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Abstract

Background: Prior studies have shown an association between generalized periodontitis and anemia in older or
undernourished adults. The aim of the study was to examine the associations of erythrocyte indices with localized
periodontitis in robust young adults, which has never been reported before.

Methods: The study included 1286 military participants, aged 19-40 years, with regular exercise training in Hualien,
Taiwan. Localized periodontitis was grouped to healthy/stage | and stage II/Ill (=803 and 325) in men and (hn=130
and 28) in women according to the 2017 criteria of the world workshop. Systemic inflammation was evaluated by
leukocyte counts. Multiple logistic regression analysis with adjustment for age, tobacco smoking status, betel nut
chewing status, body mass index and leucocyte counts were used to determine the associations.

Results: Greater mean corpuscular volume in young men [odds ratio (OR) and 95% confidence intervals 1.03 (1.01-
1.06)], and greater hematocrit and hemoglobin levels in young women were associated with a higher risk of localized
stage II/Ill periodontitis [OR: 1.17 (1.02-1.34) and 1.60 (1.06-2.41), respectively]. However, there were no associations
for erythrocyte counts.

Conclusions: The localized stage II/Ill periodontitis risk increased with greater erythrocyte indices in robust young
adults. This finding could be explained in part by that localized periodontitis may promote physical stress, possibly
resulting in an increase of erythrocyte indices. On the other side, greater physical fitness associated with a lower risk
of periodontitis may consume iron storage in the body, leading to exercise-induced anemia or smaller erythrocyte
volume.

Keywords: Erythrocyte indices, Hemoglobin, Localized periodontitis, Mean corpuscular volume, Military young
adults

Introduction ligament. The prevalence of periodontitis accounts for
Periodontitis related to an immune-inflammatory 45-50% of the world’s population and the most severe
response to the pathogens in the periodontal tissues [1], form influences 11.2%, which is the sixth most common
affects the supporting tissue of the tooth, and induces human disease [2]. Dysbiosis of pathogenic microorgan-
the loss of cementum, alveolar bone and periodontal isms in the biofilm produce chemokines and proinflam-

matory cytokines to trigger inflammatory processes in

the periodontal tissues [3]. Generalized periodontitis
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pulmonary disease [7], and anemia [8]. A prior meta-
analysis has shown that generalized periodontitis might
decrease hemoglobin levels in older ages or undernour-
ished young adults and disturb the balance of iron metab-
olism, confirming the strength of association between
periodontitis and the development tendency of anemia,
particularly for severe periodontitis [8].

Anemia is characterized by reduced hemoglobin levels
or numbers of red blood cells (erythrocytes) and affects
a third of the world’s population [9]. Half of the cases are
due to iron deficiency [10]. Experimental models sug-
gested that iron sequestration is part of a natural defense
against invading pathogens [11]. An effective immune
system is depriving the stored iron, a vital nutrient for the
proliferation of invading pathogens [12]. To our knowl-
edge, in nourished young adults, iron storages are abun-
dant to effectively provide hemoglobin synthesis, which
is commonly greater than 13.0 g/dL for men and 11.0 g/
dL for women [13], except those who has a thalassemia
minor trait. In addition, generalized chronic periodon-
titis was rarely found in nourished young adults lower
than 40 years, while localized periodontitis was present
in more than 80% of the robust young adults in our prior
studies [3]. Greater body mass index (BMI) has been well
established as a risk factor of periodontitis in the gen-
eral population of any ages, whereas an association with
higher hemoglobin levels was particularly present in the
youth and women [14, 15]. Localized periodontitis begins
inflammation process from young ages, and progresses
to generalized chronic periodontitis at later life. BMI and
systemic inflammation levels may play a role for eryth-
rocyte indices in young adults. However, the association
of localized periodontitis with erythrocyte indices, e.g.,
hemoglobin levels in robust young adults has not been
investigated before. Therefore, the purpose of this study
was to clarify the relationships in military young subjects.

