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with several comorbidities, such as cardiovascular dis-
ease, cancer, and respiratory disease [3]. A large-scale 
study recently showed that periodontitis increased the 
risk of coronary artery disease and all-cause mortality [4].

Both periodontitis and dyslipidemia are major risk fac-
tors for cardiovascular disease [5]. High triglycerides, 
low-density lipoprotein cholesterol (LDL-C), and low 
high-density lipoprotein cholesterol (HDL-C) are cur-
rently among the well-known lipid markers that are sig-
nificantly associated with cardiovascular diseases [6]. In 
clinical studies, the atherogenic index of plasma (AIP), an 
indicator of Dyslipidemia, was defined as a more effective 
cardiovascular disease marker than the traditional ones 

Introduction
Periodontitis is recognized as a chronic, multifactorial, 
inflammatory disease caused by the interaction of bac-
terial biofilms and host response [1]. The disease which 
includes both periodontitis and gingivitis, affects more 
than half of the world’s population, with more than 10% 
suffering from severe periodontitis [2]. It is associated 
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Abstract
Background Serum lipids have been proven to influence periodontitis. The atherogenic index of plasma (AIP) is an 
important marker of lipid levels. The purpose of this study was to investigate the association between periodontitis 
and AIP in adults.

Methods The study included participants from the 2009–2014 National Health and Nutrition Examination Survey 
who received a complete periodontal exam and a complete record of AIP. AIP was calculated as log10 (triglycerides/
high-density lipoprotein cholesterol). Periodontitis can be classified into four categories based on attachment loss and 
probing depth (no periodontitis, moderate periodontitis, mild periodontitis, and severe periodontitis). Multivariable 
logistic regression after adjusting and hierarchical analysis were conducted to investigate the relationship between 
periodontitis and AIP in adults.

Results The final sample included 4,371 participants, representing approximately 60 million people in the United 
States. Periodontitis among the AIP groups (quartile, Q1-Q4) was statistically significant (P < 0.05). Univariate analysis 
showed that AIP was associated with the incidence of periodontitis (P < 0.05), but not with the severity of periodontitis 
(P > 0.05) in participants. Multifactorial logistic regression analysis showed no correlation between the incidence of 
periodontitis and AIP among all participants (the trend P-value = 0.341), but a significant association with AIP in the 
non-smoking participants (the trend P-value = 0.031).

Conclusion There was a significant correlation between periodontitis and AIP in the non-smoking population.
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[7, 8]. AIP has a significant role in a variety of diseases, 
including obstructive sleep apnea, bone trabecular scores 
in menopausal women, and even mortality in patients 
with new coronary artery diseases [9–11].

Serum lipids have been proven to influence the sever-
ity of periodontitis, with lipid-mediated inflammatory 
responses playing an important role [12, 13]. Treatment 
of hyperlipidemia aids in reducing the loss of periodontal 
disease attachment [14]. A survey of 874 Chinese older 
adults aged > 60 years revealed that participants with low 
HDL-C levels were more likely to suffer from periodonti-
tis [15]. Similar results were detected in the Korean pop-
ulation, where lipid markers were found to be stronger 
predictors of periodontitis [16].

Therefore, in the present study, our primary objective 
was to elucidate the relationship between the presence 
and severity of periodontitis and AIP in a large nationally 
representative sample of adults.

Methods
Study population
The NHANES, National Health and Nutrition Examina-
tion Survey, is a major program of the National Center for 
Health Statistics that began in the early 1960s, to assess 
the health and nutritional status of adults and children in 
the United States. The survey combines household inter-
views and health screenings to provide comprehensive 
biological, psychosocial, behavioral, and demographic 
information free of charge. This cross-sectional analysis 
was conducted using data from the 2009–2014 cycle of 
the NHANES. The data were sourced from a database of 
household interviews and physical examinations. This 
manuscript followed Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guide-
lines for human observational studies. Data are de-iden-
tified, can be publicly accessed at https://www.cdc.gov/
nchs/nhanes.

The study involving human participants were reviewed 
and approved by the NCHS. The Research Ethics Review 
Committee approved the NHANES survey protocol. 
Institutional Review Board approval and documented 
consent was obtained from participants (https://www.
cdc.gov/nchs/nhanes/irba98.htm).

