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TherapeuTic advances in 
chronic disease

Hispanic adults with type 2 diabetes mellitus 
using lipid-lowering agents have better 
periodontal health than non-users
Oelisoa M. Andriankaja , Kaumudi J. Joshipura, Michael A. Levine, Margarita Ramirez-Vick, 
Julio A. Rivas-Agosto, Jorge S. Duconge and Dana T. Graves

Abstract
Background: Recent studies suggest that lipid-lowering agents (LLA) may reduce chronic 
periodontitis, but it is unknown whether this benefit extends to people with type 2  
diabetes (T2D).
Objective: We assessed the association between LLA use and periodontitis in Hispanic adults 
with T2D.
Design: This was a cross-sectional observational study.
Methods: We assessed the association of LLA use and periodontal parameters in 253 Puerto 
Ricans 40–65 years with T2D who participated in the Lipid-Lowering agents use in Periodontitis 
and Diabetes Study study. Participants were classified as (a) none- or <1 year, (b) 1–4 years, 
or (c) >4 years. The primary outcome consists of a tertile percent of sites with probing 
pocket depth (PPD) ⩾ 4 mm and the secondary outcome includes tertiles of percent sites with 
clinical attachment loss (CAL) ⩾ 4 mm. Multinomial logistic regression models adjusted for 
age, gender, smoking status, education, waist circumference, glycosylated hemoglobin A1C 
(HbA1c), bleeding on probing, examiner, and anti-inflammatory agents were used to estimate 
the association.
Results: LLA (92.5%, statins) was used by 52% of participants. LLA use 1–4 years was 
associated with lower odds of PPD ⩾ 4 mm (OR: 0.22, p = 0.005; high versus low tertile) or lower 
odds of CAL ⩾ 4 mm (OR: 0.33, p = 0.02, middle versus low tertile), compared to those with LLA 
minimal or no use. This association was lost for participants who used LLA for >4 years. LLA 
users for >4 years with periodontal disease had elevated HbA1c (OR: 1.36, p = 0.05).
Conclusion: The use of LLA for 1–4 years was associated with lower values of periodontal 
parameters versus minimal LLA use. This association was not present among people using 
LLA > 4 years users, but these participants had poorer glycemic control compared to other 
participants. In this cross-sectional study, the finding that LLA use 1- 4 years is associated 
with lower values of periodontal parameters of severity in T2D individuals may help clarify 
some of the controversies regarding the benefit of these medications in this population.
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Plain language summary 
Lipid-lowering agents and lower values of periodontal parameters in individuals with 
type 2 diabetes 

•  Lipid-lowering agents (LLA), such as statins, are reported to reduce chronic 
periodontitis, making individuals with diabetes ideal candidates for this treatment 
due to their high prevalence of oral disease.
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Introduction
Periodontal disease (PD) is due to bacteria-
induced inflammation that can lead to long- 
lasting gingival inflammation that affects the soft 
connective tissue and supporting bone. PD ranges 
from simple reversible gingivitis to a more serious 
chronic periodontitis formerly known as adult 
periodontitis. Although bacterial pathogens are 
the major cause of PD development, their pres-
ence alone is not sufficient for the disease to 
occur. The mechanism of action is dependent on 
a host-mediated tissue injury caused by the 
immune response that plays an important role in 
chronic periodontal tissue destruction.1,2

PD is a major cause of tooth loss, which can com-
promise mastication, esthetics, self-confidence, 
and quality of life.3 The prevalence of PD is 
approximately 42% in dentate Americans aged 
30–79 years4 and is even greater among the 
Hispanic population. According to the available 
data, nearly 45% of older Puerto Ricans aged 70–
97 years have moderate/severe PD, while the cor-
responding estimate for all Americans aged 
75 years or older is 21%.5 Yet, PD is preventable, 
especially at earlier age. Periodontal disease is 
associated with systemic conditions linked to 
increased chronic inflammation such as cardiovas-
cular disease (CVD), diabetes, or rheumatoid 
arthritis.6

An association between diabetes mellitus and 
PD has been recognized for over 70 years.7 
Animal experiments and human studies have 
demonstrated that diabetes is a risk factor for 
PD.8–11 Mechanistically, diabetes enhances peri-
odontal inflammation, and animal studies have 
shown that it alters the oral microbiome to 
enhance its pathogenicity.12,13 Recent studies 
suggest the association between these diseases  
is bi-directional as PD can worsen glycemic 
control.10

According to recent meta-analysis findings, indi-
viduals with type 2 diabetes (T2D) have a 34% 
increase in the risk of developing PD (incidence) 
compared to individuals without T2D.10 In  
specific populations, such as the Pima Indians, 
who may be related to the Caribbean Taino 
Indians of Puerto Ricans14, the evidence of the 
association is even stronger: The odds of having 
PD is three-to-four fold higher in individuals with 
T2D compared to normoglycemic individuals.15 
Early and prolonged progression of T2D increases 
the extent and severity of PD.16 The impact of dia-
betes on PD severity and progression is inversely 
proportional to the degree of glycemic control.7 
The prevalence of T2D in 2019 was 16.7% in 
Puerto Rico as compared to 10.7% in the US 
mainland.17 Given the increasing prevalence of 
T2D, it is likely that PD will also continue to 

•  The association between LLA use and periodontitis was assessed among Hispanic 
adults with type 2 diabetes (T2D).

•  Short-term LLA use (but not long-term use) was associated with lower values of 
periodontal parameters in individuals with T2D.

•  For long-term LLA use, high glycemic level was associated with high values of 
periodontitis.

•  Thus, under the study design limitations, the finding may provide clinical implications 
and may help clarify some of the controversies regarding the benefits of LLA use in 
humans.

•  Furthermore, the higher glycemic levels for periodontal patients with long-term LLA 
use points to the need to monitor these patients carefully.

Keywords: chronic periodontitis, cross-sectional study, hypolipidemic agents, statins, tooth 
loss, type 2 diabetes mellitus
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increase,8,18 highlighting the critical need to 
develop strategies to treat or prevent PD in indi-
viduals with T2D to improve their oral health and 
quality of life.

Lipid-lowering agents (LLA) such as statins, 
fibrates, and omega-3 fatty acids have beneficial 
effects on chronic inflammatory diseases, includ-
ing periodontitis.19–22 Of these, statins are likely to 
have the greatest potential for treatment of PD as 
they have pleiotropic anti-inflammatory and 
immunomodulatory, antibacterial, as well as posi-
tive effects on bone metabolism, epithelization, 
and wound healing.23–26 In vitro and some in vivo 
experimental or observational studies have 
reported beneficial effects of statins in the treat-
ment of periodontitis or an association between 
statin use and improved periodontal out-
comes.24–27 Clinical trials involving statins and 
PD have largely focused on local delivery and the 
results have been controversial.24 The potential 
association between LLA and periodontitis in 
individuals with T2D have been less explored, 
even though diabetic populations have a higher 
prevalence of PD and tooth loss and are more 
likely to be prescribed LLA. Therefore, our main 
objective was to assess whether LLA usage was 
associated with better periodontal status in indi-
viduals with T2D.

