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Abstract: Objective: This study investigated the interaction of dyslipidemia and hyperuricemia on periodontitis in pa-
tients with type 2 diabetes mellitus (T2DM). Methods: The clinical data of 220 patients with T2DM (diabetes group)
treated in Tianjin Baodi Hospital from January 2019 to December 2021 were retrospectively analyzed. Another
200 healthy subjects in the same period were selected as the control group. The correlation of hyperuricemia and
hyperlipidemia with diabetes was tested by the spearman correlation coefficient. Multivariate logistic regression
was used to analyze the multiplicative interaction and additive interaction of dyslipidemia and hyperuricemia on
periodontitis. Results: Diabetes was positively correlated with hyperuricemia and hyperlipidemia (P<0.05). Patients
with dyslipidemia (OR = 8.107, 95% Cl: 2.687-24.457) and hyperuricemia (OR = 2.940, 95% Cl: 0.970-8.909) had a
higher risk of periodontitis, but there was no multiplicative interaction effect of dyslipidemia and hyperuricemia on
periodontitis (OR = 1.864, 95% Cl: 0.256-13.545, P>0.05). The risk of developing diabetes was higher in individu-
als with dyslipidemia and hypertension than in those without (OR = 2.887, 95% Cl: 1.478-4.855). The evaluation
indexes of the combined interaction effect relative excess risk due to interaction, interaction attribution percentage
and synergy index were 0.902 (95% Cl: 0.379-1.496), 0.273 (95% CI: 0.106-0.458) and 1.485 (95% Cl: 0.978-
2.165), respectively. Conclusion: Dyslipidemia and hyperuricemia may have a synergistic effect on periodontitis in
people with T2DM. Improving blood lipids and controlling blood uric acid may synergistically prevent periodontitis.
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Introduction

Periodontal disease and diabetes are both very
common chronic diseases, resulting in a large
amount of human and material investment in
public health services. With the change in
human lifestyles, the morbidity of diabetes is
also gradually increasing. According to WHO
data, at least 2.8% of the world population suf-
fer from diabetes [1]. The number of diabetic
individuals in China now ranks first in the world.
Chronic periodontitis is a multifactorial infec-
tious disease with plague as the initiating fac-
tor. Its occurrence and development have a
two-way relationship with systemic diseases.
Research on the interaction between type 2
diabetes mellitus (T2DM) and periodontitis has
been ongoing for over 50 years. Patients with
uncontrolled or poorly controlled blood sugar

are more likely to suffer from severe periodonti-
tis. Compared with non-diabetic individuals,
diabetics are more likely to develop a systemic
infection, and the morbidity of periodontal dis-
ease in diabetics is about 3 times higher [2].
Periodontitis directly affects the severity of
complications of diabetes by negatively regu-
lating blood sugar in diabetes patients. The
abnormal lipid metabolism and blood coagula-
tion caused by periodontitis may also affect
the degree of microvascular disease in diabe-
tes patients.

Periodontitis itself, due to the release of bacte-
rial metabolites into the whole blood circula-
tion, will lead to the increase of inflammatory
factors, which will affect the metabolism of
body lipid indicators and have a negative im-
pact on body health [3]. Therefore, diabetics
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with periodontal disease are more likely to
have lipid metabolism disorders, and glucose
metabolism disorders are more serious. At the
same time, the disorder of blood glucose and
blood lipid metabolism will aggravate the se-
verity of the periodontal disease. There is in-
sulin resistance in patients with T2DM, and
their uric acid excretion is reduced because of
hyperinsulinemia, resulting in increased blood
uric acid levels [4]. High levels of serum uric
acid can aggravate the systemic inflammatory
state in people with periodontitis, which can
further affect the periodontal local microenvi-
ronment [5]. Dyslipidemia and high blood uric
acid levels are both independent risk factors
for periodontitis in patients with T2DM.

