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Objectives: Type 2 Diabetes (T2D) is recognized as a risk factor for periodontal
disease (PD), with evidence supporting a bidirectional relationship. Food choices
are thought to influence both conditions, but research on their impact
specifically on PD remains limited. This study aimed to explore whether food
choices were linked to higher prevalence of adverse periodontal parameters
and poorly controlled glucose levels among Hispanic adults with T2D.
Methods: A cross-sectional study was conducted with 260 Puerto Rican adults
aged 40-65 years, all diagnosed with T2D. Dietary habits were assessed by
weekly frequencies of food choices deemed healthy or unhealthy over the past
year. Periodontal health was evaluated by the percentage of sites with probing
pocket depth (PPD) >4 mm and bleeding on probing (BOP) at corresponding
teeth. Glucose control was measured by glycated hemoglobin (HbAlc) levels,
with uncontrolled glucose defined as HbAlc>7%. Linear regression models
adjusted for demographic and clinical variables estimated associations with PD.
Logistic regression assessed associations with glucose control.

Results: The median Healthy Eating Score was 0.5 (Q1, Q3: —3.9, 4.5). A higher
Healthy Eating Score was significantly associated with fewer sites exhibiting
PPD >4 mm and BOP (adjusted B: —0.02; SE: 0.01; p = 0.035), and reduced odds
of uncontrolled glucose (adjusted odds ratio: 0.94; 95% CI: 0.89-0.98; p = 0.007).
Conclusions: Adherence to a healthier dietary pattern appears to correlate with
lower periodontal inflammation and greater glucose control among Hispanics
with T2D. Prospective studies are needed to confirm causality and long-
term effects.
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1.1 Periodontal disease

Periodontal disease (PD) is a pathologic condition of the
periodontal tissue responsible for supporting teeth in their place
(1). It occurs from prolonged inflammation of the gingiva and
bones surrounding them. In serious cases, this condition can also
affect the integrity of the bones of the jaw. Between the years of
2009-2014, it was estimated that 42.2% of US adults between the
ages of 30 and 79 had chronic PD (2). While the prevalence
among Americans is high, there is a higher prevalence among
Hispanic populations. A study conducted in Puerto Rico
estimated a 44.5% prevalence rate of chronic PD in adults aged
70-97 years (3). Furthermore, PD is commonly seen in patients
with other chronic conditions, such as Type 2 Diabetes (T2D).
According to a study conducted by Singh et. al, some degree of
periodontal destruction occurred in greater than 90% of T2D
patients, aged 30-65 years (4).

1.2 Type Il diabetes

Diabetes mellitus (DM) encompasses metabolic disorders
characterized by elevated blood glucose levels, known as
hyperglycemia. Type 2 diabetes (T2D), accounting for 90%-
95% of DM cases,
impaired insulin action (insulin resistance), or both (5, 6).

involves insufficient insulin secretion,
Insulin resistance reduces cells’ responsiveness to insulin,
leading to chronic hyperglycemia and metabolic dysregulation
in T2D (7). Long-term, T2D can lead to organ damage due to
diabetes complications (8). PD is recognized to be the 6th
complication of diabetes (9). Like periodontitis epidemiology,
T2D prevalence is higher among Hispanic individuals living in
the United States. Specifically, T2D prevalence in Hispanic
adults is approximately 80% higher than non-Hispanic white
adults in the US (10).

1.3 Type Il diabetes and periodontal disease
risk factors

Along with commonly appearing as comorbid conditions, T2D
and PD also have similar risk factors (11). Increased risks for T2D
and PD are thought to be influenced by factors such as household
). Other
factors associated with these conditions are smoking, genetics,
). While, unhealthy
dietary choices are also established as a key factor in the etiology

income, healthcare accessibility, and food insecurity (12—
race/ethnicity, and physical activity (11, 19-

and treatment of T2D, there is currently a distinct gap in
research regarding the effects of dietary choices on PD.

The National Health and Nutrition Examination Survey
(NHANES) data from 2009 to 2014 has suggested that eating
more fruit and vegetables with water or tea may result in less
periodontitis (2). While this recommendation aligns well with
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the 2020-2025 Dietary Guidelines for Americans, a stronger
understanding of the role that dietary choices may play in
preventing or managing PD may offer a frontline treatment to
improve oral health. Once PD is diagnosed, treatment can
become complex and dietary recommendations are not clear.
individuals with T2D
challenging due to the patients being hyperglycemic and in a

Periodontal treatment in is rather
hyperinflammatory state. Consuming less refined carbohydrate
may improve T2D symptoms, but the association between
overall dietary choices on PD prevalence and treatment
outcomes is not well established. Our primary objective was to
examine the association between dietary choices and PD. Our
secondary objective was to examine the association between
dietary choices and glucose control among Hispanic adults
diagnosed with T2D.

2.1 Study population

Data were extracted and analyzed from the cross-sectional
study titled “Lipid-Lowering agents use in Periodontitis and
Diabetes Study” (6). Participants were recruited from three
primary sources (see ): the Puerto Rico Center for
Diabetes (PRCD) (50%), the general population (45%), including
7% from the San Juan Overweight Adults Longitudinal Study
(SOALS), and COSSMA, a private decentralized healthcare
organization in Puerto Rico (5%). The Inclusion criteria included:
(a) age 40-65 years.; (b) had a minimum of four natural teeth to
obtain an accurate periodontal measurement; (c) diagnosed with
T2D by a physician, based on their medications, or through
fasting blood glucose and glycosylated hemoglobin A1C (HbAlc)
levels (See description below). The exclusion criteria included:
(a) orthodontic appliances or significant oral pathology that
could interfere with periodontal measurements; (b) orthodontic
that
periodontal measurements; (c) regularly use of antibiotics,

appliances or gross oral pathology might impair

immunosuppressants, steroids, or anti-inflammatory drugs
(except aspirin at doses of <150 mg/day) before the screening;
(d) took any medication known to affect periodontal health for
two weeks or longer within one month preceding the clinical
oral examination; (e) reported to have systemic inflammatory
health or other health conditions, including heart disease,
hemophilia or any bleeding disorders; (f) previously been
diagnosed with congenital or chronic heart diseases, endocarditis,
or rheumatic fever; (g) were undergoing active dialysis treatment;
or (h) had undergone cardiovascular disease (CVD) procedures,
such as pacemaker or defibrillator implantation, or surgeries
involving prosthetic materials on the heart or vessels (e.g., stent
placement). Additional exclusion criteria are further described

elsewhere (25).

2.1.1 Ascertainment of diabetes status
Participants meeting initial eligibility criteria in pre-clinical
phone call screening and providing verbal consent were


https://doi.org/10.3389/froh.2025.1468995
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

Smith et al.

10.3389/froh.2025.1468995

Call for screening N= 2236

General population
o SOALS! (n=134)
e PRCTRC? data registry (n=100)
e Others' (n=150)

PRCD (n=1520)

COSSMA'T (n=332)

A4 \

~\
Not screened (N= 1641)
________________ (Ineligible for the study, unreachable, moved to the
US or incomplete screening)
\4 J
\
Screened | >(Not enrolled in the study (n=328)
N=595 . C
e incomplete visit (n=117)

(No visit after confirmation, overlap with work
hours, not interested, COVID-19 lockdown)
e ineligible (n=211)

Eligible, complete visit (N=267)
-General Population(n=120)
-PRCD* (n=135) =P
-COSSMA™ (n=12)

Removed from the study (n=7)
e visited more than once (n=4)
e SOALS’* participant without type 2 diabetes (n=1)

J
N

Exposure: Food frequency
questionnaire N= 238

FIGURE 1

e Jost data (n=2
[ L (n=2) y
Eligible, ci)mplete visit B e Missing periodontal status values (n=3)
N=260
i Missing values on key variables (n=19)
Perli)dontal Glucose control ) ¢ Food frequency questionnaire (n=19)
outcome outcome (included: 1 waist circumference;
N=257 N=260

Diagram of LLIPDS's participants recruitment: April 26, 2017—-March 9, 2020 (N = 260). fLLIPDS, lipid-lowering agents use in periodontitis and diabetes
study; SOALS, San Juan overweigh adults longitudinal study; "PRCTRC, Puerto Rico clinical and translational research consortium; YOthers, e.q.,
participants’ responses to the advertisements, words of mouths, etc; *PRCD, Puerto Rico center for diabetes; TCOSSMA, Inc.: A non-profit
organization based in Humacao, Puerto Rico with six primary healthcare clinics serving the population throughout Puerto Rico Island

1 smoking status; 2 lipid lowering-agents,
LLA, use)

/

scheduled for a clinical examination, where they needed to
bring documentation, such as physicians’ notes, lab results, or
diabetes medication labels to confirm their T2D status.
SOALS participants with suspected T2D had glycated
hemoglobin (HbAlc) >6.5% or
>126 mg/dl (26, 27).

fasting blood glucose
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2.2 Study procedures

All eligible participants from the pre-clinical screening were
scheduled for
consent, signed by all participants, was obtained prior to

the clinical examination. Written informed

conducting any study procedures. The study protocol was
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approved by the Institutional Review Board of the University of
Puerto Rico (IRB # B0930116) and adhered to the principles of
the Helsinki Declaration of 1975, as revised in 2013 (25).