There were 30,468 participants in the 2009–2014 cycle 
of NHANES, of which 26,097 were excluded from the 
study. Participants were excluded based on the following 
criteria: missing value for AIP by a blood test (n = 20,975), 
periodontitis according to the Centers for Disease Con-
trol and Prevention-American Academy of Periodon-
tology (CDC-AAP) periodontitis case definitions [17] 
(n = 4524), annual family income (n = 207), marriage 
(n = 2), an education level (n = 7), smoking (n = 3), drink-
ing (n = 360), and body mass index (n = 19). As a result, 
4371 participants were enrolled in the present study for 

further analysis (Fig. 1). Each sample in NHANES data-
base has its own sample weight, and “WTMEC2YR - Full 
sample 2 year MEC exam weight” in 2009–2010, 2011–
2012, 2013–2014 cycles were selected as the designated 
sample weight of this study.

Assessment of periodontitis
Participants were categorized based on the CDC-AAP 
periodontitis definitions [17]. Based on tooth attachment 
loss and probing depth, excluding third molars, the CDC-
AAP has classified periodontitis into four categories: no, 
mild, moderate, and severe. Detailed grouping informa-
tion is presented in Supplementary Table 1. In the study 
cohort for studying the presence of periodontitis and AIP, 
participants in the “no” group were categorized as “no 
periodontitis population”, and participants in the “mild”, 
“moderate”, and “severe” groups were categorized as 
“periodontitis populations”. In the study cohort for study-
ing the severity of periodontitis and AIP, only patients 
with periodontitis were included, which compared 
patients with mild periodontitis to those with moderate 
and severe periodontitis respectively.

Atherogenic index of plasma
AIP was assessed from a blood sample and calculated as 
log10 (triglycerides/HDL-C) and represented as a classifi-
cation variable according to the quartile method.

Covariates
The basic information of the participants was selected as 
the covariable for this study. Participants were divided 
into Non-Hispanic White, Non-Hispanic Black, Mexi-
can American, and other race according to their ethnic-
ity. Participants were divided into two groups, Married/
Living with partner and Divorced/Never married/Wid-
owed/Separated, based on whether they currently lived 
with their spouse. The Annual family income is divided 
into groups greater than $20,000 and groups less than 
or equal to $20,000. According to the level of education, 
participants were divided into three categories, respec-
tively, less than high school level, high school level, and 
more than high school level. BMI was calculated as the 
weight (kg) to height squared (m2) ratio. Participants 
were categorized into three groups: “never” (lifetime use 
of < 100 cigarettes), “former” (lifetime use of ≥ 100 ciga-
rettes and no longer smoking), or “now” (lifetime use of 
≥ 100 cigarettes and smoking every day or someday)
[18]. Participants were divided into five groups based 
on drinking history: never, former, mild, moderate, and 
heavy [19].

Statistical analysis
The primary objective was to investigate whether the 
presence and severity of periodontitis were associated 

https://www.cdc.gov/nchs/nhanes
https://www.cdc.gov/nchs/nhanes
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm
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with AIP in a large-scale population survey in the United 
States. All participants were divided into four groups 
according to the previous classification method of peri-
odontitis: no, moderate, mild, and severe. AIP (continu-
ous variables) was represented by quartiles in the study. 
Complex data were calculated using descriptive statistics. 
Categorical variables among covariates were calculated 
as unweighted frequencies and weighted estimates of 
overall proportions, and continuous variables were pre-
sented as mean ± standard error. Baseline data for study 
participants were grouped using the AIP quartile. The 
chi-square test or Student’s t-test was used to determine 
the P-value of the distribution. Univariate logistic regres-
sion was performed to evaluate the correlation between 
the presence and severity of periodontitis and AIP with 

other covariates. Furthermore, stratified analysis was 
used to assess the relationship between the presence and 
severity of periodontitis and AIP according to age, sex, 
BMI, smoking, and alcohol consumption. Multinomial 
regression analyses were conducted to investigate the 
correlation between the presence of periodontitis and 
AIP. Models were adjusted for age, sex, BMI, ethnicity, 
annual family income, education, smoking, and drinking. 
All statistical analyses in this study were carried out using 
the R version 4.1.2 (NHANESR package). P = 0.05 was 
used to determine the statistical significance.