The mechanism of interaction between peri-
odontitis and diabetes is not completely clear,
but both of them involve pathophysiological
processes such as immune inflammatory reac-
tion, microcirculatory disorders and thickening
of capillary basement membrane. Due to the
corresponding pathological changes of micro
vessels in diabetes patients, they usually have
abnormal blood lipids and blood uric acid,
which increase the risk of aggravating micro-
vascular diseases. The following questions are
important in this research: What is the abnor-
mality degree of blood lipids and uric acid in
diabetes patients? Does it affect the occur-
rence of periodontitis? Is there a synergistic
effect of blood lipids and uric acid on the risk
of periodontitis? What is the specific impact
mechanism? These issues have always been
the focus of clinical research, but there are
few reports on whether the two factors will
increase the risk of periodontitis in patients
with T2DM. The ability of data on the preven-
tion of T2DM complicated with periodontitis is
still weak, and more clinical data on the risk
factors of periodontitis is needed to help iden-
tify high-risk patients efficiently in order to
take timely intervention measures. Therefore,
this research aimed to investigate the interac-
tion between dyslipidemia and hyperuricemia
on periodontitis in patients with T2DM and to
offer a scientific basis for the prevention and
control of periodontitis in sufferers with T2DM.

Materials and methods
Research subjects

The clinical data of 220 individuals with T2DM
(diabetes group) treated in Tianjin Baodi
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Hospital from January 2019 to December 2021
were retrospectively analyzed. Inclusion crite-
ria: (1) The patients met the clinical diagnostic
criteria for T2DM; (2) patients who had no acute
or chronic inflammation in other parts of the
body except for periodontitis; (3) patients who
provided complete case data. Exclusion crite-
ria: (1) individuals with acute diabetic compli-
cations such as diabetic ketoacidosis; (2) indi-
viduals with other systemic diseases affecting
periodontal health; (3) those with severe car-
diac, liver or kidney insufficiency; (4) those with
malignant tumors or acute cardiovascular and
cerebrovascular diseases. In addition, 200
healthy subjects who underwent physical
examination in Tianjin Baodi Hospital during
the same period with similar baseline data to
the T2DM patients were selected as control
group. This study was approved by the Ethics
Committee of Tianjin Baodi Hospital.

Methods

Data from all subjects were collected, including
basic information, lifestyle (smoking, drinking),
medication history and medical history. Body
measurements included height, weight, waist
circumference, blood pressure, and body mass
index (BMI). Blood pressure was measured by
an HBP-1300 electronic sphygmomanometer
(Omron, Japan). Blood glucose was measured
by Baijie PD-GO01-2 fast blood glucose meter
(Qinli Biotechnology Co., Ltd.). CardiocheckPA
rapid blood lipid tester (Shanghai Maipuri
Biotechnology Co., Ltd.) was used to conduct 4
rapid blood lipid tests, including total choles-
terol (TC), triglyceride (TG), high-density lipopro-
tein cholesterol (HDL-C) and low-density lipo-
protein cholesterol (LDL-C). An automatic bio-
chemical analyzer (Shenzhen Mindray bs-300)
was used to detect the level of uric acid in the
blood. The double reagent rate method was
used and operated in strict accordance, and
indoor quality control was performed at the
same time.

Related definitions

Diagnostic criteria for periodontitis: one of the
detection sites (the mesial, central and distal
sites on the buccal and lingual sides) met the
clinical attachment loss >2 mm, and those who
did not meet the condition were considered as
non-periodontal disease. Dyslipidemia: those
with TC >Co2 mmol/L, TG >G 3 mmol/L, HDL-C
<1.0 mmol/L, LDL-C =DL1 mmol/L, self-report-
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Table 1. Proportion of hyperuricemia and hyper-
lipidemia patients in the diabetes group and the
control group [n (%)]

Group n Hyperuricemia Hyperlipidemia

Control group 200 68 (34.00) 75 (37.50)
Diabetic group 220 166 (75.45) 161 (73.18)
X2 64.864 54.183
P <0.001 <0.001

