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Abstract Background/purpose: Recently, the association between periodontitis and anemia

has raised the attention, however there is still a lack of convincing evidence on the association

between periodontitis and anemia. This study aimed to examine the association between peri-

odontitis and anemia by analyzing a large population-based nationally representative sample

in American.

Materials and methods: The study utilized data collected from 2009 to 2014 of the National

Health and Nutrition Examination Survey (NHANES). Participants who had received periodontal

examination and hemoglobin tests were enrolled, and the final sample size was 10,321. Partic-

ipants were categorized as no, mild, moderate, or severe periodontitis. Associations between

periodontitis and anemia were assessed using multiple logistic regression models.

Results: Overall, 49.57 % of participants were diagnosed with periodontitis, and 9.09 % had

anemia. The prevalence of anemia in moderate periodontitis and severe periodontitis groups

was 10.79 % and 11.19 %, respectively, compared to 8.00 % in the non-periodontitis partici-

pants. Moderate and severe periodontitis were associated with increased odds of anemia,

and the adjusted odds ratios (AORs) were 1.27 (95 % CI: 1.04—1.55) and 1.46 (95 % CI: 1.02

—2.10), respectively. Among participants aged 30—49 years old, moderate periodontitis was

associated with increased odds of anemia (AOR:1.40, 95 % CI: 1.02—1.93).

Conclusion: Our findings indicated that the more severe periodontitis was associated with the

increased odds of anemia by using a large nationally representative sample, especially for

young adults aged 30—49 years. This study advances the understanding of periodontitis
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systemic implications, highlights the importance of preventing periodontitis progression, while

meaningfully broadens the scope of recognized inflammatory conditions associated with ane-

mia.

ª 2026 Association for Dental Sciences of the Republic of China. Publishing services by Digital

Commons. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Periodontitis is the sixth most prevalent condition world-

wide, and the prevalence of severe periodontitis is

approximately 10 % in the adult population.1 Periodontitis,

a chronic inflammatory disorder of periodontal tissues,

represents the primary etiology of tooth loss in the adult

population. Moreover, periodontitis is linked epidemiologi-

cally with various chronic disorders, including cardiovas-

cular diseases,2 type 2 diabetes mellitus, Alzheimer’s

disease, rheumatoid arthritis,3 nonalcoholic fatty liver

diseases,4 and certain cancers.5 Evidences have verified

periodontitis could lead to a low-grade systemic inflam-

mation.6 Recent studies have reported that erythrocytes

are affected by chronic inflammatory diseases, leading to

“anemia of inflammation”, which is ranked as the world’s

second most common form of anemia.7 Anemia of inflam-

mation develops in the context of systemic inflammation,

while periodontitis could also activate the systemic immu-

nity.8 The association between periodontitis and anemia

has raised the significant attention from researchers.

Several clinical studies9—12 and meta-analyses13,14 have

reported tendencies toward periodontitis-related anemia. A

recent meta-analysis of 1423 periodontitis patients reported

the positive association between periodontitis and anemia.14

Another study enrolled 471 periodontitis patients revealed

the associations between periodontitis and decreased he-

moglobin level.12 Our previous studies also revealed that

there was a tendency toward anemia in periodontitis pa-

tients and investigated the underlying pathological mecha-

nisms.15,16 These studies indicated that periodontal

inflammation-activated immuno-inflammatory responses

might increase the risk of anemia. However, currently, there

are no large national population-level studies on the asso-

ciation between periodontitis and anemia.