Materials and methods

Study population

This cross-sectional study population was obtained
from the ancillary study of the cardiorespiratory fitness
and hospitalization events in armed forces (CHIEF oral
health) study [3]. The ancillary CHIEF-Oral Health study
was carried out at the Hualien Armed Forces General
Hospital in Hualien, Taiwan during 2018-2020, includ-
ing 1389 young military adults. The exclusion criteria in
this study included women who were pregnant or within
14 days after menstruation and those who had type 1 dia-
betes, active cancer, history of seizure with anticonvul-
sant therapy, fewer than 16 teeth, missing relevant data,
treated and well-maintained periodontitis, or general-
ized periodontitis. These participants received the annual
military health examination, for oral health, physical and

Page 2 of 9

laboratory examinations. Demographic variables were
obtained from a personal questionnaire (service spe-
cialty, education level, betel nut consumption status, and
smoking status). The level of education was categorized
by the highest school grade (senior high school, college
or university, and postgraduate degree). Betel nut chew-
ing status and smoking status, both of which have been
identified as crucial risk factors of periodontal diseases
[16], were categorized into never/former and current.

Clinical and demographic measures

Before the health examination, participants were
required to fast for 12 h. Anthropometric measurements
for waist circumference, body height, and body weight
were performed in a standing position. BMI was defined
as body weight divided by square of body height (kg/m?).
Hemodynamic parameters of each participant, i.e. sys-
tolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured at rest for 15 min in a sitting posi-
tion using the FT-201 automated monitoring machine
(Parama-Tech Co Ltd, Fukuoka, Japan) [17]. The serum
biochemical concentrations and hematological indices
were measured by the auto analyzer (Olympus AU640
auto analyzer (Olympus, Kobe, Japan) and the XT-2000-I
automated hematology analyzer (Sysmex Corporation,
Kobe, Japan), respectively [18—-20]. Systemic inflamma-
tion was assessed by leucocyte counts [21].

Periodontal status measures

Full mouth periodontal charting was recorded at six sites
of each tooth, including probing pocket depth (PPD),
clinical attachment loss (CAL) and dichotomous bleed-
ing on probing (BoP). In addition, data of furcation
involvement, tooth mobility, remaining teeth numbers,
full mouth bleeding scores and full mouth radiographic
images were collected. Based on the 2017 world workshop
defined criteria of the American Academy of Periodon-
tology and the European Federation of Periodontology
[22], initial periodontitis (stage I) was defined as (1) inter-
dental CAL between 1 and 2 mm at the side of greatest
loss, or (2) radiographic bone loss <15%, or (3) no tooth
loss due to periodontitis, or (4) maximum PPD <4 mm,
or mostly horizontal bone loss; Moderate (stage II) peri-
odontitis was defined as (1) interdental CAL between 3
and 4 mm at the side of greatest loss, or (2) radiographic
bone loss between 15 and 33%, or (3) no tooth loss due
to periodontitis, or (4) maximum PPD <5 mm, or mostly
horizontal bone loss; and severe (stage III) periodontitis
was defined as (1) interdental CAL>5 mm at the side
of greatest loss, or (2) radiographic bone loss extending
to mid-third of root and beyond, or (3) with tooth loss
due to periodontitis, or (4) in addition to moderate peri-
odontitis severity further with PPD>6 mm, or vertical
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bone loss >3 mm, or class II/III furcation involvement,
or moderate ridge defect. Before the beginning of this
study, four dentists were trained for the standardization
of procedure in consecutive 100 young patients. Dis-
crepancies between two examiners were discussed by
consensus. In the last month of the warm-up period, the
consistencies for the staging and grading of periodontitis
among the examiners were both greater than 90%. After
the study begun, the dental examinations were initially
performed by Dr. Tsai, Kun-Zhe for the grading of peri-
odontitis. A follow-up examination and treatment for the
oral pathologies of each participant was performed in
detail by other dentists in the Outpatient Department in
1 month, and the inter-observer agreement (kappa coef-
ficient) for verifying the stage of periodontitis was esti-
mated 90.6%. As the study was aimed at physically active
adults, the extent of periodontitis was merely restricted
to the localized (<30% of teeth involved) [22]. This study
design and protocol were reviewed and approved by the
human ethics board of the Mennonite Christian Hospi-
tal (No. 16-05-008) in Hualien City, Taiwan and written
informed consents were obtained from all participants.
Also, this study was performed in accordance with the
Helsinki Declaration of 1975, as revised in 2013.

