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The association 
between non‑high‑density 
lipoprotein cholesterol 
to high‑density lipoprotein 
cholesterol ratio (NHHR) 
and prevalence of periodontitis 
among US adults: a cross‑sectional 
NHANES study
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The non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio (NHHR) is a 
recently developed lipid parameter, but there is currently a lack of research exploring its relationship 
with periodontitis. This study aims to identify the potential association between NHHR and 
periodontitis. The association between NHHR and periodontitis were examined through univariate 
and multivariate weighted logistic regression utilizing the National Health and Nutrition Examination 
Survey data from 2009 to 2014. The participants were grouped based on the type of periodontitis. 
This study included a total of 9023 participants, with 1947 individuals having no periodontitis, 
and an additional 7076 individuals suffering from periodontitis. Patients in periodontitis group 
demonstrated a statistically significant elevation in NHHR values 2.82 (2.05–3.80) compared to 
those in no periodontitis group (p < 0.001). Logistic regression analysis of variables demonstrated a 
positive association between NHHR and periodontitis [1.07 (1.02, 1.12) p = 0.0067]. The study revealed 
a positive association between NHHR and an elevated prevalence of periodontitis development. 
For each unit increase in NHHR, there is a 7% increase in the prevalence of periodontitis. Further 
investigations into NHHR may enhance our understanding of preventing and treating periodontitis. 
However, additional studies are required to validate these findings.
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Periodontitis is a chronic, multifactorial inflammatory disease associated with the accumulation of dental plaque, 
characterized by progressive destruction of the supporting structures of teeth, including the periodontal ligament 
and alveolar bone1–3. The research findings from 2017 indicate that approximately 796 million people worldwide 
are affected by periodontitis4. While causing physical and mental distress to patients, this has also emerged as a 
global public health challenge5,6. In the United States, 42.2% of adults (≥ 30 years of age) have periodontitis, and 
within that group, 7.8% have severe periodontitis7.

In recent years, the gradual advancement in the etiology and epidemiology of periodontitis has provided 
evidence for the association between periodontitis and systemic diseases, including diabetes, cardiovascular dis-
eases, metabolic disorders, respiratory diseases, rheumatoid arthritis, certain cancers, and cognitive disorders8,9. 
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Certain studies have highlighted that the onset of periodontitis triggers the release of inflammatory agents into 
the bloodstream, leading to persistent low-level inflammation throughout the body, thereby affecting systemic 
health10–12.

Due to the lack of easily identifiable symptoms in the early stages, periodontitis is often overlooked until it 
progresses to a potentially irreversible stage, where loosening and loss of teeth may occur2. There is an urgent need 
to identify new biological markers, preferably obtainable through blood tests, for assessing individuals’ suscepti-
bility to periodontitis. Blood tests are common medical tests and are part of a routine physical examination13,14. 
This approach is crucial to enhance current prevention and treatment strategies of periodontitis.

The association between common lipoproteins and periodontitis has been widely discussed in previous 
reports. The high-density lipoprotein cholesterol (HDL-C), a lipid with anti-inflammatory and antioxidant prop-
erties, can modulate innate and adaptive immune responses15. It has been suggested that periodontal pathogenic 
bacteria, along with the resulting metabolites and pro-inflammatory cytokines from periodontal infection, may 
contribute to HDL metabolism impairment and peroxidation16,17. While numerous studies have reported a sig-
nificant decrease in HDL levels among patients with periodontitis, it is worth noting that some research has not 
found a statistically significant difference in HDL between patients with periodontitis and those without18–21. 
Developing a more reliable blood lipid parameter as a predictive indicator for periodontitis and harnessing its 
potential utility in periodontal risk assessment and preventive decision-making could benefit a large population 
of periodontitis patients.

The non-high-density lipoprotein (NHDL) cholesterol to HDL-C ratio (NHHR) is an emerging comprehen-
sive indicator of atherosclerotic lipid22. Previous studies have indicated that, compared to standard blood lipid 
parameters, NHHR demonstrates superior predictive and diagnostic efficacy in assessing the risks of atheroscle-
rosis, non-alcoholic fatty liver disease, chronic kidney disease, insulin resistance, and metabolic syndrome23–26. In 
addition, recent research has also reported the association and predictive value of NHHR with various diseases 
such as abdominal aortic aneurysm, diabetes, and depression27–29.