Materials and methods

Study population
The present study is a cross-sectional observa-
tional study. The study population consisted of 
253 non-institutionalized, residents of Puerto 
Rico who were primarily of Hispanic origin and 
were recruited for the ‘Lipid-lowering agents 
use in Periodontitis and Diabetes Study’ 
(LLIPDS). Participants were drawn from the 
Puerto Rico Center for Diabetes (PRCD) 
(50%); from the general population (45%) 
among which, 7% of them came from the San 
Juan Overweight Adults Longitudinal study 
(SOALS); and from COSSMA (5%), a private 
decentralized healthcare organization located in 
Puerto Rico.

Eligibility criteria. To allow for outcome compari-
sons with our original study,28 most of the follow-
ing criteria derived from the previous SOALS’ 

study: inclusion criteria: (a) age 40–65 years, (b) 
at least four teeth for a valid periodontal measure-
ment, and (c) T2D based on physician diagnosis, 
medication(s), or fasting blood glucose and glyco-
sylated hemoglobin A1C (HbA1c) levels as 
described below; and exclusion criteria: (a) orth-
odontic appliances or gross oral pathology that 
might impair periodontal measurements; (b) reg-
ular use of steroids, anti-inflammatory drugs 
(except aspirin at doses of ⩽150 mg/day), immu-
nosuppressants, thiazolidinediones, or glitazones; 
(c) systemic complications, such as hemophilia or 
other bleeding disorders, chronic inflammatory 
diseases, or infectious disease within 6 months; 
(d) use of antibiotic therapy for any medical or 
dental condition prior to the clinical examination; 
or (e) use of any medication that affects periodon-
tal status for 2 weeks or more within 1 month 
prior to the clinical examination; (f) diagnosis of 
congenital or chronic heart diseases, endocarditis, 
or rheumatic fever; (g) undergoing active dialysis 
treatment; (h) receiving anticoagulant therapy; (i) 
had undergone procedures related to CVD, 
including pacemaker or defibrillator implanta-
tion, or surgery on the heart or vessels involving 
the use of prosthetic material (e.g., stent); (j)  
had hip or other joint replacement surgery; or (k) 
were diagnosed with cancer with active radio/
immunotherapy.

Ascertainment of diabetic status. Participants 
who met the main eligibility criteria that were 
assessed during the pre-clinical phone call screen-
ing and verbally consented to participate in the 
study were invited and scheduled for a clinical 
examination. Participants were asked to bring the 
written documentation from physicians, labora-
tory results, or use of diabetes medications 
labeled with their names at the clinical examina-
tion visit to confirm the presence of T2D. Par-
ticipants from SOALS with likely T2D diagnosis 
had HbA1c ⩾ 6.5% or fasting blood glu-
cose ⩾ 126 mg/dl).29

All eligible participants from the pre-clinical 
phone call screening were scheduled to attend the 
clinical examination. Prior to any study proce-
dures, eligibility criteria were further confirmed, 
participants were explained again about purposes 
of the study, the study procedures, voluntarily 
participation in the study, participant’s right  
to withdrawal at any time during the study 
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 procedures, and participant’s consent for the use 
of the data for research purposes. Written and 
signed informed consent was obtained from all 
participants prior to performance of the study 
procedures. The study was approved by the 
Institutional Review Board of the University of 
Puerto Rico (IRB # B0930116). The study was 
conducted in accordance with the Helsinki 
Declaration of 1975, as revised in 2013.

Enrollment in the study. The LLIPDS study was 
conducted between April, 2017 and March, 2020. 
A total of 595 participants were screened and of 
these 267 were eligible and enrolled in the study 
(Figure 1). A total of 14 participants initially 
enrolled in the study were later excluded for pro-
tocol deviations leaving 253 participants for anal-
yses. A sensitivity analysis determined that 
exclusion of 17 participants who had taken 

Figure 1. Selection of the 253 study participants, LLIPDS (26 April 26 2017 to 9 March 9 2020).
‡SOALS: San Juan Overweigh Adults Longitudinal Study.
§PRCTRC: Puerto Rico Clinical and Translational Research Consortium.
¶Others: e.g., participants’ responses to the advertisements, words of mouths, etc. . .
#PRCD: Puerto Rico Center for Diabetes.
††COSSMA, Inc.: A non-profit organization based in Humacao, Puerto Rico with six primary healthcare clinics serving the 
population throughout Puerto Rico Island.
LLIPDS, Lipid-Lowering agents use In Periodontitis and Diabetes Study.
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anti-inflammatory drugs did not significantly 
impact the outcome measurements.

Periodontal status and tooth loss outcomes 
measurement
Periodontal status was assessed at six sites per 
tooth for all teeth except the third molars30 using 
a periodontal probe with 2 mm markings (Hu 
Friedy PCP2). Probing pocket depth (PPD) was 
rounded down if the reading fell between two 
probe markings.30 Examinations were performed 
by one of two dental examiners before partici-
pants’ interview to avoid bias. Using the same 
periodontal probing protocol procedures, both 
dental examiners 1 and 2 were trained and cali-
brated for measurements of periodontal pocket 
depth by two different gold standards provided  
at two different consecutive time periods (BD, 
NHANES; HH, Forsyth Institute). They 
achieved a 96% and 97% agreement within 1 mm 
of PPD measurement, respectively. Prior to the 
switch in the tasks in the project, examiner 2 
additionally received a training and calibration 
with examiner 1 to achieve at least 96% within 
1 mm of PPD measurement on inter-examiner 
agreement to ensure the data quality. The PPD 
measure performed by the dental examiner 1 was 
compared with the PPD performed by the dental 
examiner 2. There was no statistical difference  
in the percentage of sites with PPD ⩾ 4 mm 
between the two dental examiners (p = 0.342). 
The primary outcome was percent of sites with 
PPD ⩾ 4 mm,31 which was categorized in low  
(reference), medium, or high tertiles based on  
its distribution. Likewise, the secondary outcome 
included tertile of percent of sites with clinical 
attachment loss (CAL) ⩾ 4 mm categorized  
in low (reference), medium, and high tertiles. 
Alternative periodontal outcomes included ter-
tiles of number of teeth lost or having at least one 
site (or tooth) with PPD ⩾ 5 mm, with the latter 
indicating the severity of disease. Silness and Loe 
Plaque Index,32 bleeding on probing (BOP) on 
any two (one from buccal and one from lingual 
surfaces) of the six sites examined per tooth was 
recorded.33