Fig. 1  A flowchart of the participant selection process
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Results
The weighted characteristics of the analyzed samples are 
shown in Table 1. The final sample included 4371 partici-
pants, 2191 (50.1%) men, and 2180 (49.9%) women, aged 
30–80 years, representing 60 million people in the United 
States. AIP ranged from − 1.09 to 1.70, with a median of 
-0.05. Patients with periodontitis accounted for 50% of 
the total population, among which 4% had mild, 35% had 
moderate, and 11% had severe periodontitis. Statistically 
significant differences (P ≤ 0.05) were detected between 
periodontitis and AIP. Covariates with significant 

differences included age, sex, BMI, race, marriage, educa-
tion, smoking, and alcohol consumption.

Univariate logistic regression analysis showed that 
AIP was associated with the incidence of periodonti-
tis (Table 2). The odds ratio (OR) values and 95% confi-
dence intervals for the risk of periodontitis in groups Q2, 
Q3, and Q4 in comparison to group Q1 were 1.36 (1.07, 
1.74), 1.60 (1.24, 2.06), and 1.64 (1.26, 2.14), respectively. 
AIP was not associated with the severity of periodonti-
tis (P > 0.05) but was positively associated with the risk 
of periodontitis. In addition, the severity of periodontitis 

Table 1 Baseline characteristics of participants with different AIPs
Atherogenic Index of Plasma

Variable Q1
(-1.093, -0.266)

Q2
(-0.266, -0.049)

Q3
(-0.049, 0.178)

Q4
(0.178, 1.698)

P

N = 1093 (25.01%) N = 1092 (24.98%) N = 1095 (25.05%) N = 1091 (24.96%)
Age 51.38(0.63) 51.16(0.49) 52.02(0.43) 50.31(0.47) 0.05

Sex < 0.0001

Male 372(32.02) 535(48.15) 573(54.52) 711(66.58)

Female 721(67.98) 557(51.85) 522(45.48) 380(33.42)

BMI < 0.0001

<=25 498(48.25) 314(28.11) 215(19.33) 136(10.44)

25–30 338(32.05) 402(39.44) 369(35.01) 402(34.71)

>30 257(19.70) 376(32.46) 511(45.66) 553(54.85)

Ethnicity < 0.0001

Non-Hispanic White 491(71.17) 507(72.30) 471(68.39) 545(73.77)

Non-Hispanic Black 318(14.64) 230(10.39) 192(8.58) 107(4.87)

Mexican American 89(4.89) 135(6.78) 191(9.53) 200(9.56)

Other Race 195(9.31) 220(10.53) 241(13.49) 239(11.80)

Marriage 0.86

Married/Living with partner 686(70.78) 709(70.25) 740(70.57) 732(68.73)

Divorced/Never married/Widowed/Separated 407(29.22) 383(29.75) 355(29.43) 359(31.27)

Annual family income 0.002

<=20,000 450(44.19) 418(38.06) 400(34.11) 420(34.39)

>20,000 643(55.81) 674(61.94) 695(65.89) 671(65.61)

Education < 0.0001

Less than high school 178(10.16) 235(13.99) 263(16.92) 311(18.92)

High school 212(16.32) 233(20.28) 249(22.74) 246(22.74)

More than high school 703(73.52) 624(65.73) 583(60.34) 534(58.34)

Smoke < 0.0001

Never 673(63.35) 648(60.62) 601(52.80) 538(50.64)

Former 266(25.44) 260(25.07) 300(29.44) 286(26.04)

Now 154(11.21) 184(14.31) 194(17.76) 267(23.32)

Drink < 0.0001

Never 147(10.35) 134(9.49) 181(13.07) 130(8.20)

Former 151(11.01) 180(14.26) 209(15.56) 224(17.59)

Mild 418(41.83) 454(43.82) 361(36.59) 344(34.50)

Moderate 208(22.16) 146(15.49) 145(15.97) 136(16.61)

Heavy 169(14.65) 178(16.94) 199(18.80) 257(23.10)

Periodontitis 0.002

No 627(66.40) 549(59.19) 526(55.29) 499(54.58)

Mild 39(3.12) 44(3.91) 54(4.44) 54(4.75)

Moderate 333(25.60) 390(29.85) 390(31.67) 403(31.33)

Severe 94(4.88) 109(7.05) 125(8.60) 135(9.34)



Page 5 of 8Sun et al. BMC Oral Health          (2023) 23:166 

was found to be significantly associated with smoking, 
alcohol consumption, and education level (Table 2).

