having painful gums and/or bleeding gums and/or loose

teeth. Principal component analysis identified four nutrient-based dietary patterns

from 20 nutrients. Logistic regression was used to estimate the odds ratio of peri-

odontal disease risk for single nutrients and nutrient-based dietary patterns.

Results: A total of 9476 participants (mean age 56.2 years [SD 8.0]) were included in

the analysis. Higher intakes of vitamin B6, B12, C, and E, folate, iron, potassium, mag-

nesium, polyunsaturated fatty acids, and total sugar were associated with a lower risk

of periodontal disease. Higher intake of saturated fat was associated with an

increased risk. A dietary pattern characterized by high micronutrients and fibre intake

was associated with low risk of periodontal disease.

Conclusion: Within this sample of middle-aged and older adults, a “high micronutri-

ent and fibre” dietary pattern was associated with reduced risk of periodontal

disease.
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Clinical Relevance

Scientific rationale for study: Evidence supporting the relationship between dietary intake and

periodontal disease has predominately focused on single nutrients; however, nutrients are not

consumed in isolation. There is a lack of studies investigating the relationship between dietary

patterns created using nutrient intakes and the risk of periodontal disease.

Principal findings: A dietary pattern characterized by high micronutrients and fibre intake may

reduce the risk of periodontal disease.
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Practical implications: Future studies investigating the relationship between nutrient-based die-

tary patterns and periodontal disease are warranted to enhance the understanding of the key

biological processes and help formulate dietary recommendations to reduce periodontal

disease risk.

1 | INTRODUCTION

Periodontal disease, including gingivitis and periodontitis, is an inflam-

matory condition that affects the tissues that surround and support

the tooth (Kinane et al., 2017). It is a major cause of tooth loss, which

consequently can lead to poor nutritional status, low self-esteem, and

reduced quality of life (Tonetti et al., 2017). A growing body of evi-

dence also suggests that periodontal disease is associated with several

conditions, including diabetes, cardiovascular diseases, cancer, rheu-

matoid arthritis, pre-eclampsia, dementia, and Alzheimer's disease

(Chapple et al., 2013; Tonetti et al., 2013; Bourgeois et al., 2019;

Nadim et al., 2020; Bora et al., 2021; Gare et al., 2021; Maitre et al.,

2021). Periodontal diseases are among the most prevalent chronic

infections in humans. The global age-standardized prevalence of

severe periodontitis alone was 9.8% in 2017, while the number of

prevalent cases was 796 million worldwide (Bernabe et al., 2020).

Dietary intake has been considered a modifiable risk factor for

periodontal disease (Hujoel & Lingström, 2017). For instance, low

intakes of dietary fibre, omega-3 fatty acids, vitamin A and its precur-

sor β-carotene, vitamin B12, vitamin C, and calcium, as well as high

intakes of saturated fat and fermented carbohydrates, have all been

associated with an increased risk of periodontitis (O'Connor et al.,

2020; Martinon et al., 2021). To date, the evidence supporting the

relationship between dietary intake and periodontal disease has pre-

dominately focused on single nutrients. However, nutrients are not

consumed in isolation, and therefore analysing the effect of single

nutrients fails to take into account the complex interactions that occur

among them. It has been suggested that analysing the diet as a whole

may be more predictive of disease risk (Hu, 2002).

A dietary pattern analysis is a complementary approach to single

nutrient analysis and provides a more comprehensive overview of the

diet (Hu, 2002). The method involves the grouping of nutrients, foods,

or food groups that are commonly consumed together. A number of

studies have used dietary pattern analysis to examine the relationship

between diet and periodontal disease (Al-Zahrani et al., 2005; Bawadi

et al., 2011; Jauhiainen et al., 2016, 2020; Salazar et al., 2018; Wright

et al., 2020; Alhassani et al., 2021; Li et al., 2021). Most of these stud-

ies have used a “priori” approach, which evaluates dietary intake using

pre-defined scoring classifications based on dietary guidelines or

knowledge of diet and disease relationships. For instance, consump-

tion of a healthy diet measured by the Baltic Sea Diet Score

(Jauhiainen et al., 2016, 2020), the Recommended Finnish Diet Score

(Jauhiainen et al., 2016, 2020), the Healthy Eating Index (Al-Zahrani

et al., 2005; Bawadi et al., 2011), and the Alternative Healthy Eating

Index (Salazar et al., 2018) have all been associated with a reduced

risk of periodontal disease, whereas consuming a pro-inflammatory

diet measured by the energy-adjusted Dietary Inflammatory Index has

been associated with periodontitis in US adults (Li et al., 2021).