To the best of our knowledge, there are currently no reports on the relationship between NHHR and peri-
odontitis. We hypothesize that there may be a correlation between NHHR and periodontitis. Managing and 
controlling NHHR could potentially contribute to the prevention and management of periodontal disease. 
In this regard, we conducted a cross-sectional study based on the NHANES 2009–2014 dataset to explore the 
association between NHHR and the prevalence of periodontitis in US adults.

Materials and methods
Study population
The data utilized in this study are sourced from the NHANES 2009–2014, a research program aimed at evaluat-
ing the wellbeing and nutritional condition of adults and children in the United States. The survey comprises 
demographic, socio-economic, dietary, and health-related inquiries. The screening segment encompasses medi-
cal, dental, and physiological measurements alongside laboratory tests conducted by trained medical personnel. 
The survey results will establish the occurrence rates of significant diseases and disease-causing prevalences. 
Further details are available online (https://​www.​cdc.​gov/​nchs/​nhanes/​index.​htm).

A total of 30,468 individuals participated in NHANES between 2009 and 2014. However, after applying exclu-
sion criteria, the sample size for this study was reduced to 9,023 participants. The exclusion criteria included 
incomplete demographics data, missing data on covariates (such as smoking status, BMI, alcohol use, the use 
of dental floss, the number of tooth loss, diet level, history of hypertension, and hyperglycemia), and lack of 
periodontal examination or NHHR-related data (total cholesterol and high-density lipoprotein data). Figure 1 
shows the screening process flowchart.

The calculation of NHHR
The data source for the NHHR calculations is derived from laboratory data in NHANES called ‘HDL.Doc’ which 
provides HDL data and ‘TCHOL.Doc’, which provides total cholesterol data. The NHHR data is obtained using 
the formula for total cholesterol minus HDL, then divided by HDL.

Assessment of periodontitis
The NHANES examination data includes a file named “OHXPER.Doc” that encompasses data on periodontal 
examinations involving clinical attachment loss (CAL) and probing depth (PD). This data classified participants 
as periodontitis or not based on criteria provided by the Centers for Disease Control and Prevention and the 
American Academy of Periodontology (CDC/AAP)30.

Severe periodontitis was determined by the presence of at least two interproximal regions exhibiting a clini-
cal attachment level (CAL) of no less than 6 mm and not located on the same tooth, alongside at least one 
interproximal site exhibiting a probing depth (PD) of no less than 5 mm. Moderate periodontitis was defined 
as the identification of two or more interproximal regions with probing pocket depths that are greater than or 
equal to 5 mm and not situated on the same tooth, or two or more interproximal areas with clinical attachment 
levels that are greater than or equal to 4 mm and not found on the same tooth. Participants diagnosed with mild 
periodontitis must exhibit at least two interproximal sites with a clinical attachment loss of at least 3 mm, and 
at least two interproximal sites with a probing depth of at least 4 mm (not on the same tooth) or one site with 
a probing depth of at least 5 mm. In this study, we grouped mild, moderate, and severe periodontitis into one 
category (having periodontitis), and no periodontitis in another31,32.

https://www.cdc.gov/nchs/nhanes/index.htm
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Treatment of covariates
To explore the relationship between NHHR and periodontitis, several covariates were selected for adjustment, 
encompassing demographic data, lifestyle habits, and health status.

Demographic data comprised age, gender, race, education level, marital status, and income. Lifestyle behav-
iors encompassed the use of alcohol, smoking status, the use of dental floss and dietary levels. “Alcohol use” 
was judged by “Had at least 12 alcohol drinks/1 year?”. Smoking status was determined by “Have you smoked 
at least 100 cigarettes in your entire life?”31. The frequency of flossing was determined based on the number of 
days reported in the questionnaire. Participants who reported not flossing at all during the week were labeled 
as “No”. Dietary levels are determined by the HEI-2015 score, which considers 13 dietary components. Each 
component is scored and added together to obtain the final result. Higher scores indicate higher dietary levels33. 
Health status involved measuring BMI, the number of tooth loss, hypertension, and hyperglycemia, which can 
be obtained directly from the questionnaires and measurement reports.