LLA and other data collection
Participants were asked to bring their current 
medications and/or a list of all their current medi-
cations at the visit and completed a thorough 

interview-based questionnaire that collected 
information on LLA and other medications, dos-
age, and duration of use. In addition, to prove 
medication compliance, up to three pharmacy 
addresses where participants usually bought their 
medications were recorded, and the study per-
sonnel verified the pharmacy information within 
2–3 weeks after the visit from approximately the 
first 30 eligible participants at the beginning of 
the study. Types of LLA included statins, fibrates, 
niacin, bile acid binding resins, cholesterol 
absorption inhibitor, omega-3 fatty acids, combi-
nations, and injectable medications. The intake 
of food items, such as milk enriched with omega-3 
milk fatty acids can provide benefits similar to 
LLA to lower cholesterol, but this information 
was not available. Data were directly recorded in 
RedCap.34 Participants were classified as LLA 
users if they were currently taking LLA and LLA 
non-users if they reported no current or previous 
use of LLA. Duration of LLA use was categorized 
as follows: (a) none or minimal <1 year, (b) 
1–4 years, and (c) >4 years based on previous 
reports.35,36 Statin-potency was categorized as 
low, moderate, or high based on its dosage and 
low-density lipoprotein-cholesterol reduction 
goals.37 The questionnaire also gathered demo-
graphic data, and diabetes duration (years). 
Lifestyle health habits included smoking status 
defined as never smoked (i.e. report to never 
smoked or has smoked <100 cigarettes in life-
time), former smoker (had smoked at least 100 
cigarettes but had stopped smoking prior to the 
study visit), and current smoker (smoked at least 
100 cigarettes and continue smoking).38 Alcohol 
consumption was defined as ‘current drinker’ 
(had at least 12 drinks of any type of alcoholic 
beverage in lifetime and had at least one drink in 
past 12 months) or ‘non-current drinker’ (i.e. life-
time abstainer: had fewer than 12 drinks in life-
time; former drinker: had at least 12 drinks in 
lifetime but no drinks in the past 12 months).39 
The questionnaire also collected exercise infor-
mation (yes/no, ‘Have you exercised in the past 
12 hrs.?’). The diabetes duration of the SOALS 
participants was based on the date they were pro-
visionally diagnosed with diabetes up to the date 
when their glucose levels were remeasured in the 
current study. Waist circumference and height 
were measured two to three times to the nearest 
0.1 cm, and averaged. Weight was measured two 
to three times to the nearest 0.5 kg using a stand-
ard calibrated stadiometer TANITA, Made in 
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Japan, Tanita Corporation of America Inc. 
(Analyzer-TBF-310A), and averaged as well. 
Body mass index (BMI) was computed from the 
weight and the height measures (kg/m2). Blood 
pressure was taken three times after 1–2 min 
intervals,40 and the average was computed. 
Participants were classified as hypertensive if they 
reported a physician-diagnosed hypertension, 
currently took antihypertensive medications, or 
had an average SBP ⩾ 130 mm Hg or average 
DBP ⩾ 80 mm Hg at the clinical examination.41 
HbA1c was measured using a Siemens Kit, Made 
in UK, Siemens Healthcare Diagnostics Inc. for 
DCA 2000 and DCA Vantage Analyzer. Other 
biochemical measures, such as fasting serum glu-
cose, insulin, and a lipid panel, were performed at 
Clendo Reference Laboratories in Puerto Rico.42 
Homeostatic model assessment (HOMA) of insu-
lin resistance (IR) was computed as [fasting insu-
lin (mU/L) × fasting glucose (mmol/L)/22.5].43

Statistical analyses
A brief summary of the general characteristics of 
the study population was provided. Characteristics 
of the study population by periodontal status were 
described using mean (± standard deviation), 
median (25th, 75th percentiles) or frequency 
(percent) as appropriate. LLA and other variables 
were assessed by tertile of percent of sites with 
PPD ⩾ 4 mm. We assessed potential correlations 
between the covariates and avoided including two 
highly correlated covariates in the same model. 
Multinomial or binary logistic regression models 
were used to assess the associations between LLA 
duration of use and periodontal or tooth loss 
parameters. We controlled for major risk factors 
for periodontitis including age, gender, years of 
education, BMI or waist circumference, smoking 
status, alcohol consumption, and exercise. We 
also adjusted for plaque index or BOP. Other 
potential confounders, including levels of lipid 
panels, fasting glucose or HbA1c, duration of dia-
betes, self-reported use of anti-inflammatory 
agents, or dental examiners were considered for 
inclusion in the model using change in estimate 
procedures.

Results
The general characteristics, oral health status, 
and the distribution of periodontal outcomes and 
alternative periodontal parameters of the study 

population are described in Table 1. The average 
age of the study population was approximately 55 
(±5.93) years. A total of 44% of the participants 
were male gender, 36% former or current smok-
ers, and 43% classified to have current alcohol 
intake. The duration of their diabetic status 
ranged from 1 to 37 years with the mean duration 
of 10 years. Most of the participants were obese 
(mean BMI 34.92 ± 10.67), and nearly 66% of 
them were hypertensive.

All the LLA used were oral medications. 
Approximately 52% of the participants were cur-
rent LLA users. Among LLA users, the median 
duration of use was 4.21 (1.17, 6.5) years. Statins 
were the most used LLA (92.5%), followed by 
fibrates (5.3%), and the remaining 2.2% (others) 
were omega-3, cholestyramine, or ezetimibe (data 
not shown). Among statin users, approximately 
28% (33/118) took high-potency statins (7 par-
ticipants in LLA use <1 year; 9 in LLA use 
1–4 years; and 17 in LLA > 4 years).

The highest tertile of percent of sites with 
PPD ⩾ 4 mm ranged from nearly 4% to 86.5% 
and for percent of sites with CAL ⩾ 4 mm from 
7.6 to 88%; 52.6% of the participants had tooth 
loss ranging from 2 to 14 (medium/high tertiles), 
and 29.6% of the participants had at least one 
tooth with PPD ⩾ 5 mm. Based on the Centers  
for Disease Control and Prevention (CDC)/
American Academy of Periodontology (AAP) 
periodontitis case definition,44 approximately 
62% of the participants had moderate or severe 
forms of this disease.

The general and oral health characteristics of the 
study population by tertiles of percent of sites 
with PPD ⩾ 4 mm are shown in Table 2. T2D 
participants with the highest tertile percent of 
sites with PPD ⩾ 4 mm were more likely to be 
males (p < 0.01), former or current smokers 
(overall, p = 0.06), and were less likely to be edu-
cated (p < 0.001) than their counterparts with 
low or medium tertile of percent of sites with 
PPD ⩾ 4 mm. T2D participants had higher levels 
of HbA1c (p = 0.03), higher LDL-cholesterol 
(p = 0.01), higher fasting glucose (p = 0.03), insu-
lin (p = 0.01), or HOMA-IR (p < 0.001) across 
the tertiles of percent of sites with PPD ⩾ 4 mm. 
There was no statistically significant difference in 
HDL-cholesterol across the tertile of percent of 
sites with PPD ⩾ 4 mm. The LLA other than 
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Table 1. Distribution of the general and oral health characteristics and alternative periodontal parameters of the study population 
(N = 253 participants, N = 34,274 sites).