Another approach to dietary pattern analysis is the “posteriori”
approach, which is a data-driven method that involves the grouping of

highly correlated nutrients, foods, or food groups using a data reduction

technique. Although the dietary patterns identified using this approach

are specific to the population from which they are derived, it is common

for both “prudent-type” and “Western-type” dietary patterns to be iden-

tified. Only a few studies have used this dietary pattern analysis

approach when investigating the relationship between diet and peri-

odontal disease. The results from these studies, however, are conflicting,

as one study found a significant association between a “prudent-type”
dietary pattern and a decreased risk of periodontal disease (Wright et al.,

2020), while another study found no association (Alhassani et al., 2021).

The dietary patterns identified in the above studies were created

using food groups, which can be easily translated into dietary recom-

mendations. To the best of our knowledge, however, no study has inves-

tigated the association between dietary patterns created using nutrient

intakes and the risk of periodontal disease. Using nutrient intakes to

identify dietary patterns may enhance the understanding of the key bio-

logical processes and allow easier comparisons across populations.

2 | AIM

We aimed to investigate the cross-sectional associations between sin-

gle nutrient intakes and posteriori nutrient-based dietary patterns

with periodontal disease risk in the UK Biobank Cohort.

3 | METHODS

3.1 | Participants and study design

The UK Biobank is a prospective population-based cohort study.

About half a million UK adults (5.5% response rate) aged between

40 and 69 years were recruited between 2006 and 2010. These par-

ticipants attended an assessment centre where a touchscreen ques-

tionnaire and a brief computer-assisted interview were completed and

a range of physical assessments were made. Participants also provided

biological specimens. Further information regarding the study design

and methodology is provided in the study protocol (UK Biobank,

2007). All participants provided informed consent.

An application was submitted to UK Biobank requesting data for

all participants who had dietary intake data captured by the 24-h

recalls and/or food frequency questionnaire and/or oral health data
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captured by the touchscreen questionnaire (n = 135,428). Thirty-eight

participants were excluded from the analysis because they had with-

drawn from the UK Biobank study at the time of analysis. Participants

were also excluded if they had missing oral health and nutrient intake

data (calculated from the 24-h dietary recall assessment only)

(n = 77,921); preferred not to answer the oral health questions

(n = 497); did not complete the first 24-h dietary recall questionnaire

at the assessment centre and at least one of the online 24-h dietary

recalls (n = 47,311); had reported an implausible energy intake (<500

or >3500 kcal/day for women and <800 or >4000 kcal/day for men)

(n = 100); and had missing covariates (age, sex, ethnicity, Townsend

Deprivation Index [TDI], body mass index [BMI], smoking status, and

alcohol drinking status) (n = 85). A total of 9476 participants were

available for analysis. The current analysis used only data collected at

baseline. A flowchart of study participants is presented in Figure 1.

3.2 | Periodontal disease risk

Self-reported periodontal disease information was collected by the

touchscreen questionnaire. A clinical dental examination was not

included. Participants were asked to indicate if they had painful gums,

bleeding gums, or loose teeth. Participants could select more than one

option or could select “none of the above”. There was also an option

“prefer not to answer”. Self-reported painful gums, bleeding, gums,

and loose teeth have previously been validated as surrogate makers

of periodontal disease (Eke et al., 2013; Abbood et al., 2016). Partici-

pants were considered at increased risk of periodontal disease if they

reported having one or more of the symptoms. Those who did not

report any of the symptoms were considered at low risk of periodon-

tal disease.

3.3 | Dietary intake

Towards the end of recruitment, the Oxford WebQ, a web-based 24-h

dietary assessment tool, was added to the baseline assessment protocol.

The web-based dietary assessment tool records the consumption of up

to 206 widely consumed foods and 32 types of beverages in the previ-

ous 24 h. Standard categories were used for portion sizes (e.g., two

slices of bread), and for foods without a natural size (e.g., rice), “serving”
sizes with a description were provided (Liu et al., 2011).

UK Biobank
>500,000 participants recruited 2006–2010

Data requested for:
Participants with dietary intake data (24-h 

recall and food frequency questionnaire) and/or 
oral health data collected at baseline

n = 135,428

Excluded
- Withdrawn prior to analysis n = 38

- Missing oral health and nutrient intake 
data from 24-h dietary recall n = 77,921

- Selected prefer not to answer oral health 
questions n = 497

- Did not complete 1st 24-h dietary recall at 
the assessment centre and at least one of 
the online 24-h recalls n = 47,311

- Reported an implausible energy intake 
n = 100

- Missing covariates n = 85

Final analytical sample
n = 9476

F IGURE 1 Flowchart of study participants
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Participants recruited between April 2009 and June 2010 were

asked to complete the 24-h dietary assessment at the assessment cen-

tre. In addition, participants who provided an email address at the

assessment centre were sent, on four separate occasions between

February 2011 and June 2012, an invite to complete an identical

online version of the 24-h recall assessment using their own computer.