Statistical analyze
All statistical analyses were conducted using R (version 4.2), SPSS (version 26.0) and Empowerstats (version 5.0), 
and the NHANES guidelines were used to weight all data. Natural cubic spline was used to identify the relation-
ship of NHHR with periodontitis. Then, we performed logistic regression analyses to examine the correlation 
between NHHR and periodontitis34, followed by subgroup analyses to investigate potential differences in the 
correlations regarding gender, age, race, income, education, and marital status etc.

Ethics approval and consent to participate
The NHANES are public database. The patients involved in the database received ethical approval. Users can 
download relevant data for free for research and publication purposes.

Figure 1.   Flowchart of study participants selection.
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Results
Characteristics of participants
The characteristics of participants are shown in Table 1. The study includes 9023 individuals with an average 
age of 52.00 years. Among them, 78.42% were diagnosed with periodontitis. The NHHR of this group was 2.82 
(2.05–3.80) which was statistically significant when compared to the NHHR of none periodontitis patients [2.67 
(1.96–3.61), (P < 0.001)]. Significant differences in characteristics were observed between participants with none 
periodontitis and periodontitis with regards to age, gender, race, education level, marital status, ratio of family 
income to poverty, HEI-2015, the number of tooth loss and total cholesterol.

Association between NHHR and periodontitis
The association between NHHR and periodontitis were displayed in Table 2. Following multiple adjustments, 
NHHR was found to be positively correlated with periodontitis [1.07 (1.02, 1.12), p = 0.0067] in the model 3, 
while the smoothed curve fitting confirmed this positive correlation (Fig. 2). The goodness of fit results in Table 2 
showed that Model 3 (R2 = 17.5%) has a better predictive ability than the other models.

Subgroup analyses by potential effect modifiers
The findings of the subgroup analyses can be found in Fig. 3. The logistic regression analysis results for the sub-
groups showed statistically significant findings for participants with 9–11 grade education level or non-drinkers. 
Figure 3 displays that the OR of participants with 9–11 grade education level was 1.14 (1.00, 1.30), indicating that 
the prevalence of periodontitis increased by 14% for each unit increase in NHHR in this subgroup. However, the 
difference between the subgroups was not significant at 0.7284.

Discussion
According to this study, NHHR serves as a satisfactory diagnostic biomarker for periodontitis. Our findings 
show a positive association between NHHR and an increased prevalence of periodontitis in an adjusted model. 
For each unit increase in NHHR, there is a 7% increase in the prevalence of periodontitis.

Metabolic abnormalities in lipid metabolism are common in patients with periodontitis and are associated 
with the occurrence and development of periodontitis35,36. NHHR is an emerging comprehensive indicator of 
atherosclerotic lipids, including HDL and NHDL, and is associated with dyslipidemia related diseases28. HDL 
are small lipoproteins that circulate throughout the body and are present near most cells37. In the mid-1950s, 
John Gofman and his colleagues discovered a negative correlation between levels of HDL cholesterol (HDL-C) 
and the likelihood of coronary heart disease38. Although it has been long acknowledged that high levels of HDL 
are inversely and linearly associated with the risk of systemic diseases like cardiovascular disease39–41, recent 
epidemiological studies have proposed that there is a “U-shaped” curve between HDL-C levels and cardiovas-
cular disease risk, wherein patients with cardiovascular disease and excessively low or high levels of HDL-C 
have higher mortality rates compared to those with intermediate HDL-C levels42–44. Patients with low and high 
levels of HDL cholesterol have a higher mortality rate than those with intermediate levels, marking a significant 
deviation from earlier studies.

Over the past few years, there has been a growing interest in the connection between HDL and periodon-
titis. While certain studies have not detected disparities in serum HDL levels between healthy individuals and 
patients with periodontal disease45–47, two recent systematic reviews and meta-analyses have demonstrated a 
correlation between periodontitis and reduced serum HDL levels20,21. No clear “U-shaped” curve was found 
between NHHR and periodontitis in this study, potentially due to non-HDL-C’s influence on the relationship 
or the complex relationship between HDL levels and periodontitis, which may be mediated by multiple factors. 
Additional adjustment of relevant covariates is still necessary.