2.3 Food choices assessment and
classification

Dietary habits were measured using a food frequency
questionnaire where subjects answered questions about how often
they consumed certain foods weekly throughout the past year.
There were sixteen different categories of foods. The food
frequency options participants were able to select ranged from
“less than once per week” to “3 + times per day”, and there were
seven options to choose from in total (See

). The questionnaire was designed to assess breakfast,
lunch, dinner, and snacks, as well as dining out to ensure the
most representative dietary history data of the participants. Food
choices were, then, categorized as “healthy” vs. “unhealthy” based
on typical health outcomes associated with the corresponding
food. Foods categorized as “healthy” included fruits, vegetables,
grains, nuts, oats, seeds, and fish. Foods categorized as
“unhealthy” included fast food products, chips, desserts (pastries,
cakes, cookies, chocolates, etc.), rice and beans cooked with salt
and a touch of oil, often sautéed with bacon and seasoned with
“sazon”, mofongo, fatty meats, and fried foods.

2.4 Periodontal primary outcome

The primary outcome of periodontal status was determined by
probing pocket depth (PPD) and bleeding on probing (BOP) at the
same tooth. These examinations were done by trained dental
professionals at the time of the assessment during the LLIPDS
study (28). PPD was measured at six sites per tooth except for
the third molars. PPD was measured from the gingival margin to
the bottom of the pocket using a periodontal probe. Bleeding on
probing was recorded at two of the six sites where PPD
measurements were taken, one on the buccal side and one on the
More  detailed
assessment is provided elsewhere (25).

lingual side. information on periodontal

2.5 Glucose control secondary outcome

The fasting serum glucose and glycosylated hemoglobin
(HbA1c%) were measured (29), and HbAlc levels were assessed
using a latex immunoagglutination inhibition method with
monoclonal antibodies, utilizing a Siemens Kit for DCA 2000
and DCA Vantage Analyzer. An HbAlc measurement was
considered uncontrolled if it exceeded >7% (27, 28).

2.6 Other available data

The LLIPDS questionnaire document from the original study
(7) provides a detailed account of all collected data. In addition
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to information obtained through the food

questionnaire, we extracted data on age, gender, educational level

frequency

(<12 years vs. >12 years), smoking status (never, former, or
current), alcohol consumption (abstainer, former, or current),
exercise habits (yes/no), duration of diabetes (years), and
comprehensive details of current medication use, all gathered at
the time of examination. Anthropometric measurements
including waist circumference, height, and weight were recorded
to the nearest 0.1 cm or 0.1 kg, and body mass index (BMI) was
calculated using weight (in kg) divided by the square of height
(in meters). Three blood pressure readings were averaged, and
fasting serum insulin and lipid panel measurements were also
recorded (29). Oral hygiene status was assessed using the mean
) and self-

), while the number

plaque index (30) measured at six Ramfjord teeth (
reported daily tooth brushing frequency (

of missing teeth was also documented.

2.7 Statistical analysis

The independent variable, Healthy Eating Score, was calculated
by subtracting the mean unhealthy food consumption from the
mean healthy food consumption. A positive result indicated
higher consumption of healthy food, while a negative result
indicated higher consumption of unhealthy food. The primary
outcome was defined as the number of teeth with PPD >4 mm
and BOP at the same tooth, while the secondary outcome was
the presence of uncontrolled glucose levels. A summary of the
study population’s general characteristics was given. The variables
were presented as mean (+ standard deviation), median (25th,
75th percentiles), or frequency (percent), as appropriate. We
examined correlations between covariates, ensuring no highly
correlated covariates were included in the same model. We used
linear regression models adjusted for age, gender, educational
level, smoking status, alcohol consumption, BMI, plaque index,
HbAlc, and total cholesterol to estimate the association between
food choices and PD, and logistic regression (same model
adjustment factors, except PD, replaced hblc) to estimate glucose
control. Crude and adjusted B coefficient or odds ratio (OR),
95% CI, and p-value were provided.

In total, 2,236 participants were called for screening, but only
595 individuals were screened. The remaining 1,641 participants
were either ineligible, unreachable, provided an incomplete
). Of the 595
screened, 117 had incomplete visit for various reasons (e.g., not

screening, or moved out of the country (

show up for the visit, visit overlapped with work hours, not
interested, COVID-19 lockdown), and 211 were ineligible. Out of
the 267 eligible participants who completed the visit, 7 were later
excluded from the study due to protocol deviations (e.g., multiple
visits, T1D), leaving 260 participants with glucose control
outcome data. Additionally, 3 participants were excluded from
the periodontal outcome analysis due to missing periodontal
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data, resulting in a sample size of 257. Nineteen participants
were further excluded from the statistical analysis due to
missing data on key variables, particularly the variable for
food frequency consumption.

The general distribution of the Healthy Eating Score,
periodontal parameters, and glucose control are described in
Table 1. The mean Healthy Eating Score was 0.4 + 6.6. The mean
and median values of number of teeth with PPD >4 mm and
BOP at the same tooth were 2.9+4.6 and 1(0,3) teeth,
(%) with
uncontrolled HbAlc determined by levels greater than or equal
to 7% was 170 (64.2%) (Table 1).

The general characteristics of Hispanic adults with T2D,

respectively. The total number of participants

stratified by periodontal status, are summarized in Table 2.
Participants with at least one tooth affected by PPD >4 mm and
BOP at the same tooth were more likely to be male (51.7% vs.
34.0%, p<0.01), had a lower education level (41.7% vs. 25.5%,
p<0.01), exhibited higher mean HbAlc (83% 2.1 wvs.
7.7% + 1.8, p=0.02), and showed a higher mean plaque index
(1.1+£0.6 vs. 0.9+0.5, p<0.01), indicating poorer oral hygiene
compared to those without any tooth with PPD>4 mm and
BOP at the same tooth. Interestingly, those with poorer
periodontal outcomes reported slightly worse food choices
(median Healthy Eating Score of —0.7 vs. 2.1, p=0.03) compared
to those without affected teeth.

Notably, though not statistically significant, a higher frequency
of dental flossing (40.9% vs. 35.9%) and more frequent dental visits
in the past year (36.2% vs. 26.4%) suggested better oral health
behaviors among participants with poorer periodontal outcomes
compared to those without affected teeth. These behaviors might
have reflected an adaptive response to the severity of their
periodontal condition, as observed in previous research using the
same dataset (14).

Variables such as age, smoking status, alcohol consumption,
BM]I, total cholesterol, HDL levels, diabetes duration, use of anti-
inflammatory agents, and oral health behaviors, such as
frequency of tooth brushing, did not show significant differences
between groups.

Table 3 displays the general characteristics of Hispanic adults
with
were younger

with T2D based on glucose control.

(HbAlc

Participants

uncontrolled  glucose levels >7%)

TABLE 1 Distribution of healthy eating score in the last 12 months prior to
the dental visit (N = 238) exposure, and number of teeth with PPD >4 mm
and BOP (N = 257) and uncontrolled HbAlc (N = 260) outcomes.

Mean + SD
Median (g1, g3)
Range (min,
max), or
N (%)
Mean: 0.4 +6.6
Median: 0.5 (—3.9, 4.5)
Range (-17.5, 22.1)
Mean: 2.9 +4.6
Median: 1 (0,3)
Range (0,23)

170 (64.2%)

Exposure or outcome

Healthy eating score:

Mean weekly heathy food consumption—mean weekly
unhealthy food consumption

Number of teeth with PPD >4 mm and BOP at the

same tooth

Uncontrolled HbAlc (>7%)

Frontiers in Oral Health
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(53.8+ 6.0 vs. 55.6 £ 5.7 years, p=0.02), more likely to be current
or former smokers (current: 13.6% vs. 6.7%; former: 28.4% vs.
16.7%, p=0.01), had higher total cholesterol (179.4+47.4 vs.
168.4 +35.9 mg/dl, p=0.06), and lower high-density lipoprotein
cholesterol levels (45.8+13.2 vs. 49.5+13.4mg/dl, p=0.03).
They also had a longer duration of diabetes (11.6+7.6 vs.
94+8.1 years, p=0.041) compared with
controlled glucose (HbAlc levels <7%).