Moreover, most of the existing studies were subject to

several limitations. First, only a few studies focused on the

severity or progression of periodontitis,9,12,17 while other

studies involved only chronic or aggressive periodontitis

without severity.10,11,18 Until now, the risk of anemia with

periodontitis severity classified by broadly acceptable and

commonly used definitions has not been reported. Second,

previous studies simply conducted the regression analyses

between periodontitis and the values of anemia-related

hematological parameters,11,12,17 rather than between

periodontitis and the risk of anemia, which is more relevant

and direct. Until now, the risk of anemia with different

periodontitis severity has not been reported. Third, various

confounding factors, including socioeconomic factors,

lifestyle factors, and chronic and inflammatory diseases,

have been found associated with periodontitis or ane-

mia.7,19,20 More diseases, such as rheumatoid arthritis,

stomach or intestinal illness, and chronic bronchitis, have

been found to be strongly associated with anemia in recent

years.7 Nevertheless, previous traditional studies adjusted

for only common confounding factors (e.g., age, sex,

ethnicity, smoking status, and BMI) and did not include

these chronic and inflammatory diseases,9,11,12,17 which

may affect the reliability of the results. Given the above,

there is still a lack of convincing evidence on the associa-

tion between periodontitis and anemia.

Therefore, the aim of this study was to analyze the as-

sociation between periodontitis and anemia by analyzing a

large population-based sample in the United States. The

findings will provide new evidence regarding the associa-

tion between periodontitis and anemia, enhance compre-

hension of the impact of periodontitis on overall health,

and highlight the importance of periodontitis prevention

and treatment.

Materials and methods

Data sources and the study population

The study utilized data from the National Health and

Nutrition Examination Survey (NHANES). The NHANES sys-

tematically collects cross-sectional data on health status,

nutrition indicators, and health-related behavior data

among the non-institutionalized U.S. civilian population.

The NHANES is conducted every 2-year period, and this

study included three consecutive 2-year cycles

(2009—2010, 2011—2012, and 2013—2014), which were the

only years that included the full-mouth periodontal exam-

ination. NHANES utilizes a complex, stratified, multistage

probability cluster sampling design to achieve adequate

nationally representation. The Centers for Disease Control

and Prevention (CDC) and the National Center for Health

Statistics (NCHS) Ethics Review Board approved the oral

health data collection protocol. The present study was

exempt from institutional review board approval by Peking

University School of Stomatology as it exclusively utilized

de-identified, publicly available NHANES database.

The study population enrolled individuals aged 30 years

and above who had undergone periodontal examinations

and serum hemoglobin testing. Information on the tech-

nical aspects, such as sample design, periodontal data

collection techniques, and data usability, is available in the

NHANES. In total, we included 10,321 participants in the

present study (Fig. 1).

C. Lin, X. Xing, Y. Han et al.

924

2

Journal of Dental Sciences, Vol. 21 [2026], Iss. 2, Art. 30

https://jds.ads.org.tw/journal/vol21/iss2/30

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Study variables

Periodontal measurements and periodontitis groups

According to the NHANES, periodontal examination were

conducted to participants who were aged �30 years and

retained at least one natural permanent tooth. Trained and

calibrated examiners performed periodontal assessments,

measuring six sites per tooth (buccal, mesiobuccal, dis-

tobuccal, lingual, mesiolingual, and distolingual). Peri-

odontal parameters were assessed using a standardized HU-

Friedy probe with 2-mm gradations. Probing pocket depth

(PPD) and gingival recession measurements were recorded.

Clinical attachment loss (CAL) was calculated as the dif-

ference between PPD and gingival recession.

Participants were classified into no, mild, moderate, or

severe periodontitis groups according to periodontitis diag-

nostic criteria from the Centers for Disease Control/Amer-

ican Academy of Periodontology (CDC/AAP).21 According to

standard case definitions, mild periodontitis was character-

ized by either: interproximal CAL �3 mm at �2 sites or

interproximal PPD �4 mm at �2 non-adjacent sites or any

PPD �5 mm; moderate periodontitis was characterized by

either: two or more interproximal sites with CAL�4 mm (not

on the same tooth) or two or more interproximal sites with

PPD�5 mm (not on the same tooth); severe periodontitis was

characterized by either: two or more interproximal sites

with CAL �6 mm (not on the same tooth) and one or more

proximal sites with PPD �5 mm. Participants were classified

into the no periodontitis group if they had no evidence of

mild, moderate, or severe periodontitis.