Table 2. Correlation of diabetes mellitus with
hyperuricemia and hyperlipidemia

Diabetic
Type r P
Hyperuricemia 0.602 0.005
Hyperlipidemia 0.668 <0.001

ed history of dyslipidemia, or administration of
lipid-lowering drugs within the past 2 weeks.
Hyperuricemia: male blood uric acid >420
umol/L, female blood uric acid >360 umol/L.
Smoking: Respondents self-reported that they
currently smoked and that the cumulative num-
ber of cigarettes smoked in the past exceeded
100 cigaretts. Central obesity: Waist circumfer-
ence 285 cm for women and =90 c¢cm for men.
Overweight or obese: BMI >24 kg/m?2. Alcohol
consumption: drinking frequency >2 times per
week in the past 1 year.

Statistical methods

SPSS 22.0 was adopted for statistical analysis.
Enumeration data were expressed as rates,
and the x? test was used for comparison
between groups. The correlation of T2DM with
hyperuricemia and hyperlipidemia was tested
by the spearman correlation coefficient.
Multivariate logistic regression was used to
analyze the multiplicative and additive intera-
ctions of dyslipidemia and hyperuricemia on
periodontitis. The expression of the logistic
regression model with the interaction term in
the multiplicative interaction was: logit P =
o+, xD+B, xH+B  xDxH, where D and H repre-
sent dyslipidemia and hyperuricemia, respec-
tively, and the Odds Ratio (OR) was used. The
95% confidence interval (Cl) was used to evalu-
ate the multiplicative interaction effect, OR, =
exp (B,,)- If the 95% Cl of OR, _did not contain 1,
a multiplicative interaction effect was indicat-
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ed. An additive model was used to convert the
research factors dyslipidemia and hyperurice-
mia into dyslipidemia and no hyperuricemia
(Dum_ ), non-dyslipidemia and hyperuricemia
(Dum,,), and dyslipidemia and hyperuricemia
(Dum_,). The 3 dummy variable types were
included in the model. The additive interaction
effect was evaluated by relative excess risk
due to interaction (RERI), interaction attribu-
tion percentage (AP), synergy index (Sl) and
95% CI. Their calculation formulas are: RERI =
OR,-OR -OR, +1, AP = RERI/OR,,, SI = (OR,,-
1/([OR,,-1)+(0OR,-1)]. When 95% CI of RERI
and AP did not contain O and 95% CI of Sl did
not contain 1, an additive interaction effect
was indicated. P<0.05 was considered a signi-
ficant difference.

Results

Correlation of T2DM with hyperuricemia and
hyperlipidemia

Among the 220 patients with T2DM, 161
(73.18%) had hyperlipidemia and 166 (75.45%)
had hyperuricemia. In the control group, there
were 75 patients with hyperlipidemia (37.50%)
and 68 patients with hyperuricemia (34.00%).
The proportions of patients with hyperuricemia
and hyperlipidemia were statistically different
between the two groups (P<0.05). as shown in
Table 1. The Spearman correlation coefficient
was used to test the correlation of diabetes
with hyperuricemia and hyperlipidemia. The
results showed that diabetes was positively
correlated with hyperuricemia and hyperlipid-
emia (P<0.05), as shown in Table 2.

Comparison of basic characteristics of patients
with T2DM

Among the 220 sufferers with T2DM, there
were 163 sufferers (74.09%) with periodontitis,
161 sufferers (73.18%) with dyslipidemia, and
166 sufferers with hyperuricemia (75.45%). No
significant difference was shown in sex, educa-
tion level and smoking history between the
non-periodontitis group and the periodontitis
group (P>0.05). Which significant differences
were found in age, overweight or obesity, alco-
hol consumption, cardiovascular disease histo-
ry, hypertension, dyslipidemia and hyperurice-
mia between these two groups (P<0.05) (Table
3).
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Table 3. Comparison of basic characteristics of the research subjects [n (%)]