The UK Biobank provided the data for energy intake and 20 nutri-

ents, all of which have been included in the current analysis. Nutri-

tional supplement intake was not used when estimating daily nutrient

intakes. Mean daily intakes of nutrients were calculated by using stan-

dard portion sizes for each food or beverage consumed and by multi-

plying the amount consumed by the nutrient composition. Participants

who completed two or more 24-h dietary assessments had their values

averaged. For the current analysis, the mean daily nutrient intake

values were expressed as mean intakes per 1000 kcal of total energy

intake.

3.4 | Covariates

Anthropometric measures including weight (kilogram) and height

(centimetre) were taken at the assessment centre and were used

to calculate the BMI (kilogram per square metre). The touchscreen

questionnaire collected socio-demographic information including age,

sex, ethnicity, and TDI, which is a proxy measure for socio-economic

status. TDI was based on the preceding national census output area.

Participants were assigned a score corresponding to their area of resi-

dence, with a greater score indicating a greater degree of deprivation.

Smoking status (current, previous, or never) and alcohol drinking status

(current, previous, or never) were also collected by the touchscreen

questionnaire.

3.5 | Statistical methods

Data analysis was performed using SPSS for Windows version 27.0

(IBM Corp., Armonk, NY). Sample characteristics are presented as fre-

quencies and percentages for categorical data and as means and stan-

dard deviations for continuous data. To examine the differences in

characteristics according to periodontal disease risk, independent

sample t-tests (continuous data) and chi-squared tests (categorical

data) were undertaken.

To investigate the cross-sectional associations between periodon-

tal disease risk and single nutrient intakes, logistic regression analyses

were undertaken. Single nutrient intakes, expressed as mean intakes

per 1000 kcal of total energy, were divided into quartiles and entered

TABLE 1 Sample characteristics according to risk of periodontal disease

Characteristic

Total (N = 9476),

mean (SD)

Low risk of periodontal

disease (n = 7842), mean (SD)

High risk of periodontal

disease (n = 1634), mean (SD) p-Value

Socio-demographic

Sex (female)a, n (%) 5421 (57.2) 4381 (55.9) 1041 (63.7) <.001

Age (years) 56.18 (8.00) 56.47 (7.99) 54.79 (7.87) <.001

Ethnicity (White)a, n (%) 9071 (95.7) 7528 (95.9) 1548 (94.7) .021

TDI score �1.40 (2.72) �1.47 (2.69) �1.08 (2.88) <.001

Anthropometry

Height (cm) 169.41 (8.98) 169.58 (8.98) 168.57 (8.95) <.001

Weight (kg) 77.03 (15.58) 76.86 (15.39) 77.88 (16.46) .021

BMI (kg/m2) 26.76 (4.62) 26.65 (4.53) 27.33 (5.00) <.001

Health and dietary variables

Smoking statusa, n (%)

Current 621 (6.6) 514 (6.6) 108 (6.6)

Previous 3441 (36.3) 2780 (35.4) 662 (40.5)

Never 5414 (57.1) 4552 (58.0) 865 (52.9) <.001

Alcohol consumptiona, n (%)

Current 8919 (94.1) 7391 (94.2) 1528 (93.5)

Previous 301 (3.2) 237 (3.0) 64 (3.9)

Never 261 (2.8) 218 (2.8) 43 (2.6) .166

Energy intake (kcal/day) 2090.15 (501.93) 2088.12 (499.81) 2099.90 (512.02) .388

Note: Continuous data are presented as mean (SD). Differences between periodontal disease risk groups were analysed using independent samples t-tests

for continuous variables and using chi-squared test for categorical data.

Abbreviations: BMI, body mass index; TDI, Townsend Deprivation Index.
aCategorical data are presented as frequencies (%).
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TABLE 2 Odds ratios (OR) of periodontal disease risk and corresponding 95% confidence intervals (CIs) for nutrient intakes by quartile

Nutrients (per 1000 kcal)

Q1 (lowest) Q2 Q3 Q4

Ref. category OR (95% CIs) OR (95% CIs) OR (95% CIs) p-Value for trend

Protein (g/day) — 0.98 (0.84, 1.13) 0.94 (0.81, 1.09) 0.99 (0.85, 1.15) .767

— 0.98 (0.84, 1.14) 0.94 (0.81, 1.09) 0.94 (0.81, 1.10) .359

Carbohydrate (g/day) — 0.88 (0.76, 1.02) 0.86 (0.74, 0.99) 0.91 (0.78, 1.05) .172

— 0.90 (0.77, 1.05) 0.88 (0.75, 1.02) 0.91 (0.78, 1.07) .229

Starch (g/day) — 0.88 (0.75, 1.02) 1.02 (0.88, 1.18) 1.00 (0.86, 1.16) .567

— 0.87 (0.75, 1.03) 1.03 (0.88, 1.19) 0.98 (0.85, 1.15) .671

Total sugars (g/day) — 0.74 (0.64, 0.86) 0.76 (0.65, 0.88) 0.87 (0.75, 1.01) .080