Anemia

According to the American Society of Hematology diag-

nostic criteria, participants had anemia if the serum he-

moglobin concentration was less than 13.5 g/dL for male

adults or less than 12 g/dL for female adults (https://www.

hematology.org/education/patients/anemia). Hemoglobin

was measured using a Beckman Coulter DxH-800 Analyzer

based on the Mobile Examination Center methodology.

Covariates

Potential confounding factors associated with both peri-

odontitis and anemia were adjusted for in the analyses,

including socioeconomic and lifestyle factors (i.e., age,

race, sex, body mass index (BMI), education, marital status,

annual household income, alcohol abuse, and smoking sta-

tus), chronic diseases (i.e., high cholesterol, hypertension,

cardiovascular disease, and diabetes), and other comorbid-

ities (i.e., chronic kidney disease, rheumatoid arthritis,

stomach or intestinal illness, asthma, chronic bronchitis,

liver illness, cancer, and congestive heart failure).

Age was categorized as 30—49 years, 50—64 years, and

�65 years. Race was categorized as: non-Hispanic White,

Hispanic, non-Hispanic Black, and others. Education level

was categorized as: less than 11th grade, high school, and

college and above. The annual household income was

classified as below $25,000, $25,000-$75,000 and above

$75,000. Alcohol abuse was determined based on the

question “Ever have 5 or more drinks every day?” (yes/no).

Smoking status was assessed by the question “Do you now

smoke cigarettes?” (yes: every day or someday smoke/no:

not at all). BMI values were computed as weight divided by

height squared (kg/m2) and stratified into normal, over-

weight, and obese (normal: <25 kg/m2; overweight:

25—30 kg/m2; and obese: �30 kg/m2). Health conditions

were considered if the respond was “yes” to the questions

“Have you ever been told by a doctor or other health pro-

fessional that you had hypertension, high cholesterol, car-

diovascular disease, diabetes, rheumatoid arthritis, chronic

kidney disease, stomach or intestinal illness, asthma,

chronic bronchitis, liver illness, cancer or malignancy,

congestive heart failure?“.

Data analysis

Demographic characteristics of participants were analyzed

by descriptive statistics, stratified by periodontitis groups.

The prevalence of anemia among the periodontitis groups

was calculated. Chi-square tests were used to detect dif-

ferences in categorical variables. Associations between

periodontitis and anemia were assessed by multiple logistic

regression models in the total sample and in the age or sex

subgroup samples, respectively. All analyses accounted for

NHANES’s multistage sampling design and were conducted

in R software (Version 4.3.0).22 Weighted estimates were

used for all prevalence and odds ratio results. Statistical

significance was evaluated using two-sided tests with the

threshold set at α � 0.05.

Figure 1 Flowchart for the selection of the eligible particpants.
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Results

Characteristics of the study sample

Overall, the majority of the study sample were aged 30—49

years old (49.57 %), female (51.25 %), with college graduate

or above education level (64.16 %), non-Hispanic white

(69.13 %), married (63.72 %), with an annual household in-

come of $25,000-$75,000 (39.37 %), non-alcohol abusers

(86.50 %),non-smokers (82.67 %),obese (37.08 %), with no

hypertension (65.70 %), with no high cholesterol (62.78 %),

with no diabetes (90.39 %), and with cardio-health

(83.67 %). These characteristics were significantly

different among the periodontitis groups (Table 1). The

percentages of higher white blood cell count (>11 cells/μL)

in mild, moderate, and severe periodontitis groups were

significantly higher than in the non-periodontitis group,

meanwhile, the higher percentages were associated with

periodontitis severity (mild: 5.43 %, moderate: 5.61 %, se-

vere: 6.59 % vs. normal: 3.73 %; P < 0.05).