Notably, the mean Healthy Eating Score was significantly lower

to participants

in the uncontrolled glucose group (median: —0.5 vs. 1.9, p = 0.04).
Additionally, participants with worse glucose control had fewer
missing teeth (2.3+2.7 vs. 2.6 +3.1 teeth, p=0.01) but tended to
have a greater number of teeth with PPD >4 mm and BOP
(median: 1 vs. 0 tooth, p=0.06), though this latter finding was
borderline significant compared to the controlled glucose group.

Interestingly, though not statistically significant, participants
with worse glucose control reported more frequent dental visits
(33.3% vs. 30.0%) and flossing (42.9% vs. 32.2%) compared to
those with controlled glucose, possibly as a response to
discomfort from their periodontal condition.

Insignificant results were found in this analysis with the
following variables: male gender, education, alcohol status,
hypertension, BMI, LLA use and duration, anti-inflammatory
agent use, mean plaque index, frequency of tooth brushing,
bleeding on probing percentage, and exercise.

Table 4 (See also Supplementary Figure S2) displays the
Regression coefficient (B, SE) for the association between Healthy
Eating Score and the natural logarithm of the number of teeth
with PPD >4 mm and BOP at the same tooth + 1. The Healthy
Eating Score showed an adjusted B of —0.02 (SE=0.01, 95%
interval (CI) of —0.04 to —0.001 (p=0.035),
indicating a small but significant association between healthier

confidence

eating and better periodontal outcomes. For gender, the adjusted
regression coefficient was 0.28 (SE=0.13, 95% CI. —0.53 to
—0.03, p=0.026), suggesting that being male is significantly
associated with more negative periodontal outcomes. Education
level showed an adjusted B of —0.42 (SE =0.13, 95% CI: —0.67 to
—0.17, p=0.001), indicating that lower education is associated
with worse periodontal health. Higher plaque index values were
significantly associated with worse periodontal outcomes, with an
adjusted B of 0.32 (SE=0.11, 95% CI: 0.09-0.54, p =0.006). Age,
smoking status, alcohol status, BMI, and HbAlc did not show
significant associations in this analysis.

Figure 2 (see also Supplementary Table S1) displays the Odds
Ratios (ORs) with 95% confidence intervals (CIs) for the
association between Healthy Eating Score and uncontrolled
glucose (HbAlc). The Healthy Eating Score showed an adjusted
OR of 0.94 (95% CI: 0.89-0.98, p=0.007), indicating that each
one-unit increase in the Healthy Eating Score (i.e., healthier food
choices) is associated with a 6% higher likelihood of better
glucose control in Hispanic adults with T2D. Age showed an
adjusted OR of 0.94 (95% CI: 0.90-0.99, p =0.016), suggesting a
slight decrease in the odds of uncontrolled glucose with
increasing age. Total cholesterol levels had an adjusted OR of
1.01 (95% CIL 1.00-1.02, p=0.019), indicating a small but
significant association with worse glucose control as cholesterol
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TABLE 2 General characteristics of Hispanic adults with type 2 diabetes by periodontal status, N = 257.

Characteristic

n =106 (41.25%)

Mean + SD, Median
(gL, g3), N (%)

No tooth with PPD >4 mm and
BOP (i.e..<1 median)

>1 tooth with PPD >4 mm
and BOP (i.e., > 1 median)
n =151 (58.75%)

Mean + SD, Median
(9L, g3). N (%)

Age (years) 54.3+58 54.5+6.1 0.784
Male gender 36 (34.0) 78 (51.7) 0.005
Education (<12 years) 27 (25.5) 63 (41.7) 0.007
Smoking status 0.349
Never 72 (68.6) 92 (60.9)

Former 21 (20.0) 42 (27.8)

Current 12 (11.4) 17 (11.3)

Alcohol drinking (Current)® 42 (39.6) 67 (45.3) 0.370
Hypertension (yes) 72 (67.9) 99 (65.6) 0.693
BMI (kg/mz) 345+94 354+11.5 0.571
HbAlc (%) 7.7+18 83+21 0.015
Total-Cholesterol (mg/dl) 173.8 +43.0 177.5+44.7 0.510
HDL-Cholesterol (mg/dl)b 484 +133 46.1+13.4 0.189
Diabetes duration (years)® 9.9+6.9 115+84 0.121
Taking Metformin medication 43 (40.6) 84 (55.6) 0.017
LLA current users (yes)® 58 (54.7) 78 (51.7) 0.628
LLA duration of use (years)* 0.3 (0, 3) 0.1 (0,5) 0.169
Anti-inflammatory agents (yes)® 9 (8.5) 8 (5.3) 0.311
Mean Plaque index® 0.9+0.5 1.1£0.6 0.004
Tooth brushing (>twice/day) 19 (17.9) 26 (17.5) 0.922
Dental flossing (>1 a day) 38 (35.9) 61 (40.9) 0.411
Dental visits (>1 in the past year) 28 (26.4) 54 (36.2) 0.098
Missing teeth 26+3.4 22+24 0.815
Diet habits 2.1 (3.5, 6.3) —0.7 (—4.5, 4.0) 0.030
Exercise (yes)® 32 (30.5) 46 (30.7) 0.974

“Missing values, diabetes duration 11, alcohol consumption 2; plaque index 7, exercise 2; PHDL-cholesterol, high-density lipoprotein-cholesterol; “LLA, lipid-lowering agents.

P-values in bolds are statistically significant (p <0.05).

levels increase. Frequency of dental floss had an adjusted OR of
1.89 (1.01-3.54, p=0.047). The following variables were not
significantly associated with glucose control in this analysis:
gender, educational level, smoking status, alcohol consumption,
BM]I, and the number of teeth with PPD >4 mm and BOP.

4 Discussion

We found that self-reported food choices categorized as
healthier food consumption, compared to unhealthy food
consumption, was associated with reduced periodontal
inflammation and better glucose control in Hispanic adults with
T2D. A healthy diet is known to play a role in preventing or
alleviating symptoms of many human diseases. Few studies have
assessed diet as a whole regarding its impact on PD progression.
Zare et al. conducted a study that demonstrated that Omega-3
Fatty Acid enriched cranberry juice decreased periodontal
inflammation, appearance, and glycated hemoglobin levels in
patients with T2D. Polyphenolic compounds are found in
cranberry extracts, which have shown positive impacts on human
health (32). In their study, all cases of periodontitis were scored

as less severe following the cranberry juice and/or cranberry juice

Frontiers in Oral Health

enriched with Omega-3 FAs (32). This is one of the very few
studies available that analyze dietary effects on PD, however it
only examined the effects of cranberry juice and Omega-3 FAs
instead of overall diet in patients with T2D.

Although the study was not specifically conducted on a diabetic
population, Altun et al, studied dietary patterns from 6,209
participants in the Hamburg City Health Study (HCHS). The
authors revealed that greater adherence to the ‘Dietary
Approaches to Stop Hypertension (DASH) or Mediterranean diet
is associated with a lower likelihood of PD (33), as classified by
the CDC/AAP definition (34). The DASH diet is a well-
established therapeutic diet consisting of fruits, vegetables, and
low-fat dairy products.

The National Cancer Institute’s diet survey, completed by 923
participants using a validated diet history questionnaire, found no
link between overall diet quality [measured by Alternative
Healthy Eating Index (AHEI) scores and A Prior Diet Quality
Scores (APDQS)] and periodontal parameters, such as mean
PPD, mean CAL, and periodontitis (35). However, better
adherence to APDQS was associated with reduced percent of
with BOP (%BOP) (36).
consumption was associated with lower mean probing depth
(MPD) (p=0.03) and reduced periodontitis, whereas increased

sites Specifically, higher nut
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TABLE 3 General characteristics of Hispanic adults with type 2 diabetes by
glucose control, N = 260.