Feature Non-periodontitis group (n = 57) Periodontitis group (n = 163) X2 P
Sex

Male 32 (26.45) 89 (73.55)

Female 25 (25.25) 74 (74.75) 0.040 0.841
Age (years)

<60 38(31.40) 83 (68.60)

>60 19 (19.19) 80 (80.81) 4231 0.040
Educational level

Junior high school and below 40 (27.78) 104 (72.22)

High school or secondary school 12 (21.82) 43 (78.18)

College and above 5(23.81) 16 (76.19) 0.790 0.674
Overweight or obese

No 23 (37.10) 39 (68.42)

Yes 34 (21.52) 124 (76.07) 5.629 0.018
Smokers

No 30 (21.90) 107 (78.10)

Yes 27 (32.53) 56 (67.47) 3.044 0.081
Drinking

No 22 (42.31) 30 (57.69)

Yes 35 (20.83) 133 (79.17) 9.539 0.002
Cardiovascular history

No 19 (42.22) 26 (57.78)

Yes 38 (21.71) 137 (78.29) 7.843 0.005
Hypertension

No 22 (36.67) 38 (63.33)

Yes 35(21.88) 125 (78.13) 4974  0.026
Dyslipidemia

No 39 (66.10) 20 (33.90)

Yes 18 (11.18) 143 (88.82) 67.846 <0.001
Hyperuricemia

No 36 (66.67) 18 (33.33)

Yes 21 (12.65) 145 (87.35) 61.931 <0.001

Table 4. Logistic regression model variable assignments

Variable Assign

Sex 0 =male, 1 = female
Age (years) 0=<60,1=2>20
Educational level

Overweight or obese 0 =no, 1 =yes

Drinking 0=no,1=yes
Cardiovascular history 0 =no, 1 =yes
Hypertension 0=no,1=yes
Dyslipidemia 0=no,1=yes
Hyperuricemia 0=no,1=yes
Periodontitis 0=no,1=yes

1 = junior high school and below, 2
= high school or technical secondary
school, 3 = junior college and above
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Association analysis of dyslipidemia and
hyperuricemia with periodontitis

Taking the presence or absence of peri-
odontitis as the dependent variable, and
dyslipidemia and hyperuricemia as inde-
pendent variables, the univariate logistic
regression analysis demonstrated that
dyslipidemia and hyperuricemia acid
were both associated with a high risk of
periodontitis (P<0.001).

Multivariate logistic regression analysis
was conducted with age, being over-
weight or obesity, drinking, cardiovascu-
lar history, hypertension, dyslipidemia
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Table 5. Logistic regression analysis of the association of dyslipidemia, hyperuricemia with periodon-
titis

) Single factor Multivariate
Variable
OR (95% Cl) P OR (95% CI) P

Dyslipidemia

No 1.00 _ 1.00 _

Yes 15.492 (7.476, 32.101) <0.001 8.107 (2.687, 24.457) 0.009
Hyperuricemia

No 1.00 _ 1.00 _

Yes 13.810 (6.670, 28.590) <0.001 2.940 (0.970, 8.909) 0.024

Table 6. Multiplicative interaction of dyslipidemia and hyperuricemia on periodontitis

. Model? Model®
Variable
OR (95% Cl) P OR (95% Cl) P
Dyslipidemia 5.960 (1.007, 35.267) 0.029 4.231 (0.881, 20.309) 0.035

Hyperuricemia 2.439 (0.604, 9.854) 0.041 2.962 (0.836, 10.496) 0.044
Dyslipidemia x Hyperuricemia 1.604 (0.182, 14.138) 0.237 1.864 (0.256, 13.545) 0.314
Note: a means unadjusted for other variables; b means adjusted for age, overweight or obesity, alcohol consumption, cardiovas-

cular history, and hypertension.

and hyperuricemia as independent variables.
The results showed that patients with dyslipid-
emia (OR = 8.107, 95% CI: 2.687-24.457) and
hyperuricemia (OR = 2.940, 95% Cl: 0.970-
8.909) had a higher risk of periodontitis, with
statistical significance (P<0.01). The variable
assignments are shown in Table 4, and the
logistic regression analysis results are shown
in Table 5.