Prevalence of anemia among periodontitis groups

In the total sample, 49.57 % met the diagnostic criteria for

periodontitis according to the CDC/AAP, and 9.09 % had

anemia. Mild, moderate, severe periodontitis accounted for

3.03 %, 35.43 %, and 11.10 % of the sample, respectively.

The prevalence of anemia in the mild, moderate, and se-

vere periodontitis groups was 8.12 %, 10.79 %, and 11.19 %,

respectively. The prevalence of anemia significantly

differed among the different periodontitis severity groups

(Table 2).

Associations between periodontitis and anemia

We explored the associations between periodontitis groups

and anemia by using logistic regression models adjusted for

different confounding factors (Table 3). In Model 1, without

adjusting any covariates, participants with moderate and

severe periodontitis were associated with increased odds of

anemia, while persons with mild periodontitis did not show

a significant association with anemia. In Model 2, after

adjusting for socioeconomic and lifestyle factors, partici-

pants with moderate periodontitis and severe periodontitis

were associated with increased odds of anemia (adjusted

odds ratio (AOR): 1.33, 95 % CI: 1.09—1.62; AOR: 1.48, 95 %

CI: 1.03—2.10, respectively). In Model 3, after adjusting for

chronic diseases, participants with moderate and severe

periodontitis were associated with increased odds of ane-

mia (AOR: 1.29, 95 % CI: 1.05—1.57; AOR: 1.45, 95 % CI:

1.02—2.06, respectively). In Model 4, after adjusting for

other comorbidities, participants with moderate and severe

periodontitis remained associated with increased odds of

anemia, and AORs for anemia in the moderate periodontitis

group and severe periodontitis group were 1.27 (95 % CI:

1.04—1.55) and 1.46 (95 % CI: 1.02—2.10), respectively.

Additional subgroup analyses were conducted, with

separate logistic regression models stratified by age and sex

categories. In the age group of 30—49, moderate peri-

odontitis was associated with increased odds of anemia,

and the AOR was 1.40 (95 % CI: 1.02—1.93) (Table 4).

Discussion

To our knowledge, this is the first report examining the

association between periodontal status and anemia based

on a large population-based sample at the national level

derived from the NHANES. Notably, our findings revealed a

significant increase in the prevalence of anemia with the

severity of periodontitis. Specifically, moderate periodon-

titis and severe periodontitis were associated with elevated

odds of anemia, particularly among young adults aged

30—49 years. Overall, these findings suggest the risk of

periodontitis-related anemia, and meanwhile, emphasize

the importance of regular periodontal examination, early

detection of periodontitis and effective periodontal ther-

apies to prevent periodontitis progression; thus, reducing

the risk of anemia and other systemic comorbidities. This

preliminary study advances the understanding of peri-

odontitis systemic implications, while meaningfully

broadens the scope of recognized inflammatory conditions

associated with anemia.

The NHANES 2009 to 2014 database applicate the stan-

dard periodontal assessment protocols with probing at six

sites for both PD and CEJ for the first time, which estab-

lished the most comprehensive global benchmark for peri-

odontitis prevalence estimates based on a national

population-level with high validity and reliability data.23

This study included 10,321 participants from the NHANES

database, and the results align with a recent meta-analysis

which demonstrated a positive association between peri-

odontitis and anemia14 and other observational stud-

ies.9—12,17,18 However, most previous studies did not

compare the prevalence of anemia in periodontitis patients

but only analyzed the reduce of anemia-related parameters

(such as hemoglobin, hematocrit, red blood cells, mean

corpuscular hemoglobin and mean corpuscular hemoglobin

concentration). Using the large nationally representative

sample, we could examine the prevalence of anemia among

periodontitis participants, moreover, the higher prevalence

in the moderate and severe periodontitis groups suggests a

need for increased awareness of the systemic health im-

plications of periodontitis among these patients. Never-

theless, this prevalence is lower than the prevalence of

anemia in other diseases, such as the prevalence in chronic

kidney disease (15.4 %),24 asthma (15 %),25 and rheumatoid

arthritis (33 %).26,27 This difference might be explained by

periodontitis typically being a more chronic and milder in-

flammatory condition than other systemic infections or

conditions.