Characteristic HbAlc<7% HbAlc >7% p-value
n =90 (34.6%) n=170
(65.4%)
Mean + SD, Mean + SD,
Median Median
(g1, g3). N (%) (g1, g3). N (%)
Age (years) 55.6+5.7 53.8+6.0 0.023
Male gender 36 (40.0) 81 (47.7) 0.238
Education (<12 years) 30 (33.3) 60 (35.3) 0.752
Smoking status 0.011
Never 69 (76.7) 98 (58.0)
Former 15 (16.7) 48 (28.4)
Current 6 (6.7) 23 (13.6)
Alcohol drinking 34 (38.2) 76 (45.2) 0.278
(Current)*
Hypertension (yes) 61 (67.8) 111 (65.3) 0.687
BMI (kg/m?) 362+12.3 343+96 0.179
Taking Metformin 48 (53.3) 79 (46.5) 0.292
medication
Total-cholesterol (mg/dl) 168.4 +35.9 1794 +47.4 0.056
HDL-cholesterol (mg/dl)b 495+ 134 458 +13.2 0.033
Diabetes duration 9.4+8.1 11.6+7.6 0.041
(years)®
LLA current users (yes) 44 (48.9) 93 (54.7) 0.371
LLA duration of use 0 (0, 3) 0.2 (0, 4.7) 0.601
(years)®
Anti-inflammatory agents 8 (8.9) 9 (5.3) 0.265
(yes)*
Mean Plaque index® 1.0+0.5 1.1+£0.6 0.350
Tooth brushing 21 (23.3) 25 (14.9) 0.091
(>twice/day)
Dental flossing (>1 a day) 29 (32.2) 72 (42.9) 0.095
Dental visits (>1 in the 27 (30.0) 56 (33.3) 0.585
past year)
Teeth with PPD >4 mm 0 (0,3) 1 (0,4) 0.060
and BOP (n)
Missing teeth 26+3.1 2327 0.011
Bleeding on probing (%) 22.7+119 221+122 0.910
Healthy eating score 1.9 (—3.5, 4.6) —0.5 (4.2, 44) 0.042
Exercise (yes)® 32 (36.0) 47 (27.8) 0.177

“Missing values, diabetes duration 11, alcohol consumption 2; plaque index 7, exercise 2;
"HDL-cholesterol, High-density lipoprotein-cholesterol; “LLA, lipid-lowering agents.
P-values in bold are statistically significant (p < 0.05).

10.3389/froh.2025.1468995

red meat intake correlated with higher MPD (p =0.01). Both red
meat and trans-fatty acid consumption were associated with
higher % BOP (p=0.05).

A systematic review and meta-analysis of previous clinical trials
assessing the effects of specific foods or nutrients indicated
moderate positive effects of green tea on gingivitis and
periodontitis (37). Additionally, a randomized controlled, four-
week pilot study suggested that a diet low in carbohydrates but
rich in omega-3 fatty acids, vitamin C and D, antioxidants, and
fibers could reduce both gingivitis and periodontitis (38).

On the other hand, previous research has shown that unhealthy
dietary patterns worsen T2D markers and increases uncontrolled
glucose levels (39-44). Our data on Hispanic adults with T2D
supports this, demonstrating that both PD and T2D share similar
their
comorbidity. Moreover, uncontrolled glucose was significantly

risk factors, including dietary factors, confirming
higher in those who had more severe periodontal assessments
(Table 2), or vice versa though the latter association is borderline
statistically significant (Table 3), suggesting a connection between
the two outcomes. In a small-scale randomized clinical trial
involving 30 individuals with T2D, participants were assigned to
a strict T2D diet in either a test group following an Okinawan-
based Nordic diet (OBND) or a control group receiving standard
hospital care over one month. The results showed a reduction in
serum HbAlc and BOP scores with no significant differences
between the groups (45).

Dietary factors are pivotal in the pathogenesis of both PD and
T2D, largely due to their impact on inflammation. Mechanistically,
oxidative stress, a key regulator of inflammation, is influenced by
dietary patterns and infections (46). Diets abundant in complex
carbohydrates are typically beneficial, while those high in refined
carbohydrates can contribute to chronic inflammation (46-48).
Specifically, high-calorie diets featuring refined and processed
foods with elevated postprandial levels of glucose and lipids lead
to an imbalance where reactive oxygen species (ROS) production
surpasses endogenous antioxidant resulting in
oxidative stress (46, 47, 49, 50).

The small-scale randomized clinical trial comparing the
Okinawan-based Nordic diet (OBND) with standard hospital
care over one month, as described above, revealed that serum

capabilities,

TABLE 4 Regression coefficient (B, SE) for the association of healthy eating score with number of teeth with PPD >4 mm and BOP at the same tooth.

Independent variable and covariates

B (SE)

Crude
95% ClI

Adjusted?®

P-value B (SE) 95% ClI P-value

Healthy Eating Score —0.03 (0.01) (—=0.05; —0.01) 0.009 —0.02 (0.01) (—0.04; —0.001) 0.035
Age —0.01 (0.01) (=0.03; 0.01) 0.504
Gender —0.28 (0.13) (=0.53; —0.03) 0.026
Educational level —0.42 (0.13) (—0.67; —0.17) 0.001
Smoking Status —0.13 (0.22) (=0.57; 0.31) 0.566
Alcohol Status —0.06 (0.12) (=0.29; 0.18) 0.638
BMI 0.001 (0.004) (—0.01; 0.01) 0.749
Mean plaque Index 0.32 (0.11) (0.09; 0.54) 0.006
HbAlc —0.01 (0.03) (=0.07; 0.05) 0.736

P-values in bold are statistically significant (p < 0.05).

“Linear regression models (with robust SE) adjusted for age, gender, educational level, smoking status, alcohol consumption, BMI, plaque index, and HbAlc.
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1.89 (1.01:3.54) Dental flossing A —_— p=0.047
0.98 (0.92; 1.05) Teeth with PD = 4mm & BOP- -
1.00 (1.00; 1.02) Total-Cholesterol+ . p=0.019
0.99 (0.97: 1.02) BMIH .
1.26 (0.69: 2.31) Alcohol consumption{ ————
1.80 (0.65: 4.97) Smoking status{ - .
0.98 (0.53; 1.81) Educational level{ ———
1.39 (0.75:2.57) Gender (Male)q  ——
0.94 (0.90: 0.99) Age - p=0.016
0.94 (0.89: 0.98) Healthy Eating Score- - p=0.007
o 1 2 3 4 5 8
Odds Ratio (95%CI)
FIGURE 2
Odds ratio (95%Cl) for the association of healthy eating score with uncontrolled glucose (HbAlc).

levels of inflammatory markers—including IFN-y (interferon
gamma), Eotaxin, IL-9 (interleukin-9), IL-17A, IP-10 (interferon-
protein-10), MCP-1 (monocyte
protein-1), and PDGF-BB (platelet-derived growth factor
subunit B)—decreased only in the OBND group (45). In
addition, data from the NHANES showed a link between dietary
inflammatory index (DII) scores, used to measure diet-related

inducible chemoattractant

inflammation, and periodontal parameters, such as mean PPD
and mean CAL. Furthermore, the association between these
metrics and systemic inflammatory markers—white blood cells
mediated by DII (51),
suggesting that an inflammatory diet may play a role in

and segmented neutrophils—was
PD development.

In fact, our recent findings from the same current database
suggested cholesterol-lowering agents use (LLA) within 1-4 years
or taking high intensity statins to be associated with lower level
of periodontal parameters among participants with T2D (25, 52).
In addition, LLA use within 1-4 years or high-intensity statins
correspondently related to lower serum level of soluble vascular
(sVCAM-1)
crevicular fluid (GCF) levels of IL-lo, soluble intercellular
adhesion molecule-1 (SICAM-1), or sVCAM-1 among those
participants (52, 53). Also, our previous findings from a

cell adhesion molecule-1 and lower gingival

longitudinal study has demonstrated moderate or high level of
high-density lipoprotein-Cholesterol (HDL-C) to significantly
reduce the risk of PD development among overweight or obese
Hispanic individuals (54).

In addition to well-established diets such as the Mediterranean,
DASH, vegetarian, and Okinawa diets, which are known to reduce
the risk of chronic diseases like T2D (55-60), the emerging
planetary health diet, which focuses on promoting sustainable
and nutritious food choices, may also benefit both PD and T2D

Frontiers in Oral Health

(61). This diet emphasizes environmentally friendly foods that
support human health, with evidence linking plant-based diets
and reduced processed food consumption to improved health
outcomes (62, 63). Integrating this approach into dietary
recommendations could not only improve both oral and systemic
health but also contribute to environmental sustainability (64).

Beyond our findings, broader perspectives on the connection
between dietary habits, PD, and T2D should be considered.
Recent studies suggest that nutrition is a shared risk factor for
both periodontal and chronic diseases, with poor nutrition
potentially influencing periodontal health early in life and
contributing to the later development of chronic conditions like
T2D (60). This highlights that changes in periodontal health,
particularly in early life, may serve as an early warning sign,
signaling the need for improved dietary quality to reduce the risk
of developing T2D or other CVD later in life.

Our study highlights the role of health behaviors, such as diet,
in the prevalence of PD among individuals with T2D. Male gender,
lower education level, and a higher mean plaque index were also
independently associated with higher PD. Previous studies
suggest that men and those with lower education levels tend to
engage in poorer health behaviors and are more prone to chronic
diseases (28, 65), which aligns with our findings, and has been
observed in PD studies (14, 25, 28, 66, 67). Dental plaque may
reflect oral hygiene status, with our previous studies linking a
higher plaque index to worse periodontal parameters (25, 66).
Moreover, supragingival plaque has been reported to serve as a
reservoir for putative periodontal pathogens, potentially
facilitating their spread to subgingival sites (67). These pathogens
are recognized as key risk factors for PD (68).