Further studies found that periodontal treatment significantly increased serum HDL-C levels in patients with 
periodontitis16. A bidirectional relationship between HDL and periodontitis has also been proposed: upregula-
tion of proinflammatory factors caused by periodontitis can have adverse effects on serum lipid metabolism, as 
proposed by Fentoğlu et al.48 A significant correlation was identified between the pro-inflammatory cytokines 
TNF-α and IL-1b and the TC/HDL ratio in the gingival sulcus fluids and serum of hyperlipidemic patients with 
periodontitis. Furthermore, Anniina’s study validated these findings and proposed that HDL may play a role 
in the association between the number of teeth with deep periodontal pockets and C-reactive protein levels49.

Apart from HDL-C, NHDL is another crucial component of NHHR, capable of measuring low-density lipo-
protein cholesterol (LDL-C), very-low-density lipoprotein cholesterol (VLDL-C), apolipoprotein A (apo A), and 
intermediate-density lipoprotein (IDL). Macri et al.50, based on their study involving experimental periodontitis 
in animals, found that a cholesterol-rich diet increases serum NHDL levels and exacerbates alveolar bone loss 
caused by periodontitis. Furthermore, various studies have reported higher levels of NHDL, including LDL-C, 
VLDL-C, and IDL, in patients with periodontitis compared to healthy individuals51–54. In a Mendelian randomi-
zation study published in 2023, it was also discovered through genetic predictions that apo A1 is associated with 
the risk of periodontitis19. The association between NHHR and periodontitis may be based on a joint analysis 
of the potential impact of two cholesterol categories on periodontitis, namely HDL and NHDL. However, this 
association and the exploration of mechanisms between them needs to be further explored with more well-
designed basic and clinical studies based on large samples.

There were several limitations to this study: (1) Cohort studies are more reliable for validating the results of 
this study. The study was based on cross-sectional data, and the results may be influenced by selection bias; (2) 
Lipid profiles were assessed and recorded only once in this study. The lack of repeated measurements of lipid 
profiles may be subject to acute stress and incidental effects; (3) Some of the covariates have potential confound-
ing power, are affected by the 2009–2014 NHANES database, there are problems with missing data, and there 
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Table 1.   Characteristics of participants. NHHR non-high-density lipoprotein cholesterol to high-density 
lipoprotein cholesterol ratio, HEI-2015 The Healthy Eating Index 2015, BMI body mass index, HDL-C high 
density lipoprotein cholesterol.

Total (N = 9023) None periodontitis (N = 1947) Periodontitis (N = 7076) P value

Age (years) 52.00 (41.00–64.00) 49.00 (37.00–66.00) 53.00 (42.00–64.00) < 0.001

Gender < 0.001

 Male 4569 (50.64%) 770 (39.55%) 3799 (53.69%)

 Female 4454 (49.36%) 1177 (60.45%) 3277 (46.31%)

Race < 0.001

 Mexican American 1162 (12.88%) 133 (6.83%) 1029 (14.54%)

 Other Hispanic 831 (9.21%) 157 (8.06%) 674 (9.53%)

 Non-Hispanic white 4292 (47.57%) 1126 (57.83%) 3166 (44.74%)

 Non-Hispanic black 1827 (20.25%) 360 (18.49%) 1467 (20.73%)

 Other race 911 (10.10%) 171 (8.78%) 740 (10.46%)

Education level 0.030

 Less than 9th grade 810 (8.98%) 168 (8.63%) 642 (9.07%)

 9–11th grade 1249 (13.84%) 275 (14.12%) 974 (13.76%)

 High school grad 2022 (22.41%) 398 (20.44%) 1624 (22.95%)

 Some college or AA degree 2570 (28.48%) 546 (28.04%) 2024 (28.60%)

 College graduate or above 2372 (26.29%) 560 (28.76%) 1812 (25.61%)

Marry status < 0.001

 Married 5206 (57.70%) 1124 (57.73%) 4082 (57.69%)