Several previous researches have detected the associa-

tion between periodontitis severity and anemia. Nibali

divided patients into chronic periodontitis and aggressive

periodontitis, and observed a correlation between peri-

odontitis severity (measured as the number of PDs �5 mm)

and reduced hematocrit levels.9 Yamamoto reported that

the progression of periodontal disease (defined by either

radiographic evidence of �3 mm longitudinal attachment

loss at least one tooth, or tooth loss attributable to peri-

odontal disease) was associated with decreased erythro-

cyte counts.17 However, retrieved studies did not

conducted detailed analyses of the severity of periodontitis

with anemia possibly because of the lack of consistent
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Table 1 Characteristics of the study sample, stratified by the periodontitis group: NHANES 2009—2014.

Characteristics Total

n � 10,321

Normal

n � 3657

Mild periodontitis

n � 313

Moderate periodontitis

n � 5205

Severe periodontitis

n � 1146

%(SE) % (95%CI) % (95%CI) % (95%CI) %(95%CI) P-value

Age group <0.001

30—49 49.57 (1.92) 58.01 (52.30—63.72) 63.37 (51.48—75.26) 35.42 (31.73—39.11) 34.4 (28.71—40.09)

50—64 33.02 (1.66) 29.79 (25.87—33.72) 25.28 (16.34—34.21) 36.92 (32.56—41.29) 45.55 (37.89—53.20)

Above 65 17.41 (0.95) 12.20 (10.55—13.84) 11.35 (7.10—15.61) 27.66 (23.73—31.59) 20.05 (15.05—25.06)

Sex <0.001

Male 48.75 (1.94) 42.42 (37.97—46.88) 54.25 (43.38—65.12) 54.8 (49.66—59.94) 71.94 (61.22.82.68)

Female 51.25 (2.07) 57.58 (51.70—63.45) 45.75 (33.39—58.11) 45.2 (40.21—50.18) 28.06 (22.92—33.19)

Race/Ethnicity <0.001

Non-Hispanic

white

69.13 (4.35) 75.05 (65.05—85.06) 61.03 (44.66—77.40) 62.32 (52,48—72.15) 52.85 (39.75—65.95)

Hispanic 13.38 (1.27) 10.56 (8.83—12.30) 20.47 (13.53—27.42) 16.87 (13.08—20.65) 18.93 (13.53—24.34)

Non-Hispanic

black

10.29 (0.70) 7.75 (6.75—8.74) 13.93 (10.46—17.40) 12.64 (10.47—14.80) 19.42 (15.06—23.78)

Others 7.21 (0.55) 6.63 (5.55—7.71) 4.57 (1.91,7.23) 8.18 (6.46—9.90) 8.79 (5.72—11.87)

Education <0.001

Under 11th grade 15.08 (0.84) 9.1 (7.85—10.34) 18.54 (13.26—23.81) 22.38 (19.43—25.34) 31.61 (26.07—37.14)

High school/AA degree 20.76 (1.20) 17.34 (14.88—19.80) 26.99 (18.90.35.09) 24.72 (21.23—28.20) 29.47 (24.38—34.57)

College or above 64.16 (2.97) 73.57 (65.30—81.83) 54.47 (42.77—66.17) 52.9 (47.57—58.23) 38.92 (31.21—46.62)

Marital status <0.001

Unmarried 36.28 (1.18) 31.53 (29.14—33.92) 39.56 (30.55—48.57) 42.66 (37.92—47.40) 46.94 (39.53—54.35)

Married 63.72 (3.05) 68.47 (60.40—76.55) 60.44 (48.64—72.24) 57.34 (51.15—63.53) 53.06 (43.42—62.69)