Notably, participants with poorer glucose control (higher

HbAlc) exhibited paradoxical health behaviors—such as more
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frequent dental visits and flossing—likely due to the discomfort
from PD. This might reflect an adaptation to the severity of their
that while
healthier dietary habits and older age were associated with better

condition. Our multivariable analysis revealed
glucose control, higher cholesterol and increased dental flossing
frequency were linked to worse control. These findings suggest a
potential bidirectional relationship between oral health and
diabetes management.

Despite its cross-sectional design, our model highlights the
significant role of diet in PD and glucose control, independent of
factors such as age, gender, education, and others. It also
underscores the influence of socioeconomic status (SES) and
health awareness on oral and metabolic health, suggesting that
diet, SES, and other behavioral factors collectively impact
outcomes. Future studies should explore additional factors,
including detailed assessments of physical activity and other
health behaviors, to better understand these complex interactions.

To the best of our knowledge, this study is the first to examine the
potential association between dietary habits and PD among Hispanics
with T2D. It is also the second study, following the small-scale OBND
clinical trial mentioned earlier, to investigate the diet as a risk factor
for both PD and glucose control in T2D, highlighting their common
dietary risk factor in comorbid conditions.

We utilized a concise 16-item FFQ to gather dietary habit data
from participants over the year preceding their visit. Since this was
a post-study classification, participants could not falsely report
food consumption information at the time of the assessment. The
FFQ focused on estimating the frequency of consumption rather
than quantifying precise food amounts, which could introduce
significant measurement errors given the variability over a year.
However, it effectively captured dietary patterns and potential
correlations between food groups, offering insights into dietary
patterns that may relate to chronic metabolic conditions (69-73).

Our study generated reliable data on blood glucose and lipid
panel measurements, as well as comprehensive periodontal
assessments conducted according to the NHANES oral health
protocol (74). Additionally, we gathered extensive information on
factors potentially linked to periodontal health and glucose
regulation, which can be used to generate further hypotheses.
Our findings may offer valuable insights into public health
challenges specific to Hispanic individuals with T2D.

The limitations of the database used in this study are detailed
in previous publications (25, 66). Briefly, this study utilized a
non-probability convenience sample, which means the findings
cannot be generalized beyond the diabetic population residing in
Puerto Rico. However, an analysis of the main characteristics of
the study population by the source of participants (i.e., 50% from
PRCD, 45% from the general population, and 5% from
COSSMA), including age, gender, education, and smoking status,
revealed no significant differences.

Recall bias may have occurred in the collection of dietary habits
and other potential confounding factors, such as medication use,
dosages, and duration, from interview-based questionnaires. To
mitigate this, we utilized thorough but straightforward questions
designed to enhance participants’ recall without introducing bias
by clarifying the purpose of the questions.

Frontiers in
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The cross-sectional study design limits our ability to make
causal interpretations due to the temporal sequence issue.
Participants might have had elevated levels of the periodontal
primary outcome long before the dietary data were collected,
although this is less likely with the glucose control secondary
outcome. Given the limited scope of our data, we cannot
definitively determine the actual temporal sequence.

Our findings have significant public health implications at the
intersection of studies in promoting oral and metabolic health.
Choosing nutrient-dense foods that are also typically high in
antioxidants can assist in managing and preventing uncontrolled
glucose levels and simultaneously aid in the prevention or
management of PD, as both conditions are interrelated through
diet and inflammation. The oral cavity often reflects overall
health, and the presence of PD may indicate uncontrolled
glucose levels in individuals with T2D.

In summary, our cross-sectional study underscores the
healthier
periodontal inflammation, and improved glucose control among
Hispanics with T2D. While diet plays a key role in both
periodontal health and glucose control, other behavioral and

association between a dietary pattern, reduced

demographic factors, such as SES, gender, and health awareness,
likely have an even more significant impact. Our findings
highlight that future studies should explore these relationships
further, considering additional factors like physical activity and
other health behaviors,
development of targeted interventions.

which may further inform the
Given the potential interconnection between nutrition, chronic
disease prevention, and planetary health, future research should
also investigate the role of sustainable dietary patterns in
managing T2D and PD, particularly in underserved populations.
health
into

By addressing both individual and environmental

concerns, such studies may offer valuable insights
comprehensive, long-term health solutions.

To substantiate these findings, future research will require
extensive prospective studies with larger sample sizes and validated
dietary assessment tools tailored to the study population. While our
study’s cross-sectional design limits causal inference, it suggests that
a healthy diet may help prevent or manage PD in addition to
improving T2D outcomes, while routine oral hygiene remains
essential for controlling dental plaque biofilm. Moreover, our results
support the connection between T2D and PD, reinforcing the
influence of food choices on both conditions. Future intervention
studies aimed at modifying dietary patterns and behavioral factors
to enhance glycemic control may also foster improved oral health

and overall well-being within the Hispanic population.

The datasets presented in this article are not readily available
because the data and/or materials presented in this study are


https://doi.org/10.3389/froh.2025.1468995
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

Smith et al.

available on request from the co-author. The data is not publicly
available due to privacy and ethical restrictions. Requests to
access the datasets should be directed to Oelisoa M. Andriankaja,
oelisoa.andriankaja@uky.edu.

Ethics statement

The studies involving humans were approved by Institutional
Review Board of the University of Puerto Rico (IRB # B0930116).
The studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study.

Author contributions

HS: Validation, Writing — original draft, Writing — review &
editing. DT: Validation, Writing - original draft, Writing -
& GV-M:
administration, Validation, Writing - review & editing. LP:

review editing. Conceptualization,  Project
Validation, Writing - review & editing. MD: Conceptualization,
Methodology, Validation, Writing - review & editing. AS: Formal
Analysis, Methodology, Validation, Writing — review & editing.
LS: Methodology, Validation, Writing - review & editing. MS:
Validation,

Writing - review & editing. OA: Conceptualization, Data

Writing -

review & editing. KP: Validation,

curation, Formal Analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Supervision,
Validation, Writing - original draft, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was fully supported by the grant award K23 DE025313 (OMA)
from the National Institute of Dental and partially supported by
the grant award U54GM133807 from the National Institute of
General Medical Sciences (NIGMS) National Institute of Health,
which funds the Hispanic Alliance for Clinical and Translational
Research. The content is solely the responsibility of the authors
and does not necessarily represent the official views of the NIH.

Acknowledgments

The authors acknowledge the sponsors, the National Institute
of Dental and from the Craniofacial Research (NIDCR, K23

References

1. National Institute of Dental and Craniofacial Research. Periodontal (gum) Disease.
U.S. Department of Health and Human Services. Bethesda, MA: NIDCR (2023).
Available online at: https://www.nidcr.nih.gov/health-info/gum-disease (accessed
April 30, 2024)

Frontiers in Oral Health

10

10.3389/froh.2025.1468995

DE025313) and the National Institute of General Medical
Sciences (NIGMS, U54GM133807) National Institute of Health,
which funds the Hispanic Alliance for Clinical and Translational
Research. The authors also acknowledge the LLIPDS team (Dr.
Francisco Jiménez, Mr. Francisco Mufoz-Torres, Mr. Abdiel
Castillo, Ms. Claudia Diaz, Mr. Alexis Acevedo, Ms. Patricia
Serrano, and all who participated in the study), the Alliance
(formerly PRCTRC) personnel, who contributed to the conduct/
oversight/planning of data collection of the study (administrative
and regulatory affairs: Ms. Antonia Ortiz, Ms. Ivette Molina and
Ms. Adelma Rivera; nurses: Ms. Barbara Guzman, Ms. Sheyla
Garced, Ms. De Lima and Mr. Robert Pinder;
laboratory work: Mrs. Nilda Gonzalez and Ms. Carola Lopez-
Cepero). The authors also acknowledge the Puerto Rico Diabetes
Center, COSSMA, and all participants, who contributed to and
participated in the study. We acknowledge the use of generative
AT technology, OpenAl's ChatGPT (Version GPT-4), to assist
with language editing and refining responses to reviewers’
comments. We confirm that the final content was reviewed and
approved by all authors.

Ladimila

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/froh.2025.