Muiltiplicative interaction of dyslipidemia and
hyperuricemia on periodontitis

Taking periodontitis as the dependent variable,
dyslipidemia, hyperuricemia and dyslipidemia
x hyperuricemia as independent variables to
the logistic regression model, model 1 and
model 2 were constructed. The results demon-
strated that after adjusting for confounding
factors, dyslipidemia and hyperuricemia had
signifi-cant effects on the morbidity of peri-
odontitis (P<0.05). However, there was no
multiplicative interaction effect of dyslipidemia
and hyperuricemia on periodontitis, without a
significant difference (P>0.05) (Table 6).

The additive interaction of dyslipidemia and
hyperuricemia on periodontitis

Dyslipidemia and hyperuricemia were replaced

with 3 dummy variables which were then includ-
ed in the regression model to obtain the OR
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value and its 95% Cl, and the three indicators
and 95% CI for evaluating the additive interac-
tion were calculated according to the formula.
After adjusting for relevant variables, the re-
sults demonstrated that the risk of periodonti-
tis in sufferers with dyslipidemia and hyperuri-
cemia was higher than that in sufferers without
(OR =2.887, 95% Cl: 1.478-4.855). When dys-
lipidemia and hyperuricemia both existed, the
risk of periodontitis was higher than the sum of
the risks caused by the two alone (RERI =
0.902, 95% CI: 0.379-1.496), and the synergis-
tic effect was 1.485 times the sum of the
effects of the two alone (SI = 1.485,95% ClI:
0.978-2.165). It was found that 27.3% of the
risk of periodontitis in the presence of both was
attributed to their synergistic effect (AP =
0.273, 95% CI: 0.106-0.458) (Tables 7 and 8).

Discussion

Diabetes and periodontal disease are both
common diseases with high morbidity that
seriously endanger human health. Periodontal
disease is both a risk factor for diabetes and
a complication of diabetes [6]. Diabetes reduc-
es the body’s healing ability and anti-infection
ability by affecting the body’s glucose metabo-
lism, making the periodontal tissue susceptible
to infection and destruction by bacteria and
other pathogens, thus leading to an increased
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Table 7. Additive interaction of dyslipidemia and hyperuricemia on periodontitis

N . . ) . " . » Model? Model°
Dyslipidemia Hyperuricemia Periodontitis (n) Non-periodontitis (n)
OR (95% Cl) P OR (95% Cl) P
No No 138 16 1.00 _ 1.00 _
Yes No 7 5 1.818 (1.642,3.831) 0.004 1.667 (1.002, 4.087) 0.002
No Yes 5 2144 (1.776,4.117) 0.019 1.917 (1.164,3.976) 0.015
Yes Yes 13 33 2.583(1.824,4.267) 0.036 2.887(1.478,4.855) 0.021

Note: a means unadjusted for other variables; b means adjusted for age, overweight or obesity, alcohol consumption, cardiovascular history, and hypertension.

Table 8. Evaluation indicators of additive interaction

the total cholesterol of

Model RERI (95% Cl) AP (95% Cl)

S| (95% CI)

patients with aggressive

Model® 1.212 (0.534, 2.017) 0.314 (0.159, 0.542) 1.639 (1.086, 2.341)
1.485 (0.978, 2.165)

Model°® 0.902 (0.379, 1.496) 0.273 (0.106, 0.458)

periodontitis was positively
correlated with the per-
centage of severe sites,

Note: a means unadjusted for other variables; b means adjusted for age, overweight or
obesity, alcohol consumption, cardiovascular history, and hypertension. RERI: Relative
Excess Risk due to Interaction; AP: Attribution Percentage; Sl: Synergy Index.

