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Background: The relationship between systemic antioxida-
tive status and periodontal condition has been investigated in
epidemiologic studies. However, little literature is available
with regard to the correlation between systemic reactive oxy-
gen species and periodontal condition. The purpose of this
cross-sectional study was to investigate the relationship be-
tween plasma reactive oxygen metabolites (ROM) and peri-
odontal condition in patients in the maintenance phase of
periodontal treatment.

Methods: Eighty-one subjects (mean age: 57.4 years) who
had entered a periodontal maintenance program were exam-
ined for probing depth (PD) and clinical attachment level
(CAL). Plasma levels of ROM and biologic antioxidant poten-
tial (BAP) were determined with a free radical electric evalua-
tor.

Results: The plasma level of ROM was positively correlated
to mean CAL (r = 0.281; P = 0.011) and percentage of teeth
with CAL ‡4 mm (r = 0.236; P = 0.034), but not mean PD
(r = 0.196; P = 0.080). Logistic regression analysis showed
that subjects with ROM levels >400 Carratelli units (CARR U)
had significantly higher mean CAL compared to subjects
with ROM £400 CARR U after adjusting for age, gender, and
the number of teeth present (P = 0.011). However, the plasma
level of BAP was not significantly correlated with the periodon-
tal parameters.

Conclusions: A positive association was found between
plasma oxidative status and CAL in patients in the mainte-
nance phase of periodontal therapy. A systemic increase in
oxidative stress may influence the rate of progression of peri-
odontal disease. J Periodontol 2008;79:2136-2142.
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I
n aerobic organisms, the imbalance
between reactive oxygen species
(ROS) generation and the antioxidant

defense system leads to increased oxi-
dative stress.1,2 Epidemiologic studies
have investigated the relationship be-
tween systemic antioxidative status and
periodontal conditions. For instance, a
negative association was reported be-
tween plasma vitamin C levels and
periodontal attachment loss.3,4 It was
also shown that plasma levels of vitamin
E and glutathione were lower in chronic
periodontitis patients than in periodon-
tally healthy individuals.5 The changes
in systemic antioxidative status affect
periodontal health. However, little liter-
ature is available with regard to the
relationship between blood ROS and
periodontal condition; direct measure-
ment of ROS is difficult because of its
biochemical instability.

Recently, a method for measuring re-
active oxygenmetabolites (ROM) in blood
samples has been developed, which was
recognized to be useful for the evaluation
of oxidative stress in the body.6-8 This
analysis measures the whole oxidant ca-
pacity of blood against N, N-diethylpara-
phenylendiamine inacidicbuffer.Themain
components of ROM are hydroperoxides,
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which are intermediate oxidative products of lipids,
peptides, and amino acids. Despite fair oxidant power,
hydroperoxides in the plasma are relatively stable
compared to its parent free radicals; therefore, the
level can be detected. Elevated levels of blood ROM
have been associated with obstructive sleep apnea7

and diets with less vegetables or fruit.8

Smoking and diabetes mellitus, well-known risk
factors for periodontal disease,9 can result in a sys-
temic oxidant–antioxidant imbalance as reflected by
increased products of lipid peroxidation.10,11 A recent
epidemiologic study12 showed that ethanol consump-
tion is an independent modifiable risk factor for peri-
odontal disease, and an animal study13 revealed that
circulating oxidative stress might be involved in the
mechanism of periodontal breakdown by ethanol
consumption. These findings suggested that a sys-
temic increase in oxidative stress may have a detri-
mental effect on the periodontal condition. The
purpose of the present study was to investigate the re-
lationship between the periodontal condition and
plasma ROM levels. Because periodontal inflamma-
tion may influence systemic oxidative status,14,15 pa-
tients in the maintenance phase of periodontal
treatment who had little inflammation were included
in this study. In addition, the plasma level of the bio-
logic antioxidant potential (BAP) was measured to eval-
uate the corresponding antioxidative status.16-18 This
test could be conveniently performed at chairside
within 10 minutes with the same machine used to an-
alyze the plasma ROM level.