— 0.77 (0.66, 0.90) 0.80 (0.68, 0.93) 0.90 (0.78, 1.05) .233

Fat (g/day) — 1.03 (0.88, 1.20) 1.16 (0.99, 1.35) 1.18 (1.01, 1.37) .012

— 1.04 (0.89, 1.21) 1.14 (0.98, 1.32) 1.12 (0.96, 1.30) .077

Saturated fat (g/day) — 1.14 (0.97, 1.33) 1.22 (1.05, 1.42) 1.24 (1.07, 1.45) .003

— 1.13 (0.97, 1.32) 1.19 (1.02, 1.39) 1.20 (1.03, 1.41) .016

Polyunsaturated FA (g/day) — 0.81 (0.70, 0.95) 1.04 (0.89, 1.20) 0.96 (0.82, 1.11) .680

— 0.81 (0.69, 0.95) 1.01 (0.87, 1.18) 0.91 (0.79, 1.06) .832

Dietary fibre (g/day) — 0.98 (0.84, 1.13) 0.92 (0.80, 1.07) 0.84 (0.73, 0.98) .022

— 1.00 (0.86, 1.16) 0.96 (0.82, 1.11) 0.87 (0.74, 1.02) .071

Retinol (μg/day) — 1.00 (0.86, 1.17) 1.15 (0.99, 1.34) 1.10 (0.94, 1.28) .093

— 0.90 (0.77, 1.05) 0.91 (0.78, 1.06) 1.07 (0.92, 1.24) .056

β-Carotene (μg/day) — 1.10 (0.95, 1.28) 1.01 (0.87, 1.18) 1.03 (0.88, 1.20) .243

— 0.95 (0.82, 1.11) 0.97 (0.83, 1.13) 0.90 (0.77, 1.05) .237

Vitamin B6 (mg/day) — 0.86 (0.75, 1.00) 0.84 (0.73, 0.98) 0.80 (0.69, 0.93) .003

— 0.91 (0.78, 1.05) 0.88 (0.76, 1.02) 0.83 (0.71, 0.96) .015

Folate (μg/day) — 0.82 (0.70, 0.95) 0.78 (0.68, 0.91) 0.76 (0.65, 0.88) <.001

— 0.86 (0.74, 1.00) 0.83 (0.72, 0.97) 0.81 (0.69, 0.94) .005

Vitamin B12 (μg/day) — 0.91 (0.79, 1.06) 0.85 (0.73, 0.99) 0.80 (0.69, 0.93) .002

— 0.94 (0.81, 1.09) 0.89 (0.76, 1.03) 0.83 (0.71, 0.97) .011

Vitamin C (mg/day) — 0.81 (0.70, 0.94) 0.80 (0.69, 0.93) 0.76 (0.66, 0.89) .001

— 0.83 (0.71, 0.96) 0.81 (0.70, 0.94) 0.77 (0.66, 0.90) .001

Vitamin D (μg/day) — 0.97 (0.83, 1.12) 0.97 (0.83, 1.12) 0.86 (0.73, 1.00) .057

— 1.00 (0.86, 1.16) 1.00 (0.86, 1.16) 0.89 (0.77, 1.04) .175

Vitamin E (mg/day) — 0.99 (0.85, 1.15) 0.90 (0.77, 1.05) 0.85 (0.73, 0.99) .018

— 0.97 (0.83, 1.13) 0.87 (0.75, 1.02) 0.80 (0.69, 0.94) .003

Calcium (mg/day) — 1.00 (0.86, 1.17) 1.10 (0.95, 1.28) 0.97 (0.84, 1.13) .601

— 1.12 (0.96, 1.30) 0.99 (0.85, 1.16) 0.99 (0.85, 1.16) .560

Iron (mg/day) 0.74 (0.64, 0.86) 0.75 (0.65, 0.87) 0.72 (0.62, 0.83) <.001

— 0.79 (0.68, 0.92) 0.81 (0.70, 0.94) 0.77 (0.66, 0.90) .002

Potassium (mg/day) — 0.87 (0.75, 1.01) 0.86 (0.74, 0.99) 0.76 (0.65, 0.88) <.001

— 0.92 (0.79, 1.07) 0.91 (0.78, 1.06) 0.79 (0.67, 0.92) .004

Magnesium (mg/day) — 0.85 (0.73, 0.98) 0.83 (0.72, 0.97) 0.74 (0.63, 0.86) <.001

— 0.88 (0.76, 1.02) 0.88 (0.76, 1.02) 0.78 (0.67, 0.91) .003

Note: Data analysed using logistic regression. Data presented as unadjusted (top values) and adjusted OR and 95% CIs. Quartile (Q) 1 is the reference

category and represents the lowest intake of a particular nutrient. Adjusted for age (years), sex (male/female), ethnicity (White/non-White), Townsend

Deprivation Index score, body mass index (kilogram per square metre), smoking status (never/previous/current), and alcohol drinking status (never/

previous/current). Values highlighted in bold are significant (p < .05).