1468995/full#supplementary-material

2. Eke PI, Thornton-Evans GO, Wei L, Borgnakke WS, Dye BA, Genco RJ.
Periodontitis in US adults: national health and nutrition examination survey
2009-2014. ] Am Dent Assoc. (2018) 149(7):576-88.¢6. doi: 10.1016/j.adaj.2018.
04.023

frontiersin.org


mailto:oelisoa.andriankaja@uky.edu
https://www.frontiersin.org/articles/10.3389/froh.2025.1468995/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/froh.2025.1468995/full#supplementary-material
https://www.nidcr.nih.gov/health-info/gum-disease
https://doi.org/10.1016/j.adaj.2018.04.023
https://doi.org/10.1016/j.adaj.2018.04.023
https://doi.org/10.3389/froh.2025.1468995
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

Smith et al.

3. Montero-Aguilar M, Munoz-Torres F, Elias-Boneta AR, Dye B, Joshipura KJ.
High levels of periodontal disease among the older adult population in San Juan,
Puerto Rico. Community Dent Health. (2012) 29(3):224-8. doi: 10.1922/CDH_
2746Joshipura05

4. Singh M, Bains VK, Jhingran R, Srivastava R, Madan R, Maurya SC, et al.
Prevalence of periodontal disease in type 2 diabetes mellitus patients: a cross-
sectional study. Contemp Clin Dent. (2019) 10(2):349-57. doi: 10.4103/ccd.ccd_648_18

5. Roden M, Shulman GI. The integrative biology of type 2 diabetes. Nature. (2019)
576(7785):51-60. doi: 10.1038/s41586-019-1797-8

6. Patlak M. New weapons to combat an ancient disease: treating diabetes. FASEB J.
(2002) 16(14):1853. doi: 10.1096/1j.02-0974bkt

7. Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, Siddiqi H, Uribe KB,
et al. Pathophysiology of type 2 diabetes mellitus. Int | Mol Sci. (2020) 21(17):6275.
doi: 10.3390/ijms21176275

8. Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2 diabetes
mellitus and its complications. Nat Rev Endocrinol. (2018) 14(2):88-98. doi: 10.
1038/nrendo.2017.151

9. Loe H. Periodontal disease. The sixth complication of diabetes mellitus. Diabetes
Care. (1993) 16(1):329-34. doi: 10.2337/diacare.16.1.329

10. Aguayo-Mazzucato C, Diaque P, Hernandez S, Rosas S, Kostic A, Caballero AE.
Understanding the growing epidemic of type 2 diabetes in the hispanic population
living in the United States. Diabetes Metab Res Rev. (2019) 35(2):e3097. doi: 10.
1002/dmrr.3097

11. Genco RJ, Borgnakke WS. Diabetes as a potential risk for periodontitis:
association studies. Periodontol 2000. (2020) 83(1):40-5. doi: 10.1111/prd.12270

12. Borrell LN, Crawford ND. Socioeconomic position indicators and periodontitis:
examining the evidence. Periodontol 2000. (2012) 58(1):69-83. doi: 10.1111/j.
1600-0757.2011.00416.x

13. Albandar JM. Disparities and social determinants of periodontal diseases.
Periodontol 2000. (2024). doi: 10.1111/prd.12547

14. Rivas-Agosto J, Camacho-Monclova DM, Vergara JL, Vivaldi-Oliver J, Andriankaja
OM. Disparities in periodontal diseases occurrence among hispanic population with type
2 diabetes: the LLIPDS study. EC Dental Science. (2021) 20(11):109-18.

15. Castillo DC, Ramsey NL, Yu SS, Ricks M, Courville AB, Sumner AE.
Inconsistent access to food and cardiometabolic disease: the effect of food
insecurity. Curr Cardiovasc Risk Rep. (2012) 6(3):245-50. doi: 10.1007/
s12170-012-0236-2

16. Yen FS, Wei JCC, Liu JS, Hwu CM, Hsu CC. Parental income level and risk of
developing type 2 diabetes in youth. JAMA Netw Open. (2023) 6(11):e2345812. doi: 10.
1001/jamanetworkopen.2023.45812

17. Carrillo-Balam G, Cantoral A, Rodriguez-Carmona Y, Christensen DL. Health-
care coverage and access to health care in the context of type 2 diabetes and
hypertension in rural Mexico: a systematic literature review. Public Health. (2020)
181:8-15. doi: 10.1016/j.puhe.2019.11.017

18. Vu GT, King C. Food insecurity and periodontitis in US adults. Community
Dent Health. (2024) 41(4):227-31. doi: 10.1922/CDH_00048Vu05

19. Cirelli T, Nicchio IG, Bussaneli DG, Silva BR, Nepomuceno R, Orrico SRP, et al.
Evidence linking PPARG genetic variants with periodontitis and type 2 diabetes
mellitus in a Brazilian population. Int J Mol Sci. (2023) 24(7):6760. doi: 10.3390/
ijms24076760

20. Codella R, Della Guardia L, Terruzzi I, Solini A, Folli F, Varoni EM, et al.
Physical activity as a proxy to ameliorate inflammation in patients with type 2
diabetes and periodontal disease at high cardiovascular risk. Nutr Metab Cardiovasc
Dis. (2021) 31(8):2199-209. doi: 10.1016/j.numecd.2021.04.022

21. Martin-Pelaez S, Fito M, Castaner O. Mediterranean Diet effects on type 2
diabetes prevention, disease progression, and related mechanisms. A review.
Nutrients. (2020) 12(8):2236. doi: 10.3390/nu12082236

22. Toi PL, Anothaisintawee T, Chaikledkaew U, Briones JR, Reutrakul S,
Thakkinstian A. Preventive role of diet interventions and dietary factors in type 2
diabetes mellitus: an umbrella review. Nutrients. (2020) 12(9):2722. doi: 10.3390/
nul2092722

23. Darby 1. Risk factors for periodontitis & peri-implantitis. Periodontol 2000.
(2022) 90(1):9-12. doi: 10.1111/prd.12447

24. Hujoel PP, Lingstrom P. Nutrition, dental caries and periodontal disease: a
narrative review. J Clin Periodontol. (2017) 44(Suppl 18):S79-84. doi: 10.1111/jcpe.
12672

25. Andriankaja O, Joshipura KJ, Levine MA, Ramirez-Vick M, Rivas-Agosto JA,
Duconge ]S, et al. Hispanic adults with type 2 diabetes mellitus using lipid-lowering
agents have better periodontal health than non-users. Ther Adv Chronic Dis. (2023)
14:1-21. doi: 10.1177/20406223231213252

26. Petersmann A, Muller-Wieland D, Muller UA, Landgraf R, Nauck M,
Freckmann G, et al. Definition, classification and diagnosis of diabetes mellitus. Exp
Clin Endocrinol Diabetes. (2019) 127(S 01):S1-7. doi: 10.1055/a-1018-9078

27. Goyal RS,M, Jialal I. Type 2 Diabetes. Treasure Island, FL: StatPearls Publishing
(2023).

Frontiers in Oral Health

1

10.3389/froh.2025.1468995

28. Llera-Fabregas A, Perez-Rios N, Camacho-Monclova DM, Ramirez-Vick M,
Andriankaja OM. Diabetes self-care activities and perception and glycemic control
in adult puerto rican residents with type 2 diabetes: the LLIPDS study. J Public
Health Res. (2022) 11(4):22799036221125337. doi: 10.1177/22799036221125337

29. Joshipura KJ, Andriankaja MO, Hu FB, Ritchie CS. Relative utility of 1-h oral
glucose tolerance test as a measure of abnormal glucose homeostasis. Diabetes Res
Clin Pract. (2011) 93(2):268-75. doi: 10.1016/j.diabres.2011.05.035

30. Silness J, Loe H. Periodontal disease in pregnancy. II. Correlation Between Oral
Hygiene and Periodontal Condtion. Acta Odontol Scand. (1964) 22:121-35. doi: 10.
3109/00016356408993968

31. Ramfjord S. The periodontal disease index (PDI). J Periodontology. (1967)
38:602-10. doi: 10.1902/jop.1967.38.6.602

32. Zare Javid A, Maghsoumi-Norouzabad L, Ashrafzadeh E, Yousefimanesh HA,
Zakerkish M, Ahmadi Angali K, et al. Impact of cranberry juice enriched with
Omega-3 fatty acids adjunct with nonsurgical periodontal treatment on metabolic
control and periodontal Status in type 2 patients with diabetes with periodontal
disease. ] Am Coll Nutr. (2018) 37(1):71-9. doi: 10.1080/07315724.2017.1357509

33. Altun E, Walther C, Borof K, Petersen E, Lieske B, Kasapoudis D, et al.
Association between dietary pattern and periodontitis-a cross-sectional study.
Nutrients. (2021) 13(11):4167. doi: 10.3390/nul13114167