Characteristics Distribution

 N or N (%) Mean ± SD Median Range: Min–Max

(a) General characteristics

 Age 253 54.52 ± 5.93 55 41–65

 Male gender 112 (44.27)  

 Educational level (⩽12 yrs) 88 (34.78)  

 Smoking status  

  Never 162 (64.03)  

  Former 63 (24.90)  

  Current 28 (11.07)  

 Current alcohol consumption 108 (42.69)  

 Exercise (yes) 77 (30.68)  

 BMI (kg/m2) 253 34.92 ± 10.67 32.67 19.80–103.21

 Waist circumference (cm) 253 105.34 ± 16.94 104.67 39–147

 Hypertension (yes) 167 (66.01)  

 Diabetes duration 243 10.79 ± 7.77 10 1–37

 Metformin medication (yes) 126 (49.80)  

 Anti-inflammatory agents (yes) 17(6.72)  

 HbA1c (%) 253 8.04 ± 1.95 7.6 5.2–14

 Fasting glucose (mg/dL) 253 162.23 ± 68.97 141 84–651

 Fasting insulin (mIU/L) 253 17.69 ± 17.05 12.90 0.2–143.20

 HOMA-IR 253 7.37 ± 8.36 4.77 0.06–77.08

 HDL-C (mg/dL) 253 47.22 ± 13.43 45.0 24–109

 LDL-C (mg/dL) 253 95.0 ± 37.15 91.0 46–269

 Total cholesterol (mg/dL) 253 175.66 ± 43.99 170 46–361

 Triglycerides (mg/dL) 253 166.92 ± 89.30 151 39–712

 LLA current users (yes) 132 (52.17)  

 LLA duration of use (yr) 253 5.87 ± 6.14 4.21 0.02–31.29

 Statin-potency (N = 238)  

  None or LLA < 1 yr 120 (50.42)  

(Continued)
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Characteristics Distribution

 N or N (%) Mean ± SD Median Range: Min–Max

  Low/medium 85 (35.71)  

  High 33 (13.87)  

(b) Oral health parameters

 Plaque Index 246 1.02 ± 0.53 0.96 0.05–3

 Sites with BOP 253 22.36 ± 12.06 21 0–54

 Missing teeth 253 2.37 ± 2.88 2 0–14

(c) Periodontal parameters

 Percent of sites with PPD ⩾ 4 mm 253 6.24 ± 11.61 1.25 0–86.54

  First tertile 94 (37.15) 0 0 0

  Second tertile 75 (29.64) 1.80 ± 0.88 1.41 0.89–3.80

  Third tertile 84 (33.20) 17.18 ± 15.01 11.29 3.85–86.54

 Percent of sites with CAL ⩾ 4 mm 253 10.01 ± 15.87 3.23 0–88

  First tertile 84 (33.20) 0.21 ± 0.41 0 0–1.11

  Second tertile 85 (33.60) 3. 66 ± 1.75 3.23 1.16–7.45

  Third tertile 84 (33.20) 26.23 ± 18.87 20.42 7.61–88

 Number of missing teeth 253 2.38 ± 2.88 2 0–14

  First tertile 120 (47.43) 0.4 ± 0.49 0 0–1

  Second tertile 58 (22.92) 2 ± 0 2 2–2

  Third tertile 75 (29.64) 5.83 ± 3.07 5 3–14

 ⩾1 tooth with PPD ⩾ 5 mm (yes) 75 (29.64)  

 Periodontitis-CDC/AAP definition  

  No/mild 96 (37.94)  

  Moderate 119 (47.04)  

  Severe 38 (15.02)  

 Teeth with PPD ⩾ 4 mm & BOP at the same tooth 253 2.93 ± 4.58 1 0–23

 Teeth with CAL ⩾ 3 mm & PPD ⩾ 4 mm at the same site 253 7.81 ± 6.02 7 0–24

BMI, body mass index; BOP, bleeding on probing; CAL, clinical attachment loss; CDC/AAP, Centers for Disease Control and Prevention/American 
Academy of Periodontology; HbA1c, glycosylated hemoglobin A1C; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model 
assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol; LLA, lipid-lowering agents; PPD, probing pocket depth; yr, year; yrs, 
years.

Table 1. (Continued)
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Table 2. General and oral health characteristics by tertiles of percent of sites with PPD ⩾ 4 mm (N = 253 participants, N = 34,274 sites).

Characteristics First tertile (low) 
(n = 12,725 sites)

Second tertile 
(medium) 
(n = 10,815 sites)

Third tertile (high) 
(n = 10,734 sites)

p Value*

(a) General characteristics Mean ± SD, Median (Q1, Q3), or N (%)

 Age (yr) 54.80 ± 5.65 54.57 ± 5.59 54.17 ± 6.55 0.78

 Male gender 30 (31.91) 34 (45.33) 48 (57.14) <0.01

 Educational level (⩽12 yrs) 23 (24.47) 18 (24) 47 (55.95) <0.001

 Smoking status 0.06

  Never 67 (71.28) 51 (68) 44 (52.38)  

  Former 17 (18.09) 19 (25.33) 27 (32.14)  

  Current 10 (10.64) 5 (6.67) 13 (15.48)  

 Current alcohol consumption 37 (39.36) 35 (46.67) 36 (42.86) 0.63

 Exercise (yes) 29 (31.18) 24 (32.43) 24 (28.57) 0.86

 Hypertension (yes) 65 (69.15) 49 (65.33) 53 (63.10) 0.69

 Metformin medication (yes) 39 (41.49) 41 (54.67) 46 (54.76) 0.13

 Anti-inflammatory agents (yes) 9 (9.57) 4 (5.33) 4 (4.76) 0.37

 BMI (kg/m2) 35.19 ± 12.05 35.56 ± 11.40 34.05 ± 8.13 0.78

 Waist circumference (cm) 103.06 ± 18.21 106.73 ± 14.80 106.64 ± 17.16 0.26

 HbA1c (%) 7.61 ± 1.70 8.29 ± 2.04 8.30 ± 2.07 0.03

 Fasting glucose (mg/dL) 129 (114.8, 163.8) 136 (117, 209) 154(125, 201.3) 0.03

 Fasting insulin (mIU/L) 11 (6.9, 17.1) 13.7 (9.4, 21.8) 14.5 (8.3, 24.5) 0.01

 HOMA-IR 65.2 (45.1, 112.2) 96.1 (57.7, 166.0) 107.3(41.3, 200.0) <0.001

 HDL-C (mg/dL) 49.36 ± 13.57 45.99 ± 12.48 45.93 ± 13.92 0.15

 LDL-C (mg/dL) 92.32 ± 30.43 95.6 ± 39.50 97.46 ± 41.79 0.01

 Total cholesterol (mg/dL) 173.74 ± 38.40 175.39 ± 46.23 178.06 ± 48.03 0.09

 Triglycerides (mg/dL) 159.72 ± 80.51 169.03 ± 85.11 173.10 ± 101.93 0.07

 Diabetes duration 9.59 ± 6.49 12.25 ± 8.64 10.86 ± 8.16 0.21

 LLA current users (yes) 52 (55.32) 40 (53.33) 40 (47.62) 0.57

 LLA duration of use (yr) 3 (1.17, 6.5) 4 (1.74, 8.04) 5.09 (1.0, 9.05) 0.57

 Statin-potency (N = 238) 0.23

  None or LLA < 1 yr 46 (51.69) 30 (41.67) 44 (57.14)  

(Continued)
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statins taken ⩾ 1 year were removed from the data 
yielding a total of N =  238 (i.e. instead of 253), 
and the reference group was the same as the ini-
tial group of ‘None or LLA < 1 year.’ There was 
no statistical difference in the distribution of the 
statin potency across the three tertile groups 
either. Overall, there was a difference in the 
plaque index (p < 0.01), number of sites with 
BOP (p < 0.001) and number of missing teeth 
(p = 0.03) across the three tertile groups (Table 
2). Likewise, there was an overall difference in 
periodontitis CDC/AAP case definition 
(p < 0.001), number of teeth with PPD ⩾ 4 mm 
and BOP (p < 0.001), or number of teeth with 
CAL ⩾ 3 mm & PPD ⩾ 4 mm at the same site 
(p < 0.001), across the three tertiles of percent of 
sites with PPD ⩾ 4 mm.

