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[Abstract] Objective To investigate the association between monocyte to high-density lipoprotein cholesterol ratio

(MHR) and periodontitis and to provide new epidemiologic evidence on the factors affecting periodontitis. Methods
Data on MHR, periodontitis, and other covariates were selected from the NHANES(National Health and Nutrition Exami-
nation) database for 3 cycles of subjects in 2009-2010, 2011-2012, and 2013-2014, and a total of 8 456 study subjects
were included. The study participants were grouped according to the prevalence of periodontitis (presence or absence),
and three regression models (unadjusted covariates, partially adjusted covariates, and fully adjusted covariates) were
constructed to analyze the relationship between MHR and periodontitis by using a weighted logistic regression method

with stepwise adjustment for confounders. MHR was divided into four groups from Q1 to Q4 according to quartiles from
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small to large for weighted trend analysis, and the nonlinear relationship between MHR (continuous) and periodontitis
was analyzed using a restricted cubic spline with subgroup analysis and sensitivity analysis. Results All three logistic
regression models showed a positive association between MHR and periodontitis (OR = 2.92, 95%CI: 2.14-3.99, P <
0.001 (not adjusted); OR = 1.97, 95%CI: 1.39-2.78, P < 0.001 (partially adjusted); OR = 1.62, 95%CI: 1.10-2.39, P =
0.017 (fully adjusted)). Trend analysis showed a significantly higher risk of developing periodontitis in the Q4 group
compared with the Q1 group in both single (OR = 1.92, 95% CI: 1.58-2.33, P <0.001) and multifactorial analyses
(OR = 1.30, 95% CI: 1.03-1.64, P = 0.029). Restricted cubic spline results did not support a nonlinear relationship be-
tween MHR and periodontitis (P for nonlinear > 0.05), subgroup analysis showed no significant interaction between the
covariates and MHR (P > 0.05), and sensitivity analysis also showed a positive correlation between MHR and periodonti-

tis (OR = 1.67, 95%CI: 1.31-2.14, P < 0.001). Conclusion MHR is positively associated with the risk of developing

periodontitis.
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Figure 1  Flowchart showing process of screening research
subjects
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Figure 2 Directed acyclic graphs between MHR and peri-
odontitis and all confounders
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Table 1  Characteristics of the population in the study of the relationship between MHR and periodontitis

Non-periodontitis ~ Mild periodontitis  Moderate periodontitis ~ Severe periodontitis Total
Characteristic X P
(n=4198) (n=388) (n=2956) (n=914) (n=18456)

Agelyears 4032 <0.001
30-44 1950(46% ) 203 (45%) 690 (24%) 161 (20%) 3004(37%)

45-59 1283(33%) 114 (37%) 913 (36%) 374 (47%) 2 684(36%)
60-80 965(21%) 71 (18%) 1353 (40%) 379 (33%) 2768(27%)

Gender 53.08 <0.001
Female 2450(55%) 173 (43%) 1298 (44%) 255 (27%) 4176(49% )

Male 1 748(45%) 215 (57%) 1 658 (56%) 659 (73%) 4280(51%)

Race 16.58 < 0.001
Non-Hispanic White 2232(77%) 171 (67%) 1213 (65%) 286 (55%) 3902(71%)

Non-Hispanic Black 644(8%) 79 (13%) 663 (13%) 282 (21%) 1668(10% )
Mexican American 425(5%) 75 (11%) 480 (10%) 188 (13%) 1168(8%)
Other Hispanic 400(4%) 37 (5%) 295 (5%) 71 (4%) 803(5%)
Other/Multiracial 497(6%) 26 (4%) 305 (7%) 87 (7%) 915(6%)

Marriage 22.09 <0.001
Married/living with partner 2 879(74%) 251 (66%) 1 838 (65%) 542 (59%) 5510(70%)
Widowed/divorced/separated 1319(26%) 137 (34%) 1118 (35%) 372 (41%) 2946(30%)

PIR 4227 <0.001
<13 893(12%) 112 (19%) 1 035 (25%) 397 (34%) 2437(18%)

1.3-35 1377(33%) 160 (40%) 1149 (40%) 331 (39%) 3017(35%)
>35 1928(55%) 116 (41%) 772 (35%) 186 (27%) 3002(47%)

BMI 264 0.023
Underweight/normal 1156(26%) 75 (17%) 760 (27%) 227 (23%) 2218(26%)