 Widowed 739 (8.19%) 207 (10.63%) 532 (7.52%)

 Divorced 1207 (13.38%) 263 (13.51%) 944 (13.34%)

 Separated 328 (3.64%) 53 (2.72%) 275 (3.89%)

 Never married 978 (10.84%) 200 (10.27%) 778 (10.99%)

 Living with partner 565 (6.26%) 100 (5.14%) 465 (6.57%)

Ratio of family income to poverty 0.005

 < 1.3 2715 (30.09%) 579 (29.74%) 2136 (30.19%)

 1.3–3.5 3241 (35.92%) 650 (33.38%) 2591 (36.62%)

 > 3.5 3067 (33.99%) 718 (36.88%) 2349 (33.20%)

BMI 28.38 (24.80–32.80) 28.09 (24.50–32.78) 28.40 (24.90–32.80) 0.063

Smoking status 0.842

 Yes 4226 (46.84%) 908 (46.64%) 3318 (46.89%)

 No 4797 (53.16%) 1039 (53.36%) 3758 (53.11%)

Alcohol use 0.476

 Yes 6656 (73.77%) 1424 (73.14%) 5232 (73.94%)

 No 2367 (26.23%) 523 (26.86%) 1844 (26.06%)

Hypertension 0.167

 Yes 3603 (39.93%) 751 (38.57%) 2852 (40.31%)

 No 5420 (60.07%) 1196 (61.43%) 4224 (59.69%)

Hyperglycemia 0.789

 Yes 1237 (13.71%) 313 (16.08%) 1183 (16.72%)

 No 7786 (86.29%) 1634 (83.92%) 5893 (83.28%)

HEI-2015 51.61 (42.06–61.58) 51.12 (41.45–60.39) 51.77 (42.21–61.94) 0.007

Tooth loss 3.00 (0.00–9.00) 2.00 (0.00–4.00) 4.00 (1.00–10.00) < 0.001

Dental floss < 0.001

 Yes 5803 (64.31%) 942 (48.38%) 2278 (32.19%)

 No 3220 (35.69%) 1005 (51.62%) 4798 (67.81%)

HDL-C(mg/dL) 50.00 (41.00–61.00) 50.00 (41.00–62.00) 50.00 (41.00–61.00) 0.101

Total Cholesterol (mg/dL) 194.00 (168.00–222.00) 190.00 (165.00–218.00) 195.00 (169.00–223.00) < 0.001

NHHR 2.79 (2.03–3.76) 2.67 (1.96–3.61) 2.82 (2.05–3.80) < 0.001
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may be some bias in the results. Meanwhile, detailed medication information for patients, including types of 
medications, frequency, and duration, was not investigated in this study, and the impact of medication on peri-
odontitis could not be ruled out.

Conclusion
In summary, current research suggests a positive correlation between NHHR and the increased prevalence of 
periodontitis, potentially serving as a novel predictive factor for periodontal events. This also provides valuable 
evidence for primary prevention in individuals at high prevalence of periodontitis. Clinicians can use NHHR to 
assist in identifying high-risk populations for periodontitis, thereby improving screening efficiency.

Table 2.   Association between NHHR and periodontitis among participants in NHANES 2009–2014. Model 
1 did not adjust for any potential confounders; Model 2 adjusted for: gender, age, race; Model 3 adjusted for: 
gender, age, race, education level, pir, smoking status, hypertension, hyperglycemia, HDL-c, total cholesterol, 
BMI, marry status, Alcohol use, HEI-2015 score, dental floss use status, tooth loss number. *Goodness-of-fit 
results. The goodness of fit results showed that Model 3 (R2 = 17.5%) has a better predictive ability than the 
other models.

OR P value R2 (%)*

Model 1 1.08 (1.04, 1.12) 0.0001 0.2%

Model 2 1.04 (1.00, 1.08) 0.0705 3.4%

Model 3 1.07 (1.02, 1.12) 0.0067 17.9%

Figure 2.   The association between NHHR and periodontitis.
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Data availability
The data utilized and examined in this study are available upon reasonable request from the corresponding 
author.
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