Annual household income <0.001

<$25,000 23.88 (1.00) 18.01 (16.21—19.82) 27.18 (19.77—34.59) 31.65 (27.84—35.47) 37.67 (32.45—42.88)

$25,000 - $75,000 39.37 (1.90) 35.44 (31.44—39.45) 44.14 (21.84—56.43) 44.67 (39.23—50.12) 47.38 (37.87—56.88)

Above $75,000 36.75 (2.23) 46.54 (40.37—52.72) 28.68 (18.36—39.01) 23.67 (20.62—26.72) 14.96 (9.86—20.05)

Alcohol abuse <0.001

No 86.50 (3.54) 89.55 (80.17—98.92) 88.85 (73.32,100.0) 83.27 (75.28—91.25) 74.8 (63.63—85.96)

Yes 13.50 (0.68) 10.45 (8.92—11.98) 11.15 (6.50—15.80) 16.73 (14.37—19.10) 25.2 (21.28—29.22)

Smoking status <0.001

No 82.67 (3.40) 88.71 (79.77—97.65) 81.35 (66.41—96.29) 76.04 (68.38—83.70) 62.44 (52.69—72.19)

Yes 17.23 (0.69) 11.29 (9.90—12.68) 18.65 (12.58—24.71) 23.96 (21.13—26.79) 37.56 (31.82—43.29)

BMI <0.001

<25 26.19 (1.31) 28.5 (24.87—32.12) 16.56 (10.56—22.55) 26.2 (23.07—29.33) 26.28 (22.39—30.17)

25—30 35.73 (1.62) 35.61 (31.67—39.55) 39.49 (29.62—49.37) 34.53 (30.64—38.43) 36.31 (30.03—42.60)

�30 37.08 (1.47) 35.89 (32.28—39.50) 43.95 (34.42—53.47) 39.27 (34.86—43.68) 37.41 (29.99—44.82)

White blood cell count <0.001

Lower (<4 cells/μL) 3.23 (0.27) 3.77 (2.96,4.58) 1.11 (0.06,2.16) 2.78 (2.02,3.53) 1.57 (0.84,2.30)

Normal (4—11 cells/μL) 92.22 (3.70) 92.51 (83.08,100.0) 93.46 (77.42,100.0) 91.61 (82.59,100.0) 91.84 (78.65,100.0)

Higher (>11 cells/μL) 4.55 (0.30) 3.72 (3.17,4.28) 5.43 (2.00,8.86) 5.61 (4.44,6.78) 6.59 (4.10,9.08)

(continued on next page)
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definitions. In our current study, participants could be

distinctly classified into no, mild, moderate, or severe

periodontitis groups according to the definition of peri-

odontitis from the CDC/AAP definitions, which were

designed specifically for population-based research and

population surveillance21 and commonly used for studies

about periodontitis based on NHANES.28—30 The specific

classification enabled a thorough exploration and illustra-

tion of the association between periodontitis severity and

anemia.

Various comorbidities, including socioeconomic factors,

lifestyle factors, and chronic and inflammatory diseases,

have been found associated with periodontitis or ane-

mia,7,19,20 which may complicate the analyses of associa-

tion between periodontitis or anemia. Traditional

observational studies could not avoid bias due to insuffi-

cient information on these factors. One advantage of our

study is that the NHANES provides sufficient demographics,

examination and questionnaire data, which reduces sus-

ceptibility to bias and confounding variables. We conducted

multiple logistic regression models after adjusting for so-

cioeconomic and lifestyle factors, chronic disease and

other comorbidities with the purpose of minimizing bias as

much as possible. In summary, our study, based on the

NHANES database, which could provide a presentative na-

tionally sample, clear classification of periodontitis

severity, and sufficient information with fewer bias, further

provides strong evidence that periodontitis and its severity

were associated with anemia.