The crude and adjusted odds ratios (adjusted for 
age, gender, education, smoking status, alcohol 

consumption, waist circumference, HbA1c, BOP, 
examiner, and anti-inflammatory agents) of the 
associations between the LLA users and medium 
or high tertile percent of sites with PPD ⩾ 4 mm 
showed no significant reduction compared to the 
first tertile (Table 3). Participants taking LLA 
between 1 and 4 years had 78% lower odds of 
having high tertile percent of sites with 
PPD ⩾ 4 mm than those with none or minimal 
LLA use (adj. OR: 0.22, 95% CI: 0.08–0.64). 
There was no association between LLA use 
between 1 and 4 years and lower or medium ter-
tile percent sites with PPD ⩾ 4 mm as compared 
to those with minimal LLA use. Moreover, there 
was no association between LLA use >4 years 
and tertiles of percent of PPD ⩾ 4 mm (Table 3). 
The sensitivity analysis excluding enrolled par-
ticipants reporting use of anti-inflammatory 
agents (N = 17) showed similar results (i.e. refer-
ence: LLA non-users or users <1 year: LLA 

Characteristics First tertile (low) 
(n = 12,725 sites)

Second tertile 
(medium) 
(n = 10,815 sites)

Third tertile (high) 
(n = 10,734 sites)

p Value*

  Low/medium 29 (32.58) 29 (40.38) 27 (35.06)  

  High 14 (15.73) 13(18.06) 6 (7.79)  

(b) Oral health parameters Mean ± SD p Value*

 Plaque index 0.90 ± 0.47 0.97 ± 0.44 1.21 ± 0.61 <0.01

 Sites with BOP 18.39 ± 10.14 21.99 ± 12.11 27.12 ± 12.441 <0.001

 Missing teeth 2.73 ± 3.54 1.6 ± 1.79 2.67 ± 2.76 0.03

 Periodontitis-CDC/AAP definition <0.001

  No/mild 64 (68.09) 28(37.33) 4 (4.76)  

  Moderate 30 (31.91) 45(60.00) 44 (52.38)  

  Severe 0 2 (2.67) 36 (42.86)  

  Teeth with PPD ⩾ 4 mm and BOP at the same 
tooth

0 1 (1, 2) 5.5 (3, 11.5) <0.001

  Teeth with CAL ⩾ 3 mm & PPD ⩾ 4 mm at the 
same site

3 (1, 6) 7 (3, 9) 13 (8, 17.5) <0.001

BMI, body mass index; BOP, bleeding on probing; CAL, clinical attachment loss; CDC/AAP, Centers for Disease Control and Prevention/American 
Academy of Periodontology; HbA1c, glycosylated hemoglobin A1C; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; LLA, lipid-lowering agents; PPD, probing pocket depth; yr, year; yrs, years.
*Using analysis of variance (ANOVA), Chi-square, Kruskal–Wallis H, or K-sample equality-of-median test. P-value in bold indicates the level of 
significance of p < 0.05.

Table 2. (Continued)
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Table 3. Association between LLA use and tertiles of percent of sites with PPD ⩾ 4 mm (N = 253 participants, N = 34,274 sites).

LLA use Second tertile (medium) (n = 10,815 sites) Third tertile (high) (n = 10,734 sites)

Crude OR (95% CI) Adjusteda OR (95% CI) Crude OR (95% CI) Adjusteda OR (95% CI)

LLA users (ref.: No) 0.92 (0.50–1.70)
p = 0.80

0.79 (0.41–1.53)
p = 0.49

0.73 (0.41–1.33)
p = 0.31

0.58 (0.28–1.17)
p = 0.13

LLA duration of use 
(ref. < 1 yr)

 

1–4 yrs 0.76 (0.35–1.65)
p = 0.49

0.68 (0.30–1.56)
p = 0.36

0.33 (0.13–0.80)
p = 0.02*

0.22 (0.08–0.64)
p = 0.005*

>4 yrs 0.97 (0.46–2.02)
p = 0.93

0.84 (0.38–1.84)
p = 0.66

1.02 (0.51–2.04)
p = 0.95

0.91 (0.40–2.08)
p = 0.83

 Sensitivity analysis (N = 236)b (N = 31,872 sites)

LLA duration of use 
(ref. < 1 yr)

Second tertile (medium) (n = 10,248 sites) Third tertile (high) (n = 10,218 sites)

1–4 yrs 0.96 (0.43–2.13)
p = 0.91

0.87 (0.37–2.05)
p = 0.75

0.34 (0.13–0.88)
p = 0.03*

0.23 (0.08–0.70)
p = 0.01*

>4 yrs 1.09 (0.51–2.35)
p = 0.83

1.0 (0.44–2.27)
p = 0.99

1.06 (0.51–2.18)
p = 0.88

0.98 (0.41–2.33)
p = 0.97

aAdjusted for age, gender, education (⩽12 yrs, 12 yrs), smoking status (never or smoker, current), alcohol consumption (non-current, current), 
waist circumference, HbA1c, BOP, examiner, and anti-inflammatory agents.
bAnti-inflammatory agents (n = 17) excluded from the data.
BOP, bleeding on probing; CAL, clinical attachment loss; 95% CI, 95% confidence interval; HbA1c, glycosylated hemoglobin A1C; LLA,  
lipid-lowering agents; OR, odds ratio; yr, year; yrs, years.
*P-value in bold indicates the level of significance of p < 0.05.

1–4 years and high tertile of PPD ⩾ 4 mm: adj. 
OR: 0.23, 95% CI: 0.08–0.70; no association 
between LLA use 1–4 years and medium percent 
of sites with PPD ⩾ 4 mm; and no association 
between LLA use >4 years and the percent of 
sites with PPD ⩾ 4 mm). Likewise, additional 
adjustment for covariates with missing values, 
such as ‘diabetes duration’ (10 missing) or ‘exer-
cise’ (2 missing) provided similar patterns 
(Supplemental Table S1) and replacing the 
covariate ‘BOP’ in the models with that of ‘plaque 
index’, which had seven missing values provided 
similar estimates (Supplemental Table S2). Due 
to the low number of high-potency statin use in 
each LLA duration of use category and several 
switches in dosage primarily due to drug intoler-
ance, we could not compare the statin-potency 
between the LLA categories.

Participants taking LLA for 1–4 years had an 
adjusted OR = 0.33 (95% CI: 0.13, 0.86) for 
medium (not the highest) percent of sites with 
CAL ⩾ 4 mm compared to participants with 

minimal LLA usage (Table 4). Similarly, there 
was no association between LLA use >4 years 
and the tertiles percent of sites with CAL ⩾ 4 mm. 
The sensitivity analysis by excluding from the 
data participants reporting taking anti-inflamma-
tory agents (N = 17) after being enrolled showed 
consistent similar results. Tertiles of number of 
teeth lost (Supplemental Table S3) did not show 
any association with LLA use. The association 
between LLA >4 years and high tertile of teeth 
lost was borderline (adj. OR: 11.90, 95% CI: 
0.91–3.97). The outcome of at least one tooth 
with PPD ⩾ 5 mm for a disease severity (Table 5) 
showed similar patterns as the primary or second-
ary outcomes (LLA use for 1–4 years: adj OR: 30, 
95% CI: 0.11–0.78); no association with LLA use 
>4 years).