Abbreviation: FA, fatty acids.
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into each model separately as the explanatory variable. Quartile 1 was

entered as the reference category and represented the lowest intake.

Periodontal disease risk status (≥1 symptoms vs. no symptoms) was

the outcome variable in each model. The adjusted odds ratios (ORs)

and 95% confidence intervals (CIs) were calculated. Confounders

identified from the previous literature included age (years), sex (male/

female), ethnicity (White/non-White), TDI score, smoking status (cur-

rently/previous/never), alcohol drinking status (currently/previously/

never), and BMI (kilogram per square metre).

Nutrient-based dietary patterns were identified using a dimension

reduction technique known as the principal component analysis (PCA).

This data-driven posteriori method statistically grouped the 20 nutri-

ents, expressed as mean intakes per 1000 kcal of total energy, into a

smaller number of uncorrelated underlying factors, also known as die-

tary patterns. The number of factors (dietary patterns) retained was

based on the following criteria: eigenvalue >1, scree plot examination,

and interpretability of the factors. Varimax rotation was performed to

produce dietary patterns that were uncorrelated and interpretable. The

dietary patterns were named according to dominant nutrients, which

indicate having an absolute rotated factor loading ≥4.0 on a given

factor (dietary pattern). Factor scores were calculated for each partici-

pant and divided into quartiles for each dietary pattern. Logistic regres-

sion analyses were carried out to investigate the cross-sectional

associations between periodontal disease risk status and each nutrient-

based dietary pattern. In each model, the nutrient-based dietary pattern

was the explanatory variable, with quartile 1 entered as the reference

category and representing the lowest intake of that dietary pattern.

Periodontal disease risk status (≥1 symptoms vs. no symptoms) was the

outcome variable. All models were adjusted for age, sex, ethnicity, TDI

score, smoking status, alcohol drinking status, and BMI (kilogram per

square metre). The adjusted ORs and 95% CIs were calculated.

4 | RESULTS

The characteristics of the total sample and by periodontal disease risk

are presented in Table 1. Approximately 16% of the sample was aged

65 years or older, and over half the sample was classified as being

overweight or obese (61%). Approximately 17% of the sample

reported having one or more symptoms of periodontal disease.

TABLE 3 Factor loading matrix and explained variances for the four major nutrient-based dietary patterns identified by principal component
analysis

Nutrient (per 1000 kcal)
Factor 1 (high micronutrient
and fibre) Factor 2 (high fat) Factor 3 (high protein) Factor 4 (high sugar)

Protein 0.206 �0.129 0.715 �0.001

Carbohydrate 0.263 �0.338 �0.508 0.533

Starch �0.024 �0.406 �0.388 �0.266

Total sugars 0.333 �0.072 �0.227 0.755

Fat �0.131 0.749 0.044 �0.561

Saturated fat �0.291 0.834 0.025 �0.067

Polyunsaturated fat 0.201 0.157 �0.089 �0.770

Dietary fibre 0.844 �0.222 �0.065 �0.009

Retinol �0.084 0.766 0.041 �0.047

β-Carotene 0.733 0.018 0.070 0.049

Vitamin B6 0.624 �0.312 0.444 0.086

Folate 0.761 �0.103 0.185 0.131

Vitamin B12 0.061 0.059 0.821 0.043

Vitamin C 0.671 �0.091 0.034 0.307

Vitamin D 0.103 0.087 0.694 �0.083

Vitamin E 0.698 0.293 �0.182 �0.240

Calcium 0.322 0.255 0.150 0.520

Iron 0.541 �0.441 0.277 �0.073

Potassium 0.737 �0.229 0.247 0.333

Magnesium 0.704 �0.342 0.177 0.121

Proportion of VAR explained (%) 24.88 14.30 13.03 12.14

Cumulative VAR explained (%) 24.88 39.18 52.21 64.35

Note: Estimates from a principal component analysis carried out on 20 nutrients. Nutrients in bold have factor loadings ≥4.0 and have the same the dietary

pattern.

Abbreviation: VAR, variance.
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Table 2 shows the unadjusted and adjusted ORs (95% CIs) for peri-

odontal disease risk according to quartiles of single nutrient intakes.