Our study highlights the clinical significance of the sys-

temic implications of periodontitis on overall health status

for both the public and dentist. In particular, more atten-

tion should be given to moderate and severe periodontitis

patients to mitigate the risk of periodontitis-related ane-

mia. Moreover, routine hematological parameter assess-

ments might be necessary in clinical periodontal practice.

Although the AORs for anemia in the moderate and severe

periodontitis group were 1.27 and 1.46, respectively, these

changes should not be ignored because the risk of anemia

could contribute to the inflammatory burden and disorders

associated with other systemic inflammatory comorbidities,

particularly in patients with severe periodontitis.31 Addi-

tionally, the logistic regression analyses stratified by age or

sex subgroups interestingly found that younger patients

(30-49-year-old group) with moderate periodontitis and

severe periodontitis were more susceptible to anemia.

Therefore, individuals with risk factors including more se-

vere periodontitis and younger age, should engage in

healthy oral habits and undergo regular periodontal exam-

ination to maintain periodontal health. Meanwhile, dentists

should play a crucial role in conducting regular periodontal

assessments to diligently monitor the oral health status of

their patients. Additionally, this study recommend that

physicians could include periodontal examinations as part

of examination for patients with unexplained anemia.

The type of periodontitis-related anemia is so called

anemia of inflammation. Anemia of inflammation ranked as

the world’s second most common type of anemia and is a

mild-to-moderate type of anemia associated with inflam-

matory disorders.7 Periodontitis is classified as an immune-

inflammatory disorder characterized by dysregulated host

responses to pathogenic microbial biofilms. Our previous
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studies have explored the pathological mechanisms of

periodontitis-related anemia.15,16 Hepcidin serves as the

central regulator in anemia of inflammation, and

inflammation-induced hepcidin overexpression drives the

pathogenesis through iron metabolism dysregulation,

leading to iron-restricted erythropoiesis, and finally leading

to anemia of inflammation.32 Our previous study revealed a

significant elevation in serum hepcidin levels among peri-

odontitis patients compared to controls (35.85 � 32.23 vs.

17.15 � 16.58 ng/ml, P < 0.01) and 4.4-fold higher hepcidin

concentrations in mice with ligature-induced periodontitis

(73.21 � 13.54 vs. 16.65 � 7.48 ng/ml).16 Periodontitis

could result in increased white blood cell counts, C-reac-

tive protein levels and other various inflammatory cyto-

kines levels. We further detected that among these

inflammatory mediators, increased levels of pro-

inflammatory cytokine interleukin-6 (IL-6) induces hepci-

din synthesis via the JAK-STAT signaling pathway.16 Peri-

odontal inflammation induced hepcidin impairs the release

of iron and causes iron retention, eventually leading to

decreased hemoglobin and red blood cell counts and the

development of anemia. Additionally, recent evidence

suggests that periodontitis-associated low-grade systemic

inflammation may explain its independent link with

Table 3 Logistic regression analyses of associations between anemia and the periodontitis groups: NHANES 2009—2014.

Classification Model 1 Model 2 Model 3 Model 4

Normal

(95%CI)

P-

value

AOR (95%CI) P-

value

AOR (95%CI) P-

value

AOR (95%CI) P-

value

Mild periodontitis 1.04

(0.49, 2.20)

0.922 1.01

(0.48, 2.11)

0.985 0.97

(0.47, 2.03)

0.945 0.97

(0.47, 1.98)

0.931

Moderate periodontitis 1.47

(1.21, 1.79)

<0.001 1.33

(1.09, 1.62)

0.009 1.29

(1.05, 1.57)

0.021 1.27

(1.04, 1.55)

0.026

Severe periodontitis 1.55

(1.20, 2.01)

0.002 1.48

(1.03, 2.10)

0.042 1.45

(1.02, 2.06)

0.046 1.46

(1.02, 2.10)

0.048

Model 1: Unadjusted.

Model 2: Adjusted for age, sex, race, education, marital status, annual household income, alcohol abuse, smoking status, BMI.