Overweight 1443(37%) 128 (37%) 1012 (34%) 336 (35%) 2919(36%)
Obese 1599(37%) 185 (46%) 1184 (39%) 351 (42%) 3319(38%)

Education 39.27 <0.001
Less than 9th grade 189(2%) 26 (4%) 365 (8%) 132 (10%) 712(4%)
9-11th grade 369(6%) 50 (9%) 477 (14%) 205 (22%) 1101(10%)

Highschool graduate/GED or equivalent 744(17%) 98 (25%) 746 (25%) 255 (29%) 1 843(20%)
Some college or AA degree 1298(32%) 132 (34%) 808 (30%) 209 (28%) 2 447(31%)
College graduate or above 1598(43%) 82 (28%) 560 (23%) 113 (119%) 2353(35%)

Depression 2.98 0.035
Yes 338(6%) 39 (11%) 274 (8%) 77 (1%) 728(7%)

No 3860(94%) 349 (89%) 2 682 (92%) 837 (93%) 7728(93%)

Sleep time/h 8.13  <0.001
<7 1567(32%) 162 (40%) 1193 (37%) 417 (46%) 3339(35%)

79 2559(67%) 215 (56%) 1 689 (61%) 475 (52%) 4938(64%)
>9 72(1%) 11 (4%) 74 (2%) 22 (2%) 179(1%)

Smoking 4943  <0.001
Current smoker 526(11%) 72 (15%)) 666 (24%) 332 (39%) 1596(16%)

Former smoker 982(25%) 81(20%) 879 (31%) 242 (28%) 2 184(27%)
Never smoker 2690(64%) 235 (65%) 1411 (45%) 340 (33%) 4676(57%)

Drinking/every month 224 0.038
0 1054(19%) 4 (18%) 846 (23%) 205 (17%) 2199(20% )

94 ( ( ( (
1-5 2 119(51%) 202 (56%) 1 435 (49%) 437 (51%) 4193(50% )
5-10 356(10%) 35(9%) 174 (7%) 74 (7%) 639(9%)
> 10 669(20%) 57 (17%) 501 (21%) 198 (25%) 1425(21%)
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Continued table 1

Non-periodontitis ~ Mild periodontitis  Moderate periodontitis ~ Severe periodontitis Total
Characteristic X P
(n=4198) (n=388) (n=2956) (n=914) (n=28456)
Diabetes 3339 <0.001
Yes 510(10%) 56 (16%) 682 (20%) 228 (22%) 1476(14%)
No 3688(90% ) 332 (84%) 2274 (80%) 686 (78%) 6 980(86%)
Hypertension 24.10 <0.001
Yes 1337(31%) 137 (36%)) 1319 (42%) 408 (44%) 3201(35%)
No 2861(69%) 251 (64%) 1 637 (58%) 506 (56%) 5255(65%)
MHR ( continuous ) 0.41 £0.20 0.45+0.23 045 +£0.24 0.51£0.33 042 +0.23 <0.001
MHR ( categorical ) 8.86  <0.001
Q1 1202 (29%) 82 (22%) 689 (24%) 166 (17%) 2139 (26%)
Q2 1 107 (26%) 96 (25%) 691 (24%) 209 (23%) 2103 (25%)
Q3 1025 (25%) 102 (25%) 748 (25%) 233 (23%) 2 108 (25%)
Q4 864 (20%) 108 (28%) 828 (27%) 306 (37%) 2 106 (24%)

PIR: poverty-to-income ratio; BMI: body mass index; MHR: monocyte/high-density lipoprotein cholesterol ratio; Q1: MHR < 0.283; Q2: 0.283 < MHR <

0.392; Q3: 0.392 < MHR < 0.543; Q4: MHR > 0.543.
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Table 2 Weighted logistic regression analysis of MHR and periodontitis

Model 1 Model 2 Model 3

Group OR(95%CI) r OR(95%CI) P OR(95%CI) P
MHR ( continuous ) 2.92(2.14-3.99) <0.001 1.97(1.39-2.78) <0.001 1.62(1.10-2.39) 0.017
Q1 Ref Ref Ref