Higher intakes (Q2–Q4) compared with lower intakes (Q1, the reference

category) of carbohydrate, dietary fibre, vitamins B6, B12, C, D, and E,

folate, iron, potassium, magnesium, polyunsaturated fatty acids, and

total sugar were significantly associated with reduced odds of having an

increased risk of periodontal disease. Following adjustment for age, sex,

ethnicity, TDI, BMI, and smoking and alcohol drinking status, significant

associations remained for all the aforementioned nutrients with the

exception of carbohydrate, dietary fibre, and vitamin D. An increased

risk of periodontal disease was found for higher intakes of fat and satu-

rated fat; however, after adjustment, significant associations remained

only for higher intakes of saturated fat.

Table 3 shows the factor loading matrix for the four major

nutrient-based dietary patterns identified by PCA. These four dietary

patterns explained 64% of the variance and were named according to

the nutrient loadings highest in each dietary pattern. The first dietary

pattern was named “high micronutrient and fibre” and was character-

ized by the highest factor loadings for dietary fibre, β-carotene, vita-

mins B6, C, and E, folate, iron, potassium, and magnesium. These

nutrients would typically be found in fruits and vegetables. The sec-

ond dietary pattern was named “high fat” and was characterized by

high factor loadings for fat, saturated fat, and retinol. These nutrients

would typically be found in high-fat dairy products. The third pattern

was named “high protein” and was characterized by high factor load-

ings for protein and vitamins B6, B12, and D. These nutrients would

typically be found in meat, poultry, fish, and eggs. The fourth pattern

was named “high sugar” and was characterized by high factor loadings

for carbohydrates, total sugars, and calcium. These nutrients would

typically be found in foods that contain high amounts of added sugars,

such as biscuits, cakes, breakfast cereals, fruit yoghurt, and soda.

Table 4 shows the unadjusted and adjusted ORs and correspond-

ing 95% CI for periodontal disease risk according to quartiles of

nutrient-based dietary patterns. The “high micronutrient and fibre”

dietary pattern was inversely associated with having an increased risk

of periodontal disease. This relationship remained following adjust-

ment for age, sex, ethnicity, TDI, BMI, and smoking and alcohol drink-

ing status (OR [95% CI] for highest intake [Q4] vs. lowest intake [Q1]:

0.76 [0.65–0.90]; p = .001). Higher intakes (Q3 and Q4) of the “high
fat” dietary pattern compared with a lower intake (Q1, the reference

category) were associated with an increased risk of periodontal dis-

ease. These associations did not remain after adjustment. No associa-

tions were observed for the “high sugar” or “high protein” nutrient-

based dietary patterns.

5 | DISCUSSION

Within this sample of middle-aged and older adults, higher intakes of

vitamins B6, B12, C, and E, and folate, iron, potassium, and magne-

sium were significantly associated with a lower risk of periodontal dis-

ease, while higher intakes of saturated fat were associated with a

higher risk of periodontal disease. These findings are similar to those

of previous research in this area (O'Connor et al., 2020; Martinon

et al., 2021). A relationship was observed in the current analysis

between higher intakes of total sugar (second and third highest quar-

tile intakes vs. lowest quartile intake) and lower periodontal disease

risk. A high intake of sugar, however, has been previously associated

with a higher risk of periodontal disease (O'Connor et al., 2020;

Martinon et al., 2021). The total sugar variable used in the current

analysis includes naturally occurring sugars found in many nutritious

foods such as fruits, vegetables, and milk but also refined sugars. Sep-

arating the total sugar variable into the different sugar types may pro-

vide insight into this incongruous finding. The UK Biobank Resource,

however, provided data for only 20 nutrients for the current analysis,

which prevented further investigation.

A similar scenario was also observed for the polyunsaturated fatty

acids variable, where the second lowest (quartile) intake was less likely

TABLE 4 Odds ratios (OR) of periodontal disease risk and corresponding 95% confidence intervals (CIs) on quartiles of nutrient-based dietary
patterns identified by principal component analysis

Nutrient-based dietary patterns

Quartiles

1 (lowest) 2 3 4
Ref. category OR (95% CI) OR (95% CI) OR (95% CI) p-Value for trend

Factor 1: High micronutrient and fibre — 0.90 (0.77, 1.04) 0.87 (0.75, 1.01) 0.77 (0.66, 0.89) .001

— 0.90 (0.77, 1.05) 0.89 (0.77, 1.04) 0.76 (0.65, 0.90) .002

Factor 2: High fat — 1.12 (0.96, 1.31) 1.20 (1.03, 1.40) 1.17 (1.00, 1.36) .029

— 1.12 (0.96, 1.31) 1.16 (0.99, 1.35) 1.13 (0.97, 1.32) .119

Factor 3: High protein — 1.04 (0.89, 1.20) 0.88 (0.76, 1.02) 0.92 (0.79, 1.07) .085