MATERIALS AND METHODS

Subject Recruitment
Eighty-one individuals (62 females and 19 males;
mean age: 57.4 – 12.3 years; range: 26 to 84 years)
were recruited from the patients under maintenance
therapy at the Department of Preventive Dentistry,
Okayama University Hospital from June 2007 to
November 2007 (Table 1). All subjects had been di-
agnosed with chronic periodontitis and were receiving
comprehensive dental care that included non-surgical
periodontal therapy consisting of oral hygiene in-
structions, supra/subgingival debridement, and scal-
ing and root planing of all pockets (‡4 mm) every 3 to
4 months for 9.5 – 7.7 years. They had ‡15 teeth,
<20% sites with bleeding on probing (BOP), and had
shown no features of acute periodontal inflammation
or gingival abscess within the previous 6 months. The
subjects were systemically healthy, and the exclusion
criteria were as follows: pregnancy, previous or cur-
rent smoker, or user of antioxidant (e.g., vitamin C
and coenzyme Q10) supplementation and/or anti-
inflammatory drugs within the previous 3 months.
The study was approved by the Ethical Committee
of Okayama University Graduate School of Medicine,

Dentistry and Pharmaceutical Sciences. After obtain-
ing written informed consent, a detailed medical ques-
tionnaire was completed by the dentists, and subjects
who fulfilled the study requirements were enrolled.

Clinical Measurements
Probing depth (PD) and clinical attachment level
(CAL) were measured using a color-coded probe†

at six sites (mesio-buccal, mid-buccal, disto-buccal,
mesio-lingual, mid-lingual, and disto-lingual) on all
teeth. Sites that bled upon gentle probing were re-
corded, and the percentage of bleeding sites was cal-
culated in each subject. Plaque levels were measured
after staining with erythrosine and recorded as the
presence or absence of plaque at four sites (mesial,
distal, buccal, and lingual) around each tooth. The
percentage of sites in which plaque was detected
was calculated for each subject.19

Measurement of Plasma ROM Level
The measurement of plasma ROM level was per-
formedusinga free radical electric evaluator,‡ accord-
ing to the analysis procedures.6-8 This test evaluates
the ability of transition metals to catalyze, in the pres-
ence of peroxides, the formation of free radicals, which
are trapped by an alkylamine. First, a 20-ml plasma
sample (from the fingertip) and 1 ml acetate buffer
(pH 4.8) were gently mixed in a cuvette, and then
20 ml chromogenic substrate (N, N-diethylparaphe-
nylendiamine) was added to it. After mixing, the
cuvette was immediately incubated in the thermo-
static block of the analyzer for 5 minutes at 37�C.
An absorbance of 505 nm was recorded. The mea-
surement unit was expressed as Carratelli units
(CARR U). It has been established that 1 CARR U cor-
responds to 0.08 mg/dl hydrogen peroxide.8 From the

Table 1.

Age and Gender Distribution of Subjects

Age Group (years) Male (n) Female (n) Total (n)

20 to 29 2 1 3

30 to 39 2 4 6

40 to 49 3 3 6

50 to 59 5 25 30

60 to 69 5 19 24

70 to 79 1 9 10

80 to 89 1 1 2

Total 19 62 81

† CP-11, Hu-Friedy, Chicago, IL.
‡ Diacron International, Grosseto, Italy.
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manufacturer’s instructions, the
following classification was made:
normal, 250 to 300 CARR U; bor-
derline, 301 to 320 CARR U; slight
oxidative stress,321 to 340CARRU;
oxidative stress, 341 to 400 CARR
U; high oxidative stress, 401 to 500
CARR U; and very high oxidative
stress, >500 CARR U.