34. Eke PI, Page RC, Wei L, Thornton-Evans G, Genco RJ. Update of the case
definitions for population-based surveillance of periodontitis. J Periodontol. (2012)
83(12):1449-54. doi: 10.1902/jop.2012.110664

35. Page RC, Eke PI. Case definitions for use in population-based surveillance of
periodontitis. ] Periodontol. (2007) 78(Suppl 7S):1387-99. doi: 10.1902/jop.2007.060264

36. DeMayo F, Molinsky R, Tahir MJ, Roy S, Genkinger JM, Papapanou PN, et al.
Diet quality and periodontal disease: results from the oral infections, glucose
intolerance and insulin resistance study (ORIGINS). ] Clin Periodontol. (2021)
48(5):638-47. doi: 10.1111/jcpe.13450

37. Mazur M, Ndokaj A, Jedlinski M, Ardan R, Bietolini S, Ottolenghi L. Impact of
green tea (Camellia Sinensis) on periodontitis and caries. Systematic review and meta-
analysis. Jpn Dent Sci Rev. (2021) 57:1-11. doi: 10.1016/j.jdsr.2020.11.003

38. Woelber JP, Bremer K, Vach K, Konig D, Hellwig E, Ratka-Kruger P, et al. An
oral health optimized diet can reduce gingival and periodontal inflammation in
humans—a randomized controlled pilot study. BMC Oral Health. (2016) 17(1):28.
doi: 10.1186/512903-016-0257-1

39. Antonio JP, Sarmento RA, de Almeida JC. Diet quality and glycemic control in
patients with type 2 diabetes. ] Acad Nutr Diet. (2019) 119(4):652-8. doi: 10.1016/j.
jand.2018.11.006

40. Bartels ECM, den Braver NR, Borgonjen-van den Berg K], Rutters F, van der
Heijden A, Beulens JW]. Adherence to the Dutch healthy diet index and change in
glycemic control and cardiometabolic markers in people with type 2 diabetes. Eur
J Nutr. (2022) 61(5):2761-73. doi: 10.1007/s00394-022-02847-6

41. Kollannoor-Samuel G, Chhabra ], Fernandez ML, Vega-Lopez S, Perez SS,
Damio G, et al. Determinants of fasting plasma glucose and glycosylated
hemoglobin among low income Latinos with poorly controlled type 2 diabetes.
J Immigr Minor Health. (2011) 13(5):809-17. doi: 10.1007/s10903-010-9428-3

42. Kollannoor-Samuel G, Shebl FM, Segura-Perez S, Chhabra J, Vega-Lopez S, Perez-
Escamilla R. Effects of food label use on diet quality and glycemic control among latinos
with type 2 diabetes in a community health worker-supported intervention. Am J Public
Health. (2016) 106(6):1059-66. doi: 10.2105/AJPH.2016.303091

43. Velazquez-Lopez L, Ponce-Martinez X, Colin-Ramirez E, Munoz-Torres AV,
Escobedo-de la Pena J. A dietary pattern high in full-fat dairy and sweetened
beverages is associated with glycated hemoglobin and weight in Mexican patients
with type-2 diabetes. Nutr Hosp. (2022) 39(1):53-62. doi: 10.20960/nh.03651

44. Vitale M, Calabrese I, Massimino E, Shivappa N, Hebert JR, Auciello S, et al.
Dietary inflammatory index score, glucose control and cardiovascular risk factors
profile in people with type 2 diabetes. Int ] Food Sci Nutr. (2021) 72(4):529-36.
doi: 10.1080/09637486.2020.1832054

45. Persson GR, Widen C, Wohlfart B, Sjoberg K, Steen S, Coleman MD, et al.
Impact of an okinawa/nordic based diet on endocrinological and periodontal
conditions in individuals with type 2 diabetes. A randomized case-control study.
BMC Oral Health. (2023) 23(1):544. doi: 10.1186/5s12903-023-03272-9

46. Chapple IL. Potential mechanisms underpinning the nutritional modulation of
periodontal inflammation. ] Am Dent Assoc. (2009) 140(2):178-84. doi: 10.14219/jada.
archive.2009.0131

47. O’Keefe JH, Gheewala NM, O’Keefe JO. Dietary strategies for improving post-
prandial glucose, lipids, inflammation, and cardiovascular health. ] Am Coll Cardiol.
(2008) 51(3):249-55. doi: 10.1016/j.jacc.2007.10.016

48. Mitrou PN, Kipnis V, Thiebaut AC, Reedy J, Subar AF, Wirfalt E, et al.
Mediterranean dietary pattern and prediction of all-cause mortality in a US
population: results from the NIH-AARP diet and health study. Arch Intern Med.
(2007) 167(22):2461-8. doi: 10.1001/archinte.167.22.2461

49. Weissman A, Lowenstein L, Peleg A, Thaler I, Zimmer EZ. Power spectral
analysis of heart rate variability during the 100-g oral glucose tolerance test in
pregnant women. Diabetes Care. (2006) 29(3):571-4. doi: 10.2337/diacare.29.03.06.
dc05-2009

frontiersin.org


https://doi.org/10.1922/CDH_2746Joshipura05
https://doi.org/10.1922/CDH_2746Joshipura05
https://doi.org/10.4103/ccd.ccd_648_18
https://doi.org/10.1038/s41586-�019-�1797-�8
https://doi.org/10.1096/fj.02-�0974bkt
https://doi.org/10.3390/ijms21176275
https://doi.org/10.1038/nrendo.2017.151
https://doi.org/10.1038/nrendo.2017.151
https://doi.org/10.2337/diacare.16.1.329
https://doi.org/10.1002/dmrr.3097
https://doi.org/10.1002/dmrr.3097
https://doi.org/10.1111/prd.12270
https://doi.org/10.1111/j.1600-�0757.2011.00416.x
https://doi.org/10.1111/j.1600-�0757.2011.00416.x
https://doi.org/10.1111/prd.12547
https://doi.org/10.1007/s12170-�012-�0236-�2
https://doi.org/10.1007/s12170-�012-�0236-�2
https://doi.org/10.1001/jamanetworkopen.2023.45812
https://doi.org/10.1001/jamanetworkopen.2023.45812
https://doi.org/10.1016/j.puhe.2019.11.017
https://doi.org/10.1922/CDH_00048Vu05
https://doi.org/10.3390/ijms24076760
https://doi.org/10.3390/ijms24076760
https://doi.org/10.1016/j.numecd.2021.04.022
https://doi.org/10.3390/nu12082236
https://doi.org/10.3390/nu12092722
https://doi.org/10.3390/nu12092722
https://doi.org/10.1111/prd.12447
https://doi.org/10.1111/jcpe.12672
https://doi.org/10.1111/jcpe.12672
https://doi.org/10.1177/20406223231213252
https://doi.org/10.1055/a-1018-�9078
https://doi.org/10.1177/22799036221125337
https://doi.org/10.1016/j.diabres.2011.05.035
https://doi.org/10.3109/00016356408993968
https://doi.org/10.3109/00016356408993968
https://doi.org/10.1902/jop.1967.38.6.602
https://doi.org/10.1080/07315724.2017.1357509
https://doi.org/10.3390/nu13114167
https://doi.org/10.1902/jop.2012.110664
https://doi.org/10.1902/jop.2007.060264
https://doi.org/10.1111/jcpe.13450
https://doi.org/10.1016/j.jdsr.2020.11.003
https://doi.org/10.1186/s12903-�016-�0257-�1
https://doi.org/10.1016/j.jand.2018.11.006
https://doi.org/10.1016/j.jand.2018.11.006
https://doi.org/10.1007/s00394-�022-�02847-�6
https://doi.org/10.1007/s10903-�010-�9428-�3
https://doi.org/10.2105/AJPH.2016.303091
https://doi.org/10.20960/nh.03651
https://doi.org/10.1080/09637486.2020.1832054
https://doi.org/10.1186/s12903-�023-�03272-�9
https://doi.org/10.14219/jada.archive.2009.0131
https://doi.org/10.14219/jada.archive.2009.0131
https://doi.org/10.1016/j.jacc.2007.10.016
https://doi.org/10.1001/archinte.167.22.2461
https://doi.org/10.2337/diacare.29.03.06.dc05-�2009
https://doi.org/10.2337/diacare.29.03.06.dc05-�2009
https://doi.org/10.3389/froh.2025.1468995
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

Smith et al.