— 1.08 (0.93, 1.25) 0.92 (0.79, 1.07) 0.95 (0.81, 1.10) .187

Factor 4: High sugars — 0.93 (0.80, 1.08) 0.90 (0.77, 1.05) 0.93 (0.80, 1.08) .294

— 0.97 (0.84, 1.13) 0.95 (0.82, 1.11) 0.97 (0.84, 1.13) .680

Note: Data analysed using logistic regression. Data presented as unadjusted (top values) and adjusted OR and 95% CIs. Adjusted for age (years), sex (male/

female), ethnicity (White/non-White), Townsend Deprivation Index score, body mass index (kilogram per square metre), smoking status (never/previous/

current), and alcohol drinking status (never/previous/current). Values highlighted in bold are significant (p < .05).
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than the lowest (quartile) intake to have a high risk of periodontal dis-

ease. The two highest intake groups (quartiles) were not associated

with periodontal disease risk. Previous research has shown that

omega-3 fatty acids can have a beneficial effect on periodontal health,

and an imbalance between omega-6 and omega-3 fatty acid intakes,

where omega-6 intakes are higher, may increase the risk of periodon-

tal disease (Varela-Lopez et al., 2016). Separation of the polyunsatu-

rated fatty acid variable into omega-3 and omega-6 fatty acids would

add value to the analysis and perhaps help explain the current result.

Four nutrient-based dietary patterns were identified, with only

one showing an association with risk of periodontal disease. This was

the “high micronutrient and fibre” dietary pattern, which demon-

strated higher intakes being associated with a lower risk of periodon-

tal disease. Eight micronutrients including β-carotene and dietary fibre

had very high factor loadings in this dietary pattern. In the single nutri-

ent analysis, however, dietary fibre and β-carotene were not associ-

ated with periodontal disease risk following adjustment for socio-

demographic and health behaviour variables. This accentuates the

significance of undertaking a dietary pattern analysis, as some nutri-

ents may interact and in combination may be a stronger predictor of

periodontal disease compared with when in isolation.

Although there is a lack of studies investigating the relationship

between periodontal disease risk and posteriori nutrient-based dietary

patterns, the finding from the current analysis is in accordance to

Wright et al.'s (2020) cross-sectional analysis of the 2009–2014

NHANES data. They used the treelet transformation technique to

identify dietary patterns based on food groups and then investigated

the association with periodontitis. Their results showed that a dietary

pattern rich in salads, fruits, vegetables, poultry, seafood, and plain

water or tea was associated with a reduced extent of periodontitis.

The “high micronutrient and fibre” dietary pattern identified in the

current analysis likely represents a diet high in fruits and vegetables.

In contrast to Wright et al.'s (2020) and the current study's find-

ings, a prospective study of 34,940 men enrolled in the Health Profes-

sionals Follow-Up Study found over a 24-year period no association

between self-reported incidence of periodontitis and a “prudent” die-
tary pattern characterized by high intakes of vegetables, fruits,

legumes, whole grains, fish, and poultry (Alhassani et al., 2021). These

conflicting findings may be due to different study designs, as Wright

et al.'s (2020) was a cross-sectional study, while Alhassani et al.'s (2021)

was a longitudinal study and recruited only male participants. Further-

more, different periodontal disease measurements were used. In the

NHANES study, a periodontal examination was carried out, which

included the proportion of sites with clinical attachment ≥3 mm (Wright

et al., 2020). In Alhassani et al. (2021) and in the current study, on the

other hand, self-reported measures were used. Currently, there are sev-

eral different outcome definitions for periodontal disease used in epide-

miology studies, which makes comparing the outcomes difficult in

systematic reviews and prevents the pooling of data for meta-analysis.

There were no associations observed for the other three

nutrient-based dietary patterns following adjustment for socio-

demographic and health behaviour variables. The “high fat” and “high
sugar” dietary patterns would represent intakes typically consumed as

part of a Western diet. Alhassani et al. (2021) found no association

between periodontal disease and a “Western” dietary pattern charac-

terized by a high intake of processed meat, red meat, butter, high-fat

dairy products, eggs, and refined grains. However, when a subgroup

analysis of obese men in the same study was undertaken, an associa-

tion was observed (Alhassani et al., 2021). Similar results were

observed in other studies that have looked at specific food groups

within the “Western” diet. Refined grains and a food group containing

fish, shellfish, meat, beans, and eggs were not associated with peri-

odontal disease (Merchant et al., 2006; Yoshihara et al., 2009). Dairy

products and milk, however, have been shown to have a positive

impact on periodontal disease (Al-Zahrani, 2006; Lee & Kim, 2019).