To further validate the results a number of alterna-
tive periodontal parameters were measured. They 
included periodontitis CDC/AAP case definition, 
a continuous form of the primary outcome percent 
of sites with PPD ⩾ 4 mm (log-transformed), 
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Table 4. Association between LLA use and tertiles of percent of sites with CAL ⩾ 4 mm (N = 253 participants, 
N = 34,274 sites).

LLA use Second tertile (medium) (n = 10,815 
sites)

Third tertile (high) (n = 10,734 sites) 

Crude OR (95% CI) Adjusteda OR (95% 
CI)

Crude OR (95% CI) Adjusteda OR (95% 
CI)

LLA users (ref.: 
No)

0.77 (0.42–1.41)
p = 0.40

0.70 (0.36–1.38)
p = 0.30

0.95 (0.52–1.75)
p = 0.88

0.85 (0.42–1.72)
p = 0.66

LLA duration of 
use (ref. < 1 yr)

 

1–4 yrs 0.40 (0.17–0.94)
p = 0.04*

0.33 (0.13–0.86)
p = 0.02*

0.67 (0.31–1.46)
p = 0.31

0.55 (0.22–1.36)
p = 0.20

>4 yrs 1.01 (0.49–2.08)
p = 0.98

0.81 (0.36–1.82)
p = 0.61

1.08 (0.52–2.22)
p = 0.85

0.81 (0.35–1.89)
p  = 0.63

 Sensitivity analysis (N = 236)b (N = 31,872 sites)

LLA duration of 
use (ref. < 1 yr)

Second tertile (medium) (n = 10,248 sites) Third tertile (high) (n = 10,218 sites)

1–4 yrs 0.38 (0.15–0.96)
p = 0.04*

0.34 (0.12–0.92)
p = 0.04*

0.76 (0.34–1.70)
p = 0.50

0.63 (0.25–1.59)
p = 0.33

>4 yrs 0.94 (0.45–1.99)
p = 0.88

0.80 (0.34–1.85)
p = 0.60

1.01 (0.48–2.13)
p = 0.99

0.71 (0.30–1.71)
p = 0.45

aAdjusted for age, gender, education (⩽12 yrs, 12 yrs), smoking status (never or smoker, current), alcohol consumption 
(non-current, current), waist circumference, HbA1c, BOP, examiner, and anti-inflammatory agents.
bAnti-inflammatory agents (n = 17) excluded from the data.
BOP, bleeding on probing; CAL, clinical attachment loss; 95% CI, 95% confidence interval; HbA1c, glycosylated hemoglobin 
A1C; LLA, lipid-lowering agents; OR, odds ratio; yr, year; yrs, years.
*P-value in bold indicates the level of significance of p < 0.05.

Table 5. Association between LLA use and having at least one tooth with PPD ⩾ 5 mm (N = 253 participants, 
N = 6483 teeth).

LLA use Had at least one tooth with PPD ⩾ 5 mm

Crude OR (95% CI) Adjusteda OR (95% CI)

LLA duration of use (ref. < 1 yr)  

1–4 yrs 0.34 (0.14–0.83)
p = 0.02*

0.30 (0.11–0.78)
p = 0.01*

>4 yrs 0.82 (0.43–1.53)
p = 0.53

0.82 (0.40–1.68)
p = 0.58

aAdjusted for age, gender, education (⩽12 yrs, 12 yrs.), smoking status (never or smoker, current), alcohol consumption 
(non-current, current), waist circumference, HbA1c, BOP, examiner, and anti-inflammatory agents.
BOP, bleeding on probing; 95% CI: 95% confidence interval; HbA1c, glycosylated hemoglobin A1C, LLA, lipid-lowering 
agents; OR, odds ratio; PPD, probing pocket depth; yr, year; yrs, years.
*P-value in bold indicates the level of significance of p < 0.05.

number of teeth with PPD ⩾ 4 mm and BOP on 
the same tooth (log-transformed), or number of 
teeth with CAL ⩾ 3 mm and PPD ⩾ 4 mm at the 

same site (log-transformed), were done (Table 6). 
The trends remained consistent even though the 
statistical significance in some of the subgroups of 
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Table 6. Association between LLA use and periodontitis CDC/AAP definition or other periodontal parameters 
(N = 253 participants, N = 34,274 sites, N = 6483 teeth).

Periodontitis-
CDC/AAP 
definition

Moderate PD (n = 3013 teeth) Severe PD (n = 949 teeth)

LLA use Crude OR (95% CI) Adjusteda OR  
(95% CI)

Crude OR (95% CI) Adjusteda OR  
(95% CI)

1–4 yrs 0.72 (0.36–1.48)
p = 0.38

0.60 (0.27–1.34)
p = 0.21

0.55 (0.18–1.65)
p = 0.29

0.45 (0.13–1.58)
p = 0.21

4 yrs 1.01 (0.53–1.93)
p = 0.96

0.73 (0.35–1.52)
p = 0.40

1.06 (0.44–2.54)
p = 0.89

0.89 (0.33–2.46)
p = 0.83

Percent of sites 
with PPD ⩾ 4 mm

Increase in the percent of sites with PPD ⩾ 4 mm

LLA use Crude
β (SE)

Adjusteda

β (SE)
 

1–4 yrs –0.34 (0.15)
p = 0.02*

–0.37 (0.18)
p = 0.04*

 

>4 yrs 0.10 (0.14)
p = 0.49

0.03 (0.15)
p = 0.83

 

Teeth with 
PPD ⩾ 4 mm and 
BOP at the same 
toothb

Increase in number of teeth with PPD ⩾ 4 mm and BOP at the same tooth

LLA use Crude
β (SE)

Adjusteda

β (SE)
 

1–4 yrs –0.34 (0.15)
p = 0.02*

–0.31 (0.15)
p = 0.03*

 

>4 yrs. 0.10 (0.14)
p = 0.49

0.15 (0.13)
p = 0.24

 

Teeth with 
CAL ⩾ 3 mm & 
PPD ⩾ 4 mm at the 
same site

Increase in number of teeth with CAL ⩾ 3 mm & PPD ⩾ 4 mm at the same site 

Crude β (SE) Adjusteda β (SE)

1–4 yrs −0.25 (0.15)
p = 0.10

−0.23 (0.14)
p = 0.10

>4 yrs −0.03 (0.13)
p = 0.81

−0.08 (0.11)
p = 0.49

aAdjusted for age, gender, education (⩽12 yrs, 12 yrs), smoking status (never or smoker, current), alcohol consumption 
(non-current, current), waist circumference, HbA1c, BOP (or plaque index for teeth with PPD ⩾4 mm and BOP), examiner, 
and anti-inflammatory agents.
bLog-transformed of the periodontal variables and use of multiple linear regression models with robust standard errors.
β, beta coefficient; BOP, bleeding on probing; CAL, clinical attachment loss; CDC/AAP, Centers for Disease Control and 
Prevention/American Academy of Periodontology; 95% CI, 95% confidence interval; HbA1c, glycosylated hemoglobin A1C; 
LLA, lipid-lowering agents; OR, odds ratio; PD, periodontal disease; PPD: probing pocket depth; SE: standard error; yrs, 
years.
*P-value in bold indicates the level of significance of p < 0.05.
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Table 7. Association between glycemic or insulin measures and medium/high tertiles of percent of PPD ⩾ 4 mm (reference: lowest 
tertile) by duration of LLA use (N = 253 participants, N = 34,274 sites).