Statistical analysis

A sample size of 1258 or more subjects is sufficient to
have a confidence level of 99% that the real value is within
+1% of the measured value. Since the 2017 world work-
shop for the goal of periodontitis managements was to
downgrade the greater stage II-IV to the healthy or stage
I with a stable oral condition [22], we classified our sub-
jects into two groups: the healthy/stage I and the stage
II/III periodontitis. The clinical features were shown as
mean =+ standard deviation (SD) for continuous data,
and numbers (%) for categorical data. The continuous
variables were compared by one-way analysis of vari-
ance (ANOVA), and the categorical variables were com-
pared by chi-square test. Smooth curve fitting analysis
was performed for displaying spline smoothing plots to
show whether there were non-linear relationships of
erythrocyte indices with the risk of stage II/III periodon-
titis (log, transformation for the ratio of stage II/III peri-
odontitis to the healthy with an adjustment for age based
on sex. If there was a non-linear relationship, the likeli-
hood ratio test was used to compare the difference using
a segmented regression model greater and lower than the
turning point in men and women [3]. Sex-specific mul-
tiple logistic regression analysis was utilized to deter-
mine the odds ratio (OR) and 95% confidence intervals
(CI) of erythrocyte indices for localized stage II/III peri-
odontitis. The covariates were adjusted in two models for
severer periodontitis. In model 1, age, educational levels,
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smoking, and betel-nut chewing, and BMI were adjusted.
In model 2, the leukocyte counts were further adjusted.
In addition, we also provided the results using differ-
ent group classifications in which the stage I periodon-
titis was treated as an independent exposure variable in
Additional file 1: Tables S1 and S2. SPSS statistical soft-
ware was used for all the statistical analyses (IBM Corp.
Released 2017. IBM SPSS Statistics for Windows, Version
25.0. Armonk, NY: IBM Corp.).

Results

Of the 1389 young military participants in the initial
enrollment, 103 subjects were excluded due to the pres-
ence of pregnancy (N =8), lower than 2 weeks after men-
struation (N="74), type 1 diabetes (N=1), active cancer
on chemotherapy (N=1), seizure with anticonvulsants
(N=1), fewer than 16 teeth (N=3), missing relevant
data (N=12), treated and well-maintained periodonti-
tis (N=1), and generalized periodontitis (N=2). Finally,
a sample of 1286 military subjects of 1128 males and
158 females, aged 19-40 years were included for final
analysis.

Table 1 shows the clinical characteristics of men (1128)
and women (N =158), subdivided into those with healthy
periodontal status and localized stage II/III periodonti-
tis. In men, those with localized stage II/III periodontitis
(N=325) were older in age, had a greater prevalence of
metabolic syndrome and active betel-nut chewing, and
greater BP, waist circumference, BMI, total cholesterol,
serum triglycerides, leucocyte counts, mean corpuscular
volume (MCV) and full mouth bleeding score. In women,
those with localized stage II/III periodontitis (N=28)
had greater waist circumference, serum hematocrit,
serum hemoglobin and bleeding score, and lower high-
density lipoprotein.