Measurement of Plasma
BAP Level
The plasma levels of BAP were also
measured using a free radical elec-
tric evaluator, according to the
analysis procedures.16-18 This test
is based on the ability of the plasma
samples to reduce the ferric (Fe3+)
ions in a colored solution to ferrous
(Fe2+) ions. In brief, the addition of
10 ml plasma to a colored solution,
obtained by mixing solutions of 50 ml Fe3+ chloride
and a thiocyanate derivative, causes decoloration,
the intensity of which is measured photometrically
at 505 nm and is proportional to the ability of plasma
to bind to ferric ions. The results are expressed as
mmol/l. The manufacturer’s instructions showed the
following classification: optimum range, 2,201 to
4,000 mmol/l; borderline, 2,001 to 2,200 mmol/l;
moderate shortage, 1,801 to 2,000 mmol/l; shortage,
1,601 to 1,800 mmol/l; severe shortage, 1,401 to
1,600 mmol/l; and very severe shortage, £1,400 mmol/l.

Statistical Analysis
Means – SD were calculated for the following study
variables: subject age, number of teeth present, PD,
CAL, percentage of teeth with CAL ‡4 mm, percent-
age of sites with BOP, percentage of sites with plaque,
plasma ROM level, and plasma BAP level. The statis-
tical significance of associations among variables was
determined by using the Spearman rank correlation
coefficient. The Mann-Whitney U test was used to
compare periodontal parameters between females
and males, between the subjects with plasma ROM
>400 CARR U and those with plasma ROM £400
CARR U, and between the subjects with plasma BAP
>2,200 mmol/l and those with plasma BAP £2,200
mmol/l. Logistic regression analysis was used to de-
termine the characteristics of subjects with high and
low levels of plasma ROM. Using the data from all sub-
jects, the high or low level of plasma ROM was used as
the dependent variable, and age, gender, number of
teeth present, and mean CAL were regarded as the in-
dependent variables. All analyses were performed
using a software program.§ A P value <0.05 was con-
sidered significant.

RESULTS

Clinical Parameters
With the exception of plasma ROM level, there was no
significant difference in any of the parameters be-
tween males and females (Table 2). Mean plasma
levels of ROM and BAP were 381 – 63 CARR U and
2,389 – 264 mmol/l, respectively. Subjects with oxi-
dative stress (plasma ROM level from 341 to 400
CARR U) and with an optimum level of plasma BAP
(from 2,201 to 4,000 mmol/l) were the most prevalent
(Table 3).

Correlations Between Plasma ROM Level
and Clinical Parameters
The plasma ROM level was negatively correlated with
the number of teeth present (P = 0.039) and positively
correlated with mean CAL (P = 0.011) and the per-
centage of teeth with CAL ‡4 mm (P = 0.034) (Table
4; Fig. 1). Subjects with plasma ROM >400 CARR U
had a significantly greater mean CAL (P = 0.005)
and percentage of teeth with CAL ‡4 mm (P = 0.005)
compared to those with plasma ROM £400 CARR U
(Table 5). In the logistic regression model, only mean
CAL was significantly associated with high or low
levels of plasma ROM (P = 0.011; Table 6).

Correlations Between Plasma BAP Level and
Clinical Parameters
There was no significant correlation between the
plasma BAP level and other parameters, including age,
number of teeth present, and periodontal condition
(Table 4). No significant differences were observed
in age, number of teeth present, mean PD, mean

Table 2.

Summary of Each Parameter (mean – SD)

Male (n = 19) Female (n = 62) Total (n = 81)

Age (years) 52.1 – 14.8 59.1 – 11.0 57.4 – 12.3

Teeth present (n) 26.6 – 2.7 25.1 – 3.9 25.5 – 3.7

Periodontal parameters
PD (mm) 1.9 – 0.3 1.8 – 0.4 1.8 – 0.4
CAL (mm) 2.3 – 0.8 2.5 – 1.0 2.5 – 1.0
Teeth with CAL ‡4 mm (%) 13 – 19 17 – 22 16 – 22
Sites with BOP (%) 5.5 – 4.8 4.8 – 4.3 4.9 – 4.4
Sites with plaque (%) 26 – 20 18 – 15 20 – 17

Plasma parameters
ROM (CARR U) 353 – 62 390 – 61* 381 – 63
BAP (mmol/l) 2,454 – 300 2,369 – 251 2,389 – 264

* Significantly different from males (P <0.05).