morbidity of periodontal disease in the diabetic
population [7]. There are many previous stud-
ies on the influencing factors of periodontitis
in diabetes, but there are few studies on the
interaction of related risk factors on perio-
dontitis. Dyslipidemia and hyperuricemia are
independent risk factors for periodontitis. This
research analyzed the effect of the interaction
of dyslipidemia and hyperuricemia on perio-
dontitis. The results demonstrated that both
dyslipidemia and hyperuricemia were asso-
ciated with periodontal disease. There was an
additive interaction of dyslipidemia and hyper-
uricemia on periodontitis. That is, the risk of
periodontitis in patients with both dyslipidemia
and hyperuricemia was higher than the sum of
the individual effects of dyslipidemia and hy-
peruricemia alone. This is similar to the results
of a previous study [8].

This research demonstrated that after adjust-
ing for relevant variables, the risk of periodonti-
tis in patients with dyslipidemia was 8.107
times higher than that in those with normal
blood lipids. It has been reported that blood
lipid levels have a correlation with periodontitis,
but the results are still inconclusive. Studies
have shown [9] that the total cholesterol and
TG levels in patients with periodontitis are high-
er than those in healthy individuals, indicating
that infection may affect lipid metabolism,
thereby increasing the level of blood lipids.
Another study demonstrated that [10] the TG
level of patients with aggressive periodontitis
was higher than that of the healthy group, and
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suggesting that infection
may affect lipid metabo-
lism and increase the lev-
els of TG in plasma. Nassar
et al. [11] have pointed out that hyperlipidemia
is a common risk factor for chronic periodonti-
tis and diabetes, and diabetics often have clini-
cal manifestations of elevated TG and
decreased TC, while periodontitis also increas-
es the levels of TG and TC in vivo. Sgolastra et
al. [12] found that the levels of TC, TG and LDL
were higher, and the level of HDL was lower in
the blood of diabetics with periodontitis than
those without, indicating that the blood lipids of
patients with periodontitis are different from
normal levels. It can be seen that dyslipidemia
affects the occurrence of periodontitis and may
promote the formation of periodontitis in some
way. Therefore, clinical patients with dyslipid-
emia should be vigilant.

This research found that after adjusting for rel-
evant variables, the risk of periodontitis in
patients with hyperuricemia was 2.940 times
that in those without. High blood uric acid lev-
els can aggravate the inflammatory state of
individuals with periodontitis and promote vas-
cular endothelial damage. There is a certain
correlation of hyperuricemia with the occur-
rence and development of periodontitis [13,
14]. Byun et al. [15] analyzed the correlation
between periodontitis and serum uric acid level
through a cross-sectional study, and the results
demonstrated that the serum uric acid level of
individuals with periodontitis was higher than
that of non-periodontitis sufferers, and that the
severity of periodontitis was positively correlat-
ed with the increase of blood uric acid. This
shows that the increase of blood uric acid is
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closely related to periodontitis, and the increase
of blood uric acid may be one of the high-risk
factors of periodontitis. At the same time, it is
not ruled out that periodontitis leads to the
increase of serum uric acid.

In epidemiological studies, interaction means
that the combined effect of two or more risk
factors on the disease is different from the sum
or product of their independent effects, that
is, additive interaction or multiplicative interac-
tion [16, 17]. The results of this research dem-
onstrated that the risk of periodontitis in
patients with dyslipidemia and hyperuricemia
was 2.887 times that of those without, and the
synergistic effect was 1.485 times that of the
sum of the effects of the two alone. Possible
mechanisms of the interaction of dyslipidemia
and hyperuricemia on periodontitis: high levels
of serum uric acid can aggravate the systemic
inflammatory state in sufferers with periodonti-
tis, which can further affect the local microenvi-
ronment of the periodontitis. The lipotoxicity of
dyslipidemia can further interfere with the utili-
zation of insulin in the body and jointly promote
the occurrence and development of T2DM and
its complication periodontitis [18-20]. Previous
studies have shown [21, 22] that the morbidity
of hyperuricemia and dyslipidemia in adults in
China is at a high level, and there may be a
synergistic effect between the two, suggesting
that in the early prevention of periodontitis, the
control of serum uric acid and blood lipids may
be effective.