Glycemic measures LLA < 1 year 
(n  = 140) (n =  
18,951 sites)

LLA 1–4 years 
(n = 46) (n = 6549 
sites)

LLA > 4years (n =  
67) (n = 8774 sites)

p Value 
(LLA > 4 years)

HbA1c (%) Mean ± SD 7.88 ± 1.86 7.83 ± 1.86 8.51 ± 2.14  

OR (95% CI)a 1.23 (0.96, 1.59) 1.09 (0.73, 1.63) 1.36 (1.00, 1.85) 0.05*

Fasting glucose (mg/dL) Median (Q1, Q3) 140.5 (116, 188.5) 135 (119, 156.5) 153 (117, 193)  

OR (95% CI) 1.00 (0.98, 1.01) 1.00 (0.99, 1.01) 1.01 (1.00, 1.02) 0.05*

Fasting insulin (mIU/L) Median (Q1, Q3) 12.4 (8.1, 18.4) 11.4 (7.3, 17.4) 16.5 (8.9, 27.2)  

OR (95% CI) 1.00 (0.98, 1.03) 1.00 (0.96, 1.04) 1.01 (0.97, 1.05) 0.58

HOMA-IR Median (Q1, Q3) 78.3 (45.4, 140.9) 72.4 (41.5, 128.6) 155.6 (56.1, 204.2)  

OR (95% CI) 1.00 (1.00, 1.01) 1.00 (0.99, 1.00) 1.00 (1.00, 1.01) 0.22

Each glycemic measure evaluated in a separate model.
aAdjusted for age, gender, education (⩽12 years, 12 years), smoking status (never or smoker, current), alcohol consumption (non-current, current), 
waist circumference, BOP, and anti-inflammatory agents.
BOP, bleeding on probing; 95% CI, 95% confidence interval; HbA1c, glycosylated hemoglobin A1C; HOMA-IR, homeostatic model assessment of 
insulin resistance; LLA, lipid-lowering agents; OR, odds ratio; PPD, probing pocket depth.
*P-value in bold indicates the level of significance of p < 0.05. The value number was rounded-up to 0.05.

the periodontal parameters was lost due probably 
to the lower proportions of the participants within 
them.

It is striking that among LLA users >4 years, the 
mean HbA1c was significantly greater than for 
participants who used LLA for less than 4 years 
(Table 7). Participants with an increase in HbA1c 
level had 36% higher odds of having medium/
high percent of sites with PPD ⩾ 4 mm (adj. OR: 
1.36, 95% CI: 1.00–1.85) than with a lower mean 
of HbA1c level.

Discussion
We found that administration of LLA such as statins 
for 1–4 years is associated with lower values of peri-
odontal measures in individuals with T2D, but the 
benefit is lost for LLA use beyond 4 years. Moreover, 
the loss of long-term benefits from statins may be 
influenced by poorer glycemic control that 
enhances risk factors for periodontitis among 
T2D-participants. The results of this study may 
have important clinical ramifications for individuals 
with T2D and PD who are treated with LLA.

HMG-CoA reductase inhibitors, referred to as 
statins, are the most prescribed lipid-lowering 

drugs used to prevent/treat CVD.45,46 Previous 
studies suggest that statins might improve perio-
dontal parameters based on their anti-inflamma-
tory and antibacterial properties.24,25 Few clinical 
studies have reported the impact of orally admin-
istered statins on PD or tooth loss.24,26,36,47–50 Our 
study showed that individuals with T2D who 
reported taking LLA between 1 and 4 years have 
lower values of periodontal parameters compared 
to T2D participants with minimal LLA use. 
However, this benefit was lost for participants 
taking LLA for more than 4 years.

Similar studies in individuals with no T2D have 
been conflicting. Some studies reported associa-
tions between statin use and lesser periodontitis 
severity26,27,48,50; two studies showed little rela-
tionship between statin use and tooth loss.49,51 A 
retrospective study by Cunha-Cruz et al. from 
1021 individuals reported that any statin use dur-
ing the first 3 years after the initial periodontal 
exam was associated with a 48% reduction in 
tooth loss in subsequent years. Meisel et al47 
showed statin use over 5 years was associated with 
nearly 28% reduction in the risk of tooth loss in a 
population-based longitudinal study in Pomerania 
but did not show a reduction in PD progression 
probably due to the limited periodontal analysis. A 
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recent prospective study based of a large popula-
tion-based electronic database from the Korean 
National Health Insurance Service-Health 
Screening (KNHIS-HS) cohort reported an 
increase in the risk of developing chronic perio-
dontitis with long-term use of statins (>1 year) 
compared to short-term users (⩽1 year).52 
However, the interpretation of the results is tem-
pered by determination of periodontitis using an 
insurance code rather than clinical measurements.

Our previous findings from the baseline data of 
the SOALS, which included overweight or obese 
individuals showed LLA to be associated with 
both lower systemic and gingival/periodontal 
inflammation.53 In the present study, among indi-
viduals with T2D in whom systemic inflamma-
tion is common, oral intake of LLA appeared to 
be associated with a clinically healthier periodon-
tium, but only for 1–4 years duration. The rea-
sons for the limited benefits may be due to the 
small sample size power of the analysis or the 
impact of statins on T2D onset or severity or an 
unanticipated consequence of LLA treatment. 
We found that LLA > 4 years was linked to higher 
HbA1c levels in participants with periodontitis. 
This is consistent with reports that statins are 
associated with an increased risk of new-onset of 
T2D54 and/or worsened glucose control.55

In the present study, LLA use of 1–4 years was 
associated with lower odds of having high tertile 
percent of sites with PPD ⩾ 4 mm, and lower 
odds of having medium percent of sites with 
CAL ⩾ 4 mm as compared to low tertile of respec-
tive outcomes. Oral clinical parameters, PI and 
BOP were not treated as outcomes, and were 
used to adjust the statistical models to assess the 
magnitude of the estimates of the association 
between LLA use and PDs or tooth loss. We 
defined BOP based on the presence of bleeding at 
the buccal and lingual surface of each tooth when 
any site on those surfaces was bleeding after prob-
ing.56 Ideally, we could have used any of the six 
tooth sites with BOP (interproximal distal at buc-
cal side, mid-buccal, and interproximal mesial at 
buccal side, interproximal mesial at lingual side, 
mid-lingual, and interproximal distal at lingual 
side). However, when there was high level of 
bleeding while probing, the flow of the blood 
from one site contaminated the other sites in the 
pocket, and the exact source of the blood flow 
was difficult to determine. Thus, we only recorded 
bleeding from any random two of the six sites at 

the lingual and buccal surfaces of each tooth to 
increase measurement accuracy.