The relationship between periodontitis and AIP was 
examined using multifactorial analysis (Supplementary 
Table  2). Groups with low AIP values (Q1) were less 
likely to develop periodontitis than Q2, Q3, and Q4 (the 

trend P-value < 0.001) in the unadjusted model (model 
1). While age and gender were adjusted in model 2. The 
trend P-value in both models was consistent with that in 
the unadjusted model group, indicating that participants 
with low AIP values were less likely to develop periodon-
titis. Notably, after adjusting all covariates in Table  1 
in model 3, the trend P-value was 0.341, and the P-val-
ues of all groups were > 0.05 as compared to group Q1. 
This indicated that there was no significant correlation 
between periodontitis and AIP in all participants.

Further, stratified analyses were performed based on 
age, sex, BMI, smoking, and drinking (Table  3). In the 
age-stratified analysis, only the 30–40 years and 40–50 
years age groups with periodontitis were positively asso-
ciated with AIP (the trend P-value < 0.05). In the sex-
stratified analysis, the incidence of periodontitis was 
associated with AIP only in female participants, and the 
OR values and 95% confidence intervals of groups Q2, 
Q3, and Q4 were 1.441 (1.000, 2.078), 1.674 (1.188, 2.359) 
and 1.650 (1.168, 2.331) respectively, compared to group 
1. In the stratified analysis between BMI groups, signifi-
cant differences in the prevalence of periodontitis in dif-
ferent groups of AIP were detected in BMI ( < = 25) and 
BMI (25–30) (the trend P-value = 0.01). In the lifestyle 
habits-stratified analysis, we found that periodontitis was 
significantly associated with AIP in never-smoking par-
ticipants (the trend P-value < 0.001).

The most significant differences were found in the 
40–50 years age group (the trend P-value < 0.001) in the 
age-stratified analysis, and the non-smoking patients (the 
trend P-value < 0.001) in the smoking-stratified analysis. 
Subsequently, we analyzed the relationship between peri-
odontitis and AIP using multifactorial logistic regression 
in the non-smoking (Table 4) and 40–50 years age groups 
(Supplementary Table  3). After adjusting all covariates, 
the trend p-value for the relationship between periodon-
titis and AIP was 0.031 and 0.162 in the non-smoking 
participants and 40–50 age group participants respec-
tively. This showed that the prevalence of periodontitis 
was significantly associated with AIP in the non-smoking 
population.

Discussion
Periodontitis is the most common oral disease and the 
sixth most prevalent human disease [20]. Therefore, 
research into how periodontitis affects bodily functions 
is crucial for the public health domain. A popular topic 
among these is the relationship between periodontitis 
and blood lipid. Studies have shown that patients with 
periodontitis have significantly lower HDL-C [21, 22]. A 
meta-analysis also showed that participants with peri-
odontitis had lower HDL-C levels than those without 
the condition [22]. Other studies have, however, found 
no significant correlation between periodontitis and 

Table 2 Univariate analysis of variables associated with the 
presence and severity of periodontitis

Presence Severity
Variable 95% CI P 95% CI P
Age 1.04(1.03,1.05) < 0.0001 1.04(1.03,1.06) < 0.0001