Model 3: Model 2 þ chronic diseases (hypertension, high cholesterol, cardiovascular disease, diabetes).

Model 4: Model 3 þ other comorbidities (rheumatoid arthritis, chronic kidney disease, stomach or intestinal illness, asthma, chronic

bronchitis, liver illness, cancer or malignancy, congestive heart failure).

AOR: Adjusted odds Ratio; CI: Confidence interval.

Table 4 Logistic regression analyses of associations between anemia and the periodontitis group stratified by age or sex

group: NHANES 2009—2014.

Mild periodontitis Moderate periodontitis Severe periodontitis

Classification Normal AOR (95%CI) P-value AOR (95%CI) P-value AOR (95%CI) P-value

Age group

30—49 Reference 0.89 (0.32, 2.49) 0.775 1.40 (1.02, 1.93) 0.043 1.46 (0.79, 2.68) 0.238

50—64 Reference 1.17 (0.34, 4.04) 0.804 1.09 (0.73, 1.62) 0.629 1.40 (0.76, 2.60) 0.291

Above 65 Reference 1.11 (0.27, 5.37) 0.814 1.33 (0.88, 2.02) 0.181 1.14 (0.64, 2.03) 0.670

Sex group

Male Reference 1.18 (0.42, 3.27) 0.754 1.29 (0.89, 1.87) 0.190 1.41 (0.82, 2.42) 0.230

Female Reference 0.94 (0.40, 2.18) 0.881 1.29 (1.00, 1.70) 0.054 1.45 (0.92, 2.28) 0.116

AOR: Adjusted odds ratio; CI: Confidence interval.

Table 2 Prevalence of anemia among periodontitis groups: NHANES 2009—2014.

Classification Anemia No anemia

% 95 % CI % 95 % CI P-value

Total 9.09 (8.04—10.14) 90.91 (83.66—98.17) <0.001

No periodontitis 8.00 (6.79—9.21) 92.00 (82.80—100.00)

Mild periodontitis 8.12 (3.83—12.42) 91.88 (81.58,100.00)

Moderate periodontitis 10.79 (9.09—12.50) 89.21 (80.58—97.83)

Severe periodontitis 11.19 (8.36—14.01) 88.81 (77.98—99.65)

CI: Confidence interval.
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inflammatory comorbidities, as this mechanism underlies

many chronic diseases.33 Meanwhile, the results of NHANES

database showed higher white blood cell count in partici-

pants with more severe periodontitis, which indicated sys-

temic inflammation of periodontitis. These findings make

sense for periodontitis-related anemia.

The following limitations of the current investigation

should be noted. First, the NHANES lacked information

about sufficient systemic inflammatory markers, such as IL-

6, and systemic iron metabolism parameters, such as serum

hepcidin, iron, and ferritin, which are helpful for defining

the anemia type as anemia of inflammation. Second, the

study was unable to adjust for all potential residual con-

founding factors, including conditions not available in the

NHANES database or those not yet reported to be associ-

ated with periodontitis or anemia. Third, the NHANES pro-

tocol employed a periodontal probe with 2-mm increments

rather than the standard 1-mm probe, potentially intro-

ducing measurement bias in clinical periodontal indices and

periodontitis classification. Finally, the 2017 classification

scheme was not utilized due to insufficient information,

such as tooth loss reason, radiographic images, or local

periodontitis complexity factors in the NHANES database.34

Further researches are necessary to investigate the rela-

tionship between periodontal disease and anemia based on

the latest 2017 classification scheme in the future to obtain

a more comprehensive perspective.

In summary, with a large nationally representative

sample, our findings provided preliminary evidence sup-

porting the association between periodontitis and its

severity were associated with anemia. This study advances

the understanding of periodontitis systemic implications,

highlights the importance of preventing periodontitis pro-

gression, while meaningfully broadens the scope of recog-

nized inflammatory conditions associated with anemia.
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