Figures 1 and 2 present the results of spline smoothing
plots respectively for levels of erythrocyte counts, hema-
tocrit, MCV, and hemoglobin against the risk of localized
stage II/III periodontitis in young men and women. Of
these, a positive linear relationship curve was observed
in hematocrit, hemoglobin, and MCV. However, the
localized stage II/III periodontitis risk was not increased
within a range of hematocrit (42.5-50.0%) and hemo-
globin (13.5-16.0 g/dL) (a flash sign) in men but not in
women. In contrast, an inverse linear relationship curve
was observed in erythrocyte counts in both men and
women.

Table 2 demonstrates the multiple logistic regression
results for the associations between the erythrocyte
indices and localized stage II/III periodontitis. In men,
greater MCV was associated with higher localized stage
II/III periodontitis risk in model 1 [OR: 1.03, 95% CI
1.01-1.06] and in model 2 (OR: 1.03, 95% CI 1.01-1.06).
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Table 1 Clinical characteristics of the healthy/ localized stage | periodontitis and the localized stage II/1ll periodontitis

Characteristics Male (N=1128) Female (N=158)
Healthy/localized stage Localized stage I/ pvalue Healthy/localized stage Localized stage I/ p value
| periodontitis (N=2803) Il periodontitis | periodontitis (N=130) Ill periodontitis
(N=325) (N=28)
Age (years old) 30.10£5.83 3191£554 <0.001 2797+£6.25 26824637 0.38
Education level
Up to senior high 238 [29.6] 78 [24.0] 015  65[50.0] 19[67.9] 0.21
school
College/University 542 [67.5] 238[73.2] 64 [49.2] 9[32.1]
degree
Postgraduate degree 23 [2.9] 912.38] 1[0.8] 01[0.0]
Metabolic syndrome 464 [57.8] 217 [66.8] 0.005 341[26.2] 11[39.3] 0.16
Unhealthy behavior
Current betel nut 41 [5.1] 33[10.2] 0.002 1[0.8] 1[3.6] 0.22
chewer
Current tobacco 160 [19.9] 73[22.5] 033 3[23] 21[7.1] 0.18
smoker
Systolic blood pressure 122.56+£11.32 124.40+£13.31 0.01 111.674+11.62 1104641052 061
(mm Hg)
Diastolic blood pressure 74324946 7569+ 11.59 0.03 6795+944 68.11+8.69 0.93
(mm Hg)
Waist circumference (cm) 853641032 88.80+10.67 <0.001 7599+410.00 80.12+836 0.03
Body mass index (kg/mz) 25.69+£3.70 26.84+£3.65 <0.001 2336+£342 24254413 0.23
Blood test
Total cholesterol (mg/  180.55+34.74 188.27 +36.64 0.001 174.26+34.62 179.68+30.34 044
dL)
HDL-C (mmol/L) 48.17+9.99 4728+1044 0.18 5846+11.73 53394+10.34 0.03
LDL-C (mmol/L) 110.944+31.29 114.334+31.04 009  9824+£31.05 107.54 42743 0.14
Serum triglycerides 127.06+99.78 162.34+129.21 <0.001 79.55+40.70 03.184+39.36 0.10
(mg/dL)
Fasting glucose (mg/  93.65+16.41 93.74+1641 093  8873+8.60 86.614+9.23 0.24
dL)
Platelet count (10°%/ul)  252.89+55.26 254.05453.77 074  27191£57.14 289.64+60.34 0.14
Leucocyte count (10°/ 6984166 7261175 0.01 677+187 724+182 0.23
ul)
Erythrocyte count 534+£043 531£040 028 4664045 4764037 0.27
(10°/ul)
HCT (%) 4626+ 257 46.62 +2.66 0.03 40.27+43.04 41.80+3.66 0.02
MCV (fL) 86.86£6.28 88.04£5.99 0.004 86.83+7.60 87.8545.85 0.50
Hemoglobin (g/dL) 15.52+0.96 15594094 027  13.19+£1.11 13.73+1.15 0.02
Range: (min-max) 10.7-18.3 13.0-185 10.2-15.6 11.5-15.7
Full mouth bleeding 4.03+£1.72 17.77+£338 <0.001 4224178 16.75+3.37 <0.001

scores

A p-value <0.05 was defined as statistically significant and highlighted in bold
Continuous variables are expressed as mean =+ standard deviation, and categorical variables as N [%]
HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, HCT hematocrit, MCV mean corpuscular volume