Sex

Male ref ref ref ref

Female 0.55(0.48,0.63) < 0.0001 0.77(0.50,1.18) 0.22

BMI

<=25 ref ref ref ref

25–30 1.01(0.82,1.25) 0.93 0.64(0.40,1.03) 0.06

>30 1.16(0.95,1.42) 0.15 0.51(0.29,0.91) 0.02

Ethnicity

Non-Hispanic 
White

ref ref ref ref

Non-Hispanic Black 2.17(1.64,2.87) < 0.0001 1.03(0.66,1.60) 0.89

Mexican American 2.49(1.84,3.36) < 0.0001 0.88(0.48,1.59) 0.66

Other Race 1.42(1.08,1.85) 0.01 1.66(0.86,3.19) 0.12

Marriage

Married/Living 
with partner

ref ref ref ref

Divorced/Never 
married/Widowed/
Separated

1.58(1.36,1.84) < 0.0001 0.95(0.69,1.30) 0.73

Annual family 
income

<=20,000 ref ref ref ref

>20,000 1.24(1.05,1.46) 0.01 0.97(0.59,1.59) 0.89

Education

Less than high 
school

ref ref ref ref

High school 0.55(0.44,0.68) < 0.0001 0.58(0.34,1.01) 0.05

More than high 
school

0.25(0.20,0.31) < 0.0001 0.42(0.27,0.66) < 0.001

Smoke

Never ref ref ref ref

Former 1.67(1.33,2.10) < 0.0001 2.65(1.63,4.30) < 0.001

Now 2.98(2.39,3.72) < 0.0001 2.79(1.70,4.57) < 0.001

Drink

Never ref ref ref ref

Former 1.30(0.96,1.77) 0.09 0.68(0.35,1.33) 0.25

Mild 0.72(0.52,1.00) 0.05 0.52(0.30,0.91) 0.02

Moderate 0.57(0.39,0.82) 0.004 0.34(0.16,0.75) 0.01

Heavy 1.10(0.72,1.68) 0.65 0.47(0.26,0.86) 0.01

AIP

Q1 ref ref ref ref

Q2 1.36(1.07,1.74) 0.01 0.97(0.51,1.83) 0.91

Q3 1.60(1.24,2.06) < 0.001 0.93(0.54,1.61) 0.79

Q4 1.64(1.26,2.14) < 0.001 0.88(0.50,1.54) 0.64
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HDL-C [23, 24]. The heterogeneity of these results could 
be attributed to differences in sample size and participant 
characteristics and warrants a larger sample size of sur-
vey results for verification.

AIP has been used to quantify comprehensive lipid 
levels as a reliable biomarker of dyslipidemia [7]. Studies 
have shown that AIP is associated with a variety of bio-
logical events, including obstructive sleep apnea, bone 
trabecular scores in menopausal women, and even mor-
tality in patients with new coronary arteries [9–11]. It is 
also considered a biomarker for coronary syndrome and 
metabolic syndrome and is positively associated with the 
risk of cardiovascular diseases [25].

Based on the above information, we concluded that 
there may be a possible link between periodontitis 
and AIP. The traditional single-center, small-sample 

population approach to evaluate the relationship between 
periodontitis and lipid levels is still controversial and has 
low predictive value. In contrast, our study could obtain 
relatively reliable results using data from a national popu-
lation survey.

In our study, AIP was used as four categorical vari-
ables. The results of the univariate logistic analysis 
showed a significant association between the presence 
of periodontitis and AIP, but not between the severity 
of periodontitis and AIP. The results of our multifacto-
rial logistic analysis, controlling all covariates, showed 
no significant relationship between the presence of peri-
odontitis and AIP. To investigate whether this correla-
tion exists in a specific population, we used the stratified 
analyses and found significant differences in periodontal 
disease prevalence between different AIP groups among 

Table 3 Stratified analyses of the relationship between AIP and periodontitis according to age, sex, BMI, smoking, and alcohol 
consumption

Atherogenic Index of Plasma
Q1 Q2 P Q3 P Q4 P P for trend

Age

30–40 Reference 1.187(0.775,1.818) 0.422 1.553(1.017,2.371) 0.042 1.751(1.183,2.592) 0.006 0.003

40–50 Reference 2.149(1.529,3.021) < 0.0001 2.834(1.709,4.700) < 0.001 3.190(2.005,5.075) < 0.0001 < 0.0001

50–60 Reference 1.179(0.736,1.890) 0.485 1.400(0.773,2.537) 0.260 1.401(0.833,2.357) 0.198 0.188

60–70 Reference 1.782(0.890,3.569) 0.101 1.545(0.837,2.853) 0.160 1.732(0.786,3.817) 0.169 0.199

70–80 Reference 0.892(0.540,1.473) 0.647 0.816(0.486,1.372) 0.435 0.627(0.344,1.141) 0.123 0.09

Sex

Male Reference 1.002(0.700,1.435) 0.990 1.125(0.765,1.654) 0.542 1.091(0.767,1.553) 0.621 0.51

Female Reference 1.441(1.000,2.078) 0.050 1.674(1.188,2.359) 0.004 1.650(1.168,2.331) 0.005 0.003

BMI

<=25 Reference 1.308(0.909,1.884) 0.145 1.900(1.161,3.110) 0.012 1.680(0.874,3.227) 0.117 0.01

25–30 Reference 1.459(0.940,2.264) 0.090 1.438(0.837,2.471) 0.183 1.885(1.214,2.927) 0.006 0.01