The current analysis used self-reported oral health information to

estimate the risk of periodontal disease because a dental examination

was not carried out. The self-reported measure used can be subject to

bias, resulting in an overestimation or underestimation of the true risk of

periodontal disease in this population group. However, the surrogate

markers used for the current analysis have demonstrated acceptable

validity in place of a diagnosis of gingivitis/periodontitis made during a

dental examination (Eke et al., 2013; Abbood et al., 2016). The markers

have also been used by other UK Biobank studies (Jord~ao et al., 2019;

Larvin et al., 2020, 2021; Lehrer et al., 2022). In the context of the current

study, the term “periodontal disease risk” was used as a composite out-

come to include both gingivitis and periodontitis. Self-reported measures

of oral health status are frequently used in large-scale studies, as dental

examinations can be expensive and time consuming. The oral health infor-

mation collected by UK Biobank was limited, as no information was col-

lected regarding oral hygiene, frequency of dental care, and the number

of natural teeth. This information is essential for evaluating the overall

oral health status and its association with general health and disease.

The 24-h dietary recall method used can be subject to measure-

ment error. Overestimation or underestimation of energy and nutrient

intakes can occur. Recognized cut-offs, however, were used in the cur-

rent analysis to identify those participants with implausible energy

intakes. Furthermore, the Oxford WebQ is a validated, web-based, 24-h

dietary assessment tool (Greenwood et al., 2019) that has been used in

other prospective studies such as the Million Women Study (Green

et al., 2019). To capture habitual dietary intake and to reduce random

error, the completion of multiple 24-h recalls is required. Therefore, the

participants were included in the current analysis only if they had com-

pleted at least two 24-h assessments out of the five administered.

This is a cross-sectional analysis, which makes it difficult to deter-

mine the direction of the association between dietary intake and peri-

odontal disease risk. For instance, reduced periodontal support,

discomfort, loose teeth, and tooth loss as a result of periodontitis may

impair masticatory performance. Previous research has suggested that

impaired masticatory ability can influence food selection and the con-

sumption of important key nutrients, particularly in older adults (Watson

et al., 2019). However, a recent systematic review that investigated the

bidirectional relationship between dietary intake and periodontal health

in community-dwelling older adults found a lack of prospective studies

providing evidence of the impact of periodontal disease on dietary

intake; future studies are therefore warranted (O'Connor et al., 2020).
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The data used for the analysis were collected over 10 years

ago; it is therefore possible that food consumption, nutrient intakes,

and nutritional status have changed over this time period. As a con-

sequence, there is a risk that the findings are not generalizable to a

more contemporary population group. Nevertheless, the strengths

of this study include the large sample size (N = 9476), which is

one of the larger studies investigating the association between

periodontal disease and nutrient intakes (O'Connor et al., 2020).

Furthermore, owing to the design of the UK Biobank study, with its

main aim of investigating in depth the genetic and health informa-

tion of a large sample of UK participants, a range of relevant data

on potential confounding factors were made use of in the current

study.

Although UK Biobank is not a representative sample of the UK

population, as the volunteers were predominantly White and there is

evidence of a “healthy volunteer effect” (Fry et al., 2017), the relation-

ships between exposures and health conditions are thought to be

generalizable to other populations due to the large sample size and

the heterogeneity of exposure measures.

Finally, in common with all observational studies, the possibility

of residual confounding or failure to account for other relevant

confounders, such as stress or genetic predisposition, may have had

some influence on the reported association between periodontal dis-

ease risk and dietary pattern. Additionally, our modelling did not take

account of diabetic status as an independent risk factor for periodon-

tal disease, as in the context of dietary pattern, hyperglycaemia is

more likely to represent a mediator rather than a confounder for peri-

odontal disease risk (Kocher et al., 2018). To explore diabetes as a

mediator, repeated time measurements including a range of inflamma-

tory biomarkers would be required. Recent work has highlighted the

important mediation effect of other markers of systemic inflammation

in relation to periodontitis, including oxidative stress (Sharma et al.,

2021), platelet count (Romandini et al., 2018), and white blood cells

(Torrungruang et al., 2018).

6 | CONCLUSION

Within this sample of middle-aged and older adults, a “high micronu-

trient and fibre” dietary pattern was associated with reduced risk of

periodontal disease. Eight micronutrients including β-carotene and

dietary fibre had high factor loadings in this dietary pattern. In the sin-

gle nutrient analysis, however, dietary fibre and β-carotene were not

associated with periodontal disease risk. This highlights the impor-

tance of undertaking a dietary pattern analysis, as some nutrients in

combination may be a stronger predictor of periodontal disease. Cur-

rently, there are several different outcome definitions for periodontal

disease used in epidemiological studies. Consensus regarding an

appropriate periodontal disease diagnosis is therefore required to help

facilitate future evidence synthesis. Futures studies investigating

the relationship between dietary patterns and periodontal disease risk,

especially of a longitudinal design, are warranted to help formulate

dietary recommendations.
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