However, there were no associations for erythrocyte also associated with the localized stage II/III periodonti-
counts, hematocrit, and hemoglobin. In women, the tis risk in model 1 and model 2 (OR: 1.60, 95% CI 1.06—
association of hematocrit with localized stage II/III peri-  2.42 and 1.60, 95%CI 1.06—-2.41, respectively).

odontitis was significantly presented in model 1 and

model 2 (OR: 1.17, 95% CI 1.02-1.34 and 1.17, 95%CI

1.02-1.34, respectively). In addition, hemoglobin was
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Discussion

This is the first study to demonstrate associations of
erythrocyte indices with localized stage II/III periodon-
titis in robust young adults. There were 28.8% of young
men and 17.7% of young women found to have local-
ized stage II/III periodontitis among military personnel
in Taiwan. Interestingly, the present study revealed an
inverse association between hemoglobin levels and the
presence of localized periodontitis. Different from prior
studies, which reported an association between anemia
and generalized periodontitis, the present study was car-
ried out on a unique group of robust military adults.

There have been four studies done on relatively young
adults, aged 20-55 years, in India, which reported an
association between generalized periodontitis and ane-
mia that was contrary to the present study findings
[23-26]. The inconsistent conclusion from the India
studies might result from two aspects: (1) the young
adults they included were with malnutrition status and
low physical activity; (2) the young adults they included
were with generalized chronic periodontitis. The mean
hemoglobin of control group was 12.6 g/dL (n=30
males) and 13.3 g/dL (n=27 males; n=23 females) in
the India studies done by Anumolu et al. and Gokhale
et al. [23, 26], repsecitvely, which were lower than the
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suggested normal reference for young nourished adults,
e.g., the mean hemoglobin in our male control group
(15.5 g/dL) and female control group (13.2 g/dL) in the
present study. General nutrition status reflects systemic
anti-inflammatory ability and under-nourished adults
can be less tolerable to infection.

Second, periodontitis is considered as an inflammatory
disease from localized early stage to generalized chronic
stage. Though it was not fully understood, the patho-
genic processes of anemia are considered to be mediated
through the actions of tumor necrosis factor (TNF)-a
and interleukins (IL)-1 and -6, and interferon [27]. Peri-
odontitis is predominantly caused by subgingival oral

biofilm which can activate pro-inflammatory cytokines
by endotoxins release [3]. Pro-inflammatory cytokines, in
particular IL-1, IL-6 and TNF-a might down-regulate the
erythropoiesis in the bone marrow and result in lower
numbers of erythrocytes and consequently lower hemo-
globin levels [28, 29], particularly in the iron-deficient
state of the elderly. Furthermore, the pro-inflammatory
cytokines have also been reported to facilitate the secre-
tion of ferritin [30]. Ferritin, as an iron-binding protein,
plays an important role in iron storage and recycling
and declines the hemoglobin concentrations [8]. Greater
stage of periodontitis in the elderly usually accompanied
with various degrees of bone loss had a higher possibility
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Table 2 Multiple logistic regression analysis for localized stage II/1ll periodontitis with various erythrocyte indices

Model 1 Model 2

OR 95% Cl p value OR 95% Cl p value
Male
Erythrocyte (1 03/ul) 0.79 0.57-1.09 0.14 0.77 0.56-1.06 011
HCT (%) 1.05 1.02-1.07 0.08 1.04 0.99-1.10 0.13
MCV (fL) 1.03 1.01-1.06 0.005 1.03 1.01-1.06 0.006
Hemoglobin (g/dL) 1.05 0.92-1.21 045 1.04 0.90-1.19 0.59
Female
Erythrocyte (10°/ul) 1.63 0.66-4.04 0.29 1.61 0.65-3.98 0.30
HCT (%) 117 1.02-1.34 0.02 117 1.02-1.34 0.02
MCV (fL) 1.03 0.96-1.10 045 1.03 0.96-1.09 045
Hemoglobin (g/dL) 1.60 1.06-2.42 0.02 1.60 1.06-2.41 0.02