> 30 Reference 1.297(0.813,2.070) 0.268 1.555(0.995,2.431) 0.053 1.444(0.904,2.306) 0.121 0.095

smoke

never Reference 1.440(1.066,1.945) 0.018 1.788(1.290,2.479) < 0.001 1.920(1.361,2.709) < 0.001 < 0.001

former Reference 1.199(0.791,1.819) 0.385 1.155(0.757,1.764) 0.496 1.205(0.815,1.782) 0.342 0.435

now Reference 1.175(0.593,2.325) 0.637 1.146(0.675,1.945) 0.607 0.874(0.446,1.710) 0.687 0.527

drink

never Reference 1.474(0.750,2.898) 0.253 1.769(0.941,3.326) 0.075 1.806(0.995,3.280) 0.052 0.044

former Reference 1.065(0.648,1.752) 0.799 1.877(1.041,3.387) 0.037 1.848(1.040,3.284) 0.037 0.018

mild Reference 1.314(0.869,1.989) 0.191 1.200(0.771,1.870) 0.411 1.320(0.863,2.017) 0.195 0.268

moderate Reference 1.934(1.154,3.241) 0.014 1.941(1.100,3.427) 0.023 2.296(1.335,3.948) 0.003 0.005

heavy Reference 1.000(0.627,1.593) 0.999 1.390(0.787,2.458) 0.250 1.137(0.670,1.929) 0.628 0.462

Table 4 Adjusted multinomial logistic regression of AIP with periodontitis in a non-smoking population
Q1 Q2 Q3 Q4 p for trend

OR (95% CI) P OR (95% CI) P OR (95% CI) P
The presence of periodontitis

Model 1 Reference 1.440(1.066,1.945) 0.018 1.788(1.290,2.479) < 0.001 1.920(1.361,2.709) < 0.001 < 0.001

Model 2 Reference 1.374(0.994,1.899) 0.054 1.600(1.107,2.315) 0.014 1.769(1.216,2.574) 0.004 0.003

Model 3 Reference 1.310(0.890,1.929) 0.165 1.347(0.881,2.060) 0.162 1.672(1.066,2.624) 0.027 0.031
Model 1: Unadjusted

Model 2: Adjusted for age and sex

Model 3: Adjusted for age, sex, BMI, ethnicity, annual family income, education, and drinking
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the non-smoking patient group and the 40–50 age group, 
respectively. After controlling all covariates, multivari-
ate logistic regression showed a significant association 
between the presence of periodontitis and AIP in the 
non-smoking population.

Our results are similar to the previously reported 
association between periodontitis and dyslipidemia. A 
meta-analysis also showed that periodontal disease was 
associated with hyperlipidemia [26]. Gomes-Filho et al. 
showed that patients with periodontitis were 1.47 times 
more likely to have a TG/HDL-C ratio ≥ 2.3 than patients 
without periodontitis, indicating a positive association 
between periodontitis and dyslipidemia [27]. However, 
our results showed that this correlation was only present 
in non-smoking participants. This may be due to the fact 
that smoking can affect both serum lipids and periodon-
titis [28, 29]. In non-smoking patients, the correlation 
between periodontitis and AIP better reflects their close 
link.

We speculate that in patients with periodontitis, the 
release of inflammatory mediators from periodontal 
tissues into the bloodstream may cause systemic low-
intensity inflammation, which can adversely affect health 
[30]. This systemic inflammation interferes with HDL-C 
production while increasing LDL-C and triglyceride lev-
els [31]. Moreover, changes in lipoproteins and lipids 
may affect the development of several systemic disease 
processes, while the inflammatory response of the body 
caused due to periodontitis may alter the body’s immune 
response through multiple mechanisms [32, 33].

As a result, the findings of the present study provide a 
theoretical basis for offering information on periodontitis 
and body lipid levels. The main advantage of this study 
is that we were able to obtain relatively reliable data and 
reduce bias by analyzing a large sample of the population. 
Another advantage of this study is that we obtained more 
reliable results by determining the relationship between 
discriminating AIP and periodontitis in different popula-
tions through stratified analyses.

Despite the study’s novel findings from a large US pop-
ulation sample, it has several limitations. First, because 
the study used a cross-sectional design, we were unable 
to determine the complex causal relationship between 
periodontitis and AIP. Second, it was unable to exclude all 
confounding factors that could impact the results, such 
as diabetes, hypertension, arrhythmia, fatty liver, and 
other diseases that can affect lipid abnormalities. Because 
retrospective studies are very difficult to accurately diag-
nose related diseases, this study did not include relevant 
contents. Third, the reason for the significant correlation 
between periodontitis and AIP in the non-smoking pop-
ulation needs to be investigated further.

Conclusion
The present study found a significant correlation between 
periodontitis and AIP in the non-smoking population.
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