In conclusion, dyslipidemia and hyperuricemia
may have a synergistic effect on periodontitis
in patients with T2DM. Improving blood lipids
and controlling blood uric acid may synergisti-
cally prevent periodontitis in them. However,
the limited sample size and scope of this study
may lead to a certain bias in the research
results, which needs to be further confirmed
by a study with broader and more reliable
sample size.

Disclosure of conflict of interest

None.

Address correspondence to: Yuhui Chen, Depart-
ment of Dental, PLA Strategic Support Force
Characteristic Medical Center, No. 9, Anxiang Beili,
Chaoyang District, Beijing, China. Tel: +86-010-
66356729; E-mail: cyh754@163.com

1436

References

[1] Nauck MA, Wefers J and Meier JJ. Treatment of
type 2 diabetes: challenges, hopes, and antici-
pated successes. Lancet Diabetes Endocrinol
2021; 9: 525-544.

[2] D’Aiuto F, Gkranias N, Bhowruth D, Khan T, Or-
landi M, Suvan J, Masi S, Tsakos G, Hurel S,
Hingorani AD, Donos N and Deanfield JE;
TASTE Group. Systemic effects of periodontitis
treatment in patients with type 2 diabetes: a
12 month, single-centre, investigator-masked,
randomised trial. Lancet Diabetes Endocrinol
2018; 6: 954-965.

[3] Wu CZ, Yuan YH, Liu HH, Li SS, Zhang BW,
Chen W, An ZJ, Chen SY, Wu YZ, Han B, Li CJ
and Li LJ. Epidemiologic relationship between
periodontitis and type 2 diabetes mellitus.
BMC Oral Health 2020; 20: 204.

[4] Ghazali FMM, W Ahmad WMA, Srivastava KC,
Shrivastava D, Noor NFM, Akbar NAN, Aleng
NA and Alam MK. A study of creatinine level
among patients with dyslipidemia and type 2
diabetes mellitus using multilayer perceptron
and multiple linear regression. J Pharm Bioal-
lied Sci 2021; 13 Suppl 1: S795-S800.

[5] Mauri-Obradors E, Merlos A, Estrugo-Devesa A,
Jané-Salas E, Lopez-Lopez J and Vifas M. Ben-
efits of non-surgical periodontal treatment in
patients with type 2 diabetes mellitus and
chronic periodontitis: a randomized controlled
trial. J Clin Periodontol 2018; 45: 345-353.

[6] Castro Dos Santos NC, Andere NMRB, Araujo
CF, de Marco AC, Kantarci A, Van Dyke TE and
Santamaria MP. Omega-3 PUFA and aspirin as
adjuncts to periodontal debridement in pa-
tients with periodontitis and type 2 diabetes
mellitus: randomized clinical trial. J Periodon-
tol 2020; 91: 1318-1327.

[7] Baeza M, Morales A, Cisterna C, Cavalla F, Jara
G, Isamitt Y, Pino P and Gamonal J. Effect of
periodontal treatment in patients with peri-
odontitis and diabetes: systematic review and
meta-analysis. J Appl Oral Sci 2020; 28:
€20190248.

[8] Liao PJ, Wu JJ, Tan JL and LI HH. Interaction of
obesity with hyperuricemia on acute myocardi-
al infarction. Guangxi Medical Journal 2022;
44: 1869-1873.

[9] Zare Javid A, Hormoznejad R, Yousefimanesh
HA, Zakerkish M, Haghighi-Zadeh MH, Deh-
ghan P and Ravanbakhsh M. The impact of
resveratrol supplementation on blood glucose,
insulin, insulin resistance, triglyceride, and
periodontal markers in type 2 diabetic patients
with chronic periodontitis. Phytother Res 2017;
31:108-114.