A p-value <0.05 was defined as statistically significant and highlighted in bold

Data are presented as odds ratios and 95% confidence intervals (Cl) using multiple logistic regression analysis for

Model 1: age, educational levels, tobacco smoking, betel nut chewing and body mass index adjustments

Model 2: age, educational levels, tobacco smoking, betel nut chewing, body mass index and leucocyte adjustments

Abbreviations: Cl, confidence interval; HCT, hematocrit; MCV, mean corpuscular volume; OR, odds ratio

of developing anemia of inflammation [8, 29, 31], a hall-
mark of chronic and persistent inflammatory diseases
with prolonged immune activation [32], is found by
insufficient erythropoietin productions and decreased
response of erythroid progenitors to erythropoietin
[33]. In summary, along with periodontal disease pro-
gression to generalized periodontitis, iron storage in the
body might be consumed rapidly, thereby presenting an
anemic status, even in young adults in the India studies
[23-26].

In the present study, the erythrocyte indices were
found positively correlated with localized staged II/III
periodontitis among robust young adults. These findings
may be explained in part by that high cardiorespiratory
fitness levels have been associated with a lower risk of
periodontitis in young adults [34]. However, it was also
well known that high cardiorespiratory fitness levels have
been associated with iron consumption, leading to exer-
cise-induced anemia [35, 36]. Since women were more
predisposed to iron-deficiency anemia than men, which
might lead to a sex difference in the presentations of
erythrocyte indices that women were more likely to have
a lower hematocrit and hemoglobin level. On the other
respect, those young adults with localized periodontitis
and greater BMI in the present study might experience
higher physical stress while on regular exercise training,
which has been observed with an increase of erythrocyte
indices in an animal model [37]. Based on these evidence
mentioned above, we acknowledged that the relation-
ships between erythrocyte indices and periodontitis
should be interpreted carefully, which might vary by the

stage of periodontitis, BMI and levels of physical activity
or fitness of the study population.

In the present study, there were some limitations.
Firstly, it was impossible to exclude residual confound-
ers that may lead to a bias. For instance, response bias in
self-report measures might exist since personal consid-
erations to being good in the military personnel. Second,
this study had a cross-sectional design, so that the tem-
porality and causality could not be assessed. Third, there
were several confounders to affect erythrocyte indices in
young women because of their menstrual cycle-related
blood loss despite that the blood sample drawing time
was unified. Fourth, although we have adjusted for BMI
and leukocyte counts in the logistic models, the effect of
physical fitness on periodontitis could not be adequately
controlled for explaining the findings. In contrast, there
were several strengths in the present study. First, this was
the first large study for robust young adults investigating
the association between erythrocyte indices and local-
ized stage II/III periodontitis. Second, our study had a
large sample size that could provide sufficient power to
make gender-specific associations between erythrocyte
indices and periodontitis.

Conclusion

The localized stage II/III periodontitis risk increased with
greater erythrocyte indices in robust young adults. This
finding could be explained in part by that localized peri-
odontitis and greater BMI may promote physical stress,
possibly resulting in an increase of erythrocyte indices.
On the other end, in young adults, greater physical fit-
ness associated with a lower risk of periodontitis may
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consume iron storage in the body, leading to exercise-
induced anemia or smaller erythrocyte volume. The clini-
cal relevance in the study highlights that the presence
of localized periodontitis in robust young adults reflects
lower levels of erythrocyte indices, e.g., anemia, and was
contrary to the previous studies for generalized peri-
odontitis and anemia in older individuals.
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