Q2 1.22(1.01-1.47) 0.036 1.06(0.83-1.36) 0.638 1.04(0.80-1.34) 0.762
Q3 1.22(0.98-1.52) 0.068 1.01(0.77-1.33) 0.953 0.97(0.75-1.25) 0.784
Q4 1.92(1.58-2.33) <0.001 1.48(1.20-1.84) <0.001 1.30(1.03-1.64) 0.029
P-irend <0.001 0.002 0.050

Model 1 was not adjusted for confounders; Model 2 was adjusted for gender, age, race, education, and marriage, PIR; and Model 3 was further adjusted

for BMI, sleep time, smoking, drinking, diabetes, hypertension, and depression on the basis of Model 2. Ref: reference group; P-trend: P-value of trend

analysis, Q1: MHR < 0.283, Q2: 0.283 < MHR < 0.392, Q3: 0.392 < MHR < 0.543, Q4: MHR > 0.543; MHR: monocyte/high-density lipoprotein cho-

lesterol ratio
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race, education, and marriage, PIR, BMI, sleep time, smoking,

drinking, diabetes, hypertension, and depression. P for Nonlinear:

P value of a Nonlinear relationship. PIR: poverty-to-income ratio;
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Figure 3 Restricted cubic spline plots of MHR and peri-

odontitis
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45-59 I Ad 1 2.36(1.13,4.94) 0.022

60-80 Ione - @oonenee] 1 1.17(0.60,2.29) 0.637

Gender 0.17
Female 1.03(0.47,2.27) 0.933

male 2.04(1.23,3.41) 0.006

Race 0.924
Mexican American 1.28(0.33,4.91) 0.719

Non-Hispanic Black 1.60(0.63,4.08) 0.327

Non-Hispanic White 1.74(1.05,2.88) 0.032

Other Hispanic 1.96(0.63,6.09) 0.243

Other/Multiracial 1.00(0.23,4.35) 0.997

Marriage 0.347
Married/Living with partner 1.41(0.83,2.37) 0.201
Widowed/Divorced/Separated 2.34(1.14,4.83) 0.021

PIR 0.635
<13 1.60(0.77,3.29) 0.205

1.3-3.5 1.39(0.69,2.82) 0.362

>3.5 1.92(1.03,3.56) 0.039

FEducation 0.052
Less than 9th grade 5.62(0.28,112.50) 0.259

9-11th grade 1.63(0.53,5.05) 0.394

II;Itigh school graduate/GED or equivale 2.77(1.18,6.53) 0.02

Some college or AA degree 2.36(1.15,4.80) 0.019

College graduate or above 0.47(0.20,1.10) 0.082

T T T T T T T T T T T
05 1.0 15 2.0 25 3.0 35 40 45 50 55 6.0

Forest plot for subgroup analysis after adjusting for gender, age, race, education, and marriage, PIR, BMI, sleep time, smoking, drinking, diabe-

tes mellitus, hypertension, and depression. P for interaction: P value for interaction. PIR: poverty-to-income ratio; BMI: body mass index; MHR:

monocyte/high-density lipoprotein cholesterol ratio

Figure 4  Subgroup analysis of the relationship between MHR and periodontitis
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Table 3 Logistic regression analysis of MHR and periodontitis
Group Model 1 P Model 2 P Model 3 P
OR(95%CI) OR(95%CI) OR(95%CI)
MHR ( continuous ) 2.89(2.37-3.54) < 0.001 1.93(1.54-2.44) < 0.001 1.67(1.31-2.14) < 0.001
Q1 Ref Ref Ref
Q2 1.16(1.02-1.30) 0.019 1.04(0.91-1.20) 0.539 1.03(0.90-1.19) 0.667
Q3 1.36(1.20-1.53) < 0.001 1.18(1.03-1.36) 0.018 1.15(1.00-1.33) 0.051
Q4 1.85(1.63-2.09) < 0.001 1.48(1.20-1.84) < 0.001 1.34(1.15-1.56) < 0.001
P-trend <0.001 <0.001 <0.001

Model 1 was not adjusted for confounders, and Model 2 was adjusted for gender, age, race, education, marriage, PIR; Model 3 was further adjusted for

BMI, sleep time, smoking, drinking, diabetes, hypertension, and depression on the basis of Model 2; Ref: reference group; P-trend: P-value of trend analy-

sis, Q1: MHR < 0.283, Q2: 0.283 < MHR < 0.392, Q3: 0.392 < MHR < 0.543, Q4: MHR > 0.543; MHR: monocyte/high-density lipoprotein cholesterol

ratio
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