We understand that controlling for too many 
covariates in addition to data stratification by out-
come levels may cause overfit of the multivariable 
model when the study aims to assess the associa-
tion between an exposure and clinical out-
come.57,58 However, the crude estimates of the 
associations by the outcome category were similar 
to the adjusted estimates. Moreover, the esti-
mates obtained from reduced models by drop-
ping other covariates, such as ‘examiner ID, and 
anti-inflammatory agents’ were similar to full 
models carried out in this work. It should be 
noted that some investigators prefer maximizing 
the covariate analysis,59 especially in retrospective 
studies, to make the independent association 
more reliable.

The present study used periodontal parameters 
derived from the original proposal, which was 
submitted and accepted back in 2016, and the 
data were collected based on the original proto-
col. Thus, the latest classification of periodontitis 
from 2018 was not used.60 Note that each perio-
dontal parameter or case definition of PD has its 
own advantages or drawbacks, and so far, no per-
fect and/or satisfying PD case definition has been 
established. Recent findings, such as those from 
the study by Nascimento et al. reported the new 
classification system not to adequately capture 
the periodontal response to therapy in their study 
population.61 Nonetheless, we have attempted to 
use the periodontitis CDC/AAP definition, which 
is based on both PPD and CAL parameters col-
lected at the four interproximal sites of each 
tooth, which is used for population surveillance 
or prevalence studies.44 We measured PPD and 
CAL at six sites per tooth. Although CAL on the 
direct buccal and lingual may be due to gingival 
recession, we included these measurements in the 
data analysis since periodontal inflammation, a 
focus of our study, is one of the primary factors 
contributing to gingival recession.62–66 Moreover, 
two other approaches were utilized,67–70 which 
included the increase in number of teeth with 
PPD ⩾ 4 mm and BOP on the same tooth,67 or 
increase in number of teeth with CAL ⩾ 3 mm 
and PPD ⩾ 4 mm at the same site68 to assess the 
associations. The periodontal parameter of ‘hav-
ing a site with CAL ⩾ 3 mm and PPD ⩾ 4 mm at 
the same site’ would help to reduce, at least par-
tially, the potential confounding of gingival 
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recession at the buccal and lingual sites, although 
that would create a new bias with missing of sites 
with CAL but no pocket depth at the interproxi-
mal areas. Likewise, the parameter ‘having a 
tooth or site with PPD ⩾ 4 mm and BOP’ has 
quite the same drawbacks as the primary outcome 
‘site with PPD ⩾ 4 mm’, which reflects the pres-
ence of periodontal inflammatory status without 
considering the CAL.

We used PPD as the primary outcome. Since 
PPD measures may include pseudo-pockets, we 
also examined CAL and tooth loss. These alter-
native outcome measurements also have disad-
vantages as sites with CAL may reflect gingival 
recession without formation of periodontal pock-
ets and there are multiple reasons for tooth loss.71

Due to the very small number of participants tak-
ing fibrates (5%) or other medications, such as 
omega-3, cholestyramine, or ezetimibe (2%), we 
could not present the results by these types of 
LLA use. However, these medications have the 
same indication of use as the statins to treat dys-
lipidemia even though the mechanisms of actions 
and the properties may differ,72 and we combine 
them with the statins to be under the group of 
LLA as defined in the original proposal of the 
present study. We ensured valid and reliable data 
with rigorous LLA assessment and periodontal 
measures conducted using the NHANES proto-
col.30,73 We assessed and adjusted for important 
potential confounders, including sociodemo-
graphic data, lifestyle habits, oral hygiene meas-
ures (BOP or plaque index), and diabetes 
medications (metformin or insulin) and/or dura-
tion. Further adjustment of the models for fac-
tors related to other medications, such as blood 
pressure or neurological medications; serum 
lipid (i.e. HDL-C, LDL-C, total cholesterol, 
and triglycerides), glucose, or insulin levels; 
brushing or flossing teeth; dental exams or treat-
ment, such as participants’ reports on the 
reason(s) to visit dental office within the last 
12 months, which included routine dental exam-
ination (96/253), dental cleaning (165/253), 
diagnosis of PD (6/253); or history of previous 
periodontal treatment did not significantly 
change the estimates of the associations. The 
extensive exclusion criteria were challenging for 
recruitment, but necessary to ensure the homo-
geneity of the sample population, reduce con-
founding factors, assure ethical principles, and 
improve the study validity.

Certain limitations need to be considered. Since 
this is a convenience sample, it is possible that the 
findings will not be generalizable. However, there 
is little reason to expect that the relationship 
between LLA and periodontitis/tooth loss would 
be different for a random population. Recall bias 
is inherent to a cross-sectional design. However, 
meticulous questions, including past and present 
detailed history of medication use (e.g., switch to 
other medications, the reason(s) to stop taking 
the medications, etc.), were administered in each 
subsequent year, which might have helped to 
boost participants’ memory. Healthy user bias 
might have occurred as well rendering to the ben-
eficial effect of LLA use, that is, those who 
reported taking LLA might have likely been more 
aware of their health and engaged in a healthier 
lifestyle. However, further adjustment for lifestyle 
factors (e.g., smoking or alcohol drinking status, 
oral hygiene or doing exercise, etc.) did not alter 
the estimates of the associations. Another limita-
tion included the definition of ‘former smoker’, 
which was defined as having smoked at least 100 
cigarettes, but had stopped smoking prior to the 
study visit regardless of the duration of non-
smoking given the impact of smoking cessation 
on periodontitis.74 However, due to the low qual-
ity and complexity of the information on partici-
pant’s report on several times of attempts to stop 
smoking, we regrouped and used the smoking 
status in category of ‘current’ versus non-current 
smoking throughout the data analysis. Finally, 
the cross-sectional nature of the study of the asso-
ciation does not enable a causal interpretation. 
Both LLA and periodontal status were measured 
at one time point, and we cannot disentangle the 
temporal sequence. The study of the independent 
association between LLA use and the values of 
periodontal parameters in individuals with T2D 
is challenging due to the interaction and/or cor-
relation between the various conditions, such as 
obesity, lipid measures, glycemic control, and 
periodontitis. Moreover, obesity, T2D, and PD 
may share underlying common biological mecha-
nisms, as these chronic health conditions often 
occur in the same individuals revealing a comor-
bid condition,75,76 making it difficult to disentan-
gle the independent effect of one on others.

Conclusion
This cross-sectional study suggests LLA use for 
1–4 years to be associated with lower values of 
periodontal parameter outcomes in patients with 
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T2D. Large, prospective clinical studies or trials 
are needed to explore this further. Interestingly, 
our study also supports a relationship between 
poorer glycemic control and PD as HbA1c levels 
were significantly higher in individuals with 
PPD ⩾ 4 mm among LLA users >4 years. Under 
the study design limitations, the finding that 
short-term LLA use is associated with lower val-
ues of periodontal parameters in a diabetic popu-
lation, but not long-term use has clinical 
ramifications and may help clarify some of the 
controversies regarding the benefit in humans. 
Furthermore, the poorer glycemic control for per-
iodontal patients with long-term LLA use points 
to the need to monitor these patients carefully.
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