[10] Patil VS, Patil VP, Gokhale N, Acharya A and
Kangokar P. Chronic periodontitis in type 2 dia-

Am J Transl Res 2023;15(2):1430-1437


mailto:cyh754@163.com

(11]

[12]

[13]

(14]

[15]

[16]

1437

Relationship between T2DM and periodontitis

betes mellitus: oxidative stress as a common
factor in periodontal tissue injury. J Clin Diagn
Res 2016; 10: BC12-6.

Nassar PO, Walker CS, Salvador CS, Felipetti
FA, Orrico SR and Nassar CA. Lipid profile of
people with diabetes mellitus type 2 and peri-
odontal disease. Diabetes Res Clin Pract
2012; 96: 35-9.

Sgolastra F, Severino M, Pietropaoli D, Gatto R
and Monaco A. Effectiveness of periodontal
treatment to improve metabolic control in pa-
tients with chronic periodontitis and type 2 dia-
betes: a meta-analysis of randomized clinical
trials. J Periodontol 2013; 84: 958-73.

Chen ZY, Ye LW, Zhao L, Liang ZJ, Yu T and Gao
J. Hyperuricemia as a potential plausible risk
factor for periodontitis. Med Hypotheses 2020;
137: 109591.

Narendra S, Das UK, Tripathy SK and Sahani
NC. Superoxide dismutase, uric acid, total anti-
oxidant status, and lipid peroxidation assay in
chronic and aggressive periodontitis patients.
J Contemp Dent Pract 2018; 19: 874-880.
Byun SH, Yoo DM, Lee JW and Choi HG. Analyz-
ing the association between hyperuricemia
and periodontitis: a cross-sectional study us-
ing KoGES HEXA data. Int J Environ Res Public
Health 2020; 17: 4777.

Sun R, Wu T, Guo H, Xu J, Chen J, Tao N, Wang
X and Zhong J. Lipid profile migration during
the tilapia muscle steaming process revealed
by a transactional analysis between MS data
and lipidomics data. NPJ Sci Food 2021; 5: 30.

[17]

(18]

[19]

[20]

[21]

[22]

Hajat C. An introduction to epidemiology. Meth-
ods Mol Biol 2011; 713: 27-39.

Pullishery F, Panchmal GS and Siddique S.
Salivary thiocyanate, uric acid and pH as bio-
markers of periodontal disease in tobacco us-
ers and non-users- an in-vitro study. J Clin Di-
agn Res 2015; 9: ZC47-50.

Jiménez-Corona M, Falcon-Flores J, Borges-
Yanez A, Castrejon-Pérez R and Jiménez-Coro-
na A. Dyslipidemia and severe periodontitis
among patients with type 2 diabetes. Salud
Publica Mex 2021; 63: 331-332.

Corbi SCT, de Vasconcellos JF, Bastos AS, Bus-
saneli DG, da Silva BR, Santos RA, Takahashi
CS, de S Rocha C, Carvalho BS, Maurer-Morelli
CV, Orrico SRP, Barros SP and Scarel-Camina-
ga RM. Circulating lymphocytes and mono-
cytes transcriptomic analysis of patients with
type 2 diabetes mellitus, dyslipidemia and
periodontitis. Sci Rep 2020; 10: 8145.

Liu F, Du GL, Song N, Ma YT, Li XM, Gao XM and
Yang YN. Hyperuricemia and its association
with adiposity and dyslipidemia in Northwest
China: results from cardiovascular risk survey
in Xinjiang (CRS 2008-2012). Lipids Health Dis
2020; 19: 58.

Liang J, Jiang Y, Huang Y, Song W, Li X, Huang
Y, Ou J, Wei Q and Gu J. The comparison of dys-
lipidemia and serum uric acid in patients with
gout and asymptomatic hyperuricemia: a
cross-sectional study. Lipids Health Dis 2020;
19: 31.

Am J Transl Res 2023;15(2):1430-1437