50. O’Keefe JH, Bell DS. Postprandial hyperglycemia/hyperlipidemia (postprandial
dysmetabolism) is a cardiovascular risk factor. Am ] Cardiol. (2007)
100(5):899-904. doi: 10.1016/j.amjcard.2007.03.107

51. Machado V, Botelho J, Viana J, Pereira P, Lopes LB, Proenca L, et al. Association
between dietary inflammatory Index and periodontitis: a cross-sectional and
mediation analysis. Nutrients. (2021) 13(4):1194. doi: 10.3390/nul13041194

52. Andriankaja O, Levine M, Adatorwovor R, Hasturk H, Kantarci A, Shaddox L,
et al. Statin use, Periodontal, Oral and Systemic Inflammation in Type-2 Diabetics 2024
IADR/AADOCR/CADR General Session. New Orleans, LA: SAGE Publications (2024).

53. Andriankaja O, Adatorwovor R, Graves DT, Joshipura K, Levine M, Duconge J,
et al. Lipid-Lowering Agents, Endothelial Function, and Inflammation in Type 2
Diabetes 2023 AADOCR/CADR Annual Meeting. Portland OR: SAGE Publications
(2023).

54. Andriankaja O, Mufioz-torres F, Joshipura K. Longitudinal Association between
Lipid Profiles and Risk of Periodontitis. Vancouver, BC: SAGE Publications (2019).

55. Galbete C, Schwingshackl L, Schwedhelm C, Boeing H, Schulze MB. Evaluating
Mediterranean diet and risk of chronic disease in cohort studies: an umbrella review of
meta-analyses. Eur ] Epidemiol. (2018) 33(10):909-31. doi: 10.1007/
s10654-018-0427-3

56. Willcox DC, Scapagnini G, Willcox BJ. Healthy aging diets other than the
Mediterranean: a focus on the okinawan diet. Mech Ageing Dev. (2014)
136-137:148-62. doi: 10.1016/j.mad.2014.01.002

57. Chiavaroli L, Viguiliouk E, Nishi SK, Blanco Mejia S, Rahelic D, Kahleova H,
et al. DASH dietary pattern and cardiometabolic outcomes: an umbrella review of
systematic reviews and meta-analyses. Nutrients. (2019) 11(2):338. doi: 10.3390/
null020338

58. Mohseni R, Mohseni F, Alizadeh S, Abbasi S. The association of dietary
approaches to stop hypertension (DASH) diet with the risk of colorectal cancer: a
meta-analysis of observational studies. Nutr Cancer. (2020) 72(5):778-90. doi: 10.
1080/01635581.2019.1651880

59. Yokoyama Y, Nishimura K, Barnard ND, Takegami M, Watanabe M, Sekikawa
A, et al. Vegetarian diets and blood pressure: a meta-analysis. JAMA Intern Med.
(2014) 174(4):577-87. doi: 10.1001/jamainternmed.2013.14547

60. Martinon P, Fraticelli L, Giboreau A, Dussart C, Bourgeois D, Carrouel F.
Nutrition as a key modifiable factor for periodontitis and main chronic diseases.
J Clin Med. (2021) 10(2):197. doi: 10.3390/jcm10020197

61. Ojo O, Jiang Y, Ojo OO, Wang X. The association of planetary health diet with
the risk of type 2 diabetes and related complications: a systematic review. Healthcare
(Basel). (2023) 11(8):1120. doi: 10.3390/healthcare11081120

62. EAT. Summary Report of the EAT-Lancet Commission. Healthy Diets from
Sustainable Food Systems. Oslo: Food Planet Health (2022).

Frontiers in Oral Health

12

10.3389/froh.2025.1468995

63. Willett W, Rockstrom J, Loken B, Springmann M, Lang T, Vermeulen S, et al.
Food in the anthropocene: the EAT-lancet commission on healthy diets from
sustainable food systems. Lancet. (2019) 393(10170):447-92. doi: 10.1016/
S0140-6736(18)31788-4

64. Kowalsky TO, Morilla romero de la Osa R, Cerrillo I. Sustainable diets as tools to
harmonize the health of individuals, communities and the planet: a systematic review.
Nutrients. (2022) 14(5):928. doi: 10.3390/nu14050928

65. Pinkhasov RM, Wong J, Kashanian J, Lee M, Samadi DB, Pinkhasov MM, et al.
Are men shortchanged on health? Perspective on health care utilization and health
risk behavior in men and women in the United States. Int J Clin Pract. (2010)
64(4):475-87. doi: 10.1111/j.1742-1241.2009.02290.x

66. Andriankaja OM, Adatorwovor R, Kantarci A, Hasturk H, Shaddox L, Levine
MA. Periodontal disease, local and systemic inflammation in Puerto Ricans with
type 2 diabetes mellitus. Biomedicines. (2023) 11(10):2770. doi: 10.3390/
biomedicines11102770

67. Ximenez-Fyvie LA, Haffajee AD, Socransky SS. Microbial composition of supra-
and subgingival plaque in subjects with adult periodontitis. J Clin Periodontol. (2000)
27(10):722-32. doi: 10.1034/j.1600-051x.2000.027010722.x

68. Papapanou PN. Periodontal diseases: epidemiology. Ann Periodontol. (1996)
1(1):1-36. doi: 10.1902/annals.1996.1.1.1

69. Archundia Herrera MC, Subhan FB, Chan CB. Dietary patterns and
cardiovascular disease risk in people with type 2 diabetes. Curr Obes Rep. (2017)
6(4):405-13. doi: 10.1007/s13679-017-0284-5

70. Pachucki MA. Food pattern analysis over time: unhealthful eating trajectories
predict obesity. Int ] Obes (Lond). (2012) 36(5):686-94. doi: 10.1038/ij0.2011.133

71. Naja F, Itani L, Nasrallah MP, Chami H, Tamim H, Nasreddine L. A healthy
lifestyle pattern is associated with a metabolically healthy phenotype in overweight
and obese adults: a cross-sectional study. Eur ] Nutr. (2020) 59(5):2145-58. doi: 10.
1007/500394-019-02063-9

72. Thompson FE, Kirkpatrick SI, Subar AF, Reedy ], Schap TE, Wilson MM,
et al. The national cancer Institute’s Dietary assessment primer: a resource for
diet research. J Acad Nutr Diet. (2015) 115(12):1986-95. doi: 10.1016/j.jand.2015.08.
016

73. Yu L, Liu L, Wang F, Zhou F, Xiang Y, Huang S, et al. Higher frequency of
dairy intake is associated with a reduced risk of breast cancer: results
from a case-control study in Northern and Eastern China. Oncol Lett. (2019)
17(3):2737-44. doi: 10.3892/01.2019.9898

74. Dye BA, Li X, Lewis BG, Iafolla T, Beltran-Aguilar ED, Eke PI. Overview and
quality assurance for the oral health component of the national health and
nutrition examination survey (NHANES), 2009—2010. J Public Health Dent. (2014)
74(3):248-56. doi: 10.1111/jphd.12056

frontiersin.org


https://doi.org/10.1016/j.amjcard.2007.03.107
https://doi.org/10.3390/nu13041194
https://doi.org/10.1007/s10654-�018-�0427-�3
https://doi.org/10.1007/s10654-�018-�0427-�3
https://doi.org/10.1016/j.mad.2014.01.002
https://doi.org/10.3390/nu11020338
https://doi.org/10.3390/nu11020338
https://doi.org/10.1080/01635581.2019.1651880
https://doi.org/10.1080/01635581.2019.1651880
https://doi.org/10.1001/jamainternmed.2013.14547
https://doi.org/10.3390/jcm10020197
https://doi.org/10.3390/healthcare11081120
https://doi.org/10.1016/S0140-�6736�(18)�31788-�4
https://doi.org/10.1016/S0140-�6736�(18)�31788-�4
https://doi.org/10.3390/nu14050928
https://doi.org/10.1111/j.1742-�1241.2009.02290.x
https://doi.org/10.3390/biomedicines11102770
https://doi.org/10.3390/biomedicines11102770
https://doi.org/10.1034/j.1600-�051x.2000.027010722.x
https://doi.org/10.1902/annals.1996.1.1.1
https://doi.org/10.1007/s13679-�017-�0284-�5
https://doi.org/10.1038/ijo.2011.133
https://doi.org/10.1007/s00394-�019-�02063-�9
https://doi.org/10.1007/s00394-�019-�02063-�9
https://doi.org/10.1016/j.jand.2015.08.016
https://doi.org/10.1016/j.jand.2015.08.016
https://doi.org/10.3892/ol.2019.9898
https://doi.org/10.1111/jphd.12056
https://doi.org/10.3389/froh.2025.1468995
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

	Cross-sectional association among dietary habits, periodontitis, and uncontrolled diabetes in Hispanics: the LLIPDS study
	Introduction
	Periodontal disease
	Type II diabetes
	Type II diabetes and periodontal disease risk factors

	Materials and methods
	Study population
	Ascertainment of diabetes status

	Study procedures
	Food choices assessment and classification
	Periodontal primary outcome
	Glucose control secondary outcome
	Other available data
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