§ SPSS 15.0 J for Windows, SPSS Japan, Tokyo, Japan.
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CAL,percentageof teethwithCAL ‡4mm,percentage
of sites with BOP, or percentage of sites with plaque
between the subjects with plasma BAP >2,200 mmol/l
and those with plasma BAP £2,200 mmol/l (data not
shown).

DISCUSSION

To the best of our knowledge, this was the first epide-
miologic study to assess the relationship of plasma
ROM/BAP levels to periodontal conditions and to
show that plasma oxidative status was positively as-
sociated with periodontal conditions in patients under
periodontal maintenance. Plasma ROM is considered
to be a reliable indicator of oxidative status,6-8 and it
correlated positively with mean CAL and the percent-
age of teeth with CAL ‡4 mm. Logistic regression

analysis also showed that the subjects with ROM
>400 CARR U had significantly higher mean CAL
compared to those with ROM £400 CARR U after ad-
justing for age, gender, and the number of teeth pres-
ent. Because CAL reflects periodontal breakdown,20

these results suggested that the high oxidative status
of plasma could have affected the rate of progression
of periodontal disease in the past. In addition, the sub-
jects in the present study had <20% of sites with BOP,
which shows that they had relatively low inflamma-
tion in their periodontium. Furthermore, no signifi-
cant correlation between plasma ROM level and the
percentage of sites with BOP was found. It is sug-
gested that the present disease activity in the peri-
odontium had little influence on the plasma level of
ROM.

Table 4.

Correlations Between the Plasma Parameters and Other Parameters in All
Subjects (N = 81)

Plasma ROM Level (CARR U) Plasma BAP Level (mmol/l)

r* P Value r* P Value

Age 0.087 0.439 0.029 0.795

Number of teeth present -0.230 0.039 -0.029 0.795

Mean PD 0.196 0.080 0.045 0.689

Mean CAL 0.281 0.011 0.123 0.274

Percentage of teeth with CAL ‡4 mm 0.236 0.034 0.065 0.564

Percentage of sites with BOP 0.039 0.727 -0.040 0.725

Percentage of sites with plaque -0.124 0.269 0.032 0.774

* Spearman rank correlation coefficient.

Table 3.

Distribution of Plasma Levels of ROM and BAP in the Study Subjects

ROM BAP

Classification Range (CARR U) Subjects (n [%]) Classification Range (mmol/l) Subjects (n [%])

Normal 250 to 300 4 (4.9) Optimum 2,201 to 4,000 61 (75.3)

Borderline 301 to 320 5 (6.2) Borderline 2,001 to 2,200 15 (18.5)

Slight oxidative stress 321 to 340 15 (18.5) Moderate shortage 1,801 to 2,000 4 (4.9)

Oxidative stress 341 to 400 29 (35.8) Shortage 1,601 to 1,800 1 (1.2)

High oxidative stress 401 to 500 24 (29.6) Severe shortage 1,401 to 1,600 0 (0)

Very high oxidative
stress

>500 4 (4.9) Very severe shortage £1,400 0 (0)
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In contrast to the plasma ROM level, the plasma
BAP level did not correlate with any periodontal pa-
rameter. In previous studies,15,21 there were no signif-
icant differences in serum or plasma antioxidant
concentration between the group with chronic peri-
odontitis and controls. These findings suggested that
the correlation of blood total antioxidant status with
periodontal conditions was modest. However, clinical
studies also showed that the blood antioxidant status
in subjects with periodontitis was lower than in sub-
jects with healthy gingiva by analyzing total antioxi-
dant status,22 total antioxidant capacity,23,24 superoxide
dismutase concentration,23,24 and glutathione perox-

idase activity.23,24 Several methodologies are avail-
able to evaluate the antioxidant status in blood
samples. A previous study25 suggested that the
Fe3+ reducing antioxidant power (FRAP) assay has
some drawbacks, such as interference and reaction
kinetics, compared to the oxygen radical absorption
capacity (ORAC) method. Therefore, the reason for
not observing any correlation between the blood anti-
oxidative status and the periodontal parameters
might be related to the BAP test performed. Additional
assays (e.g., ORAC method) might be required to in-
vestigate the correlation between systemic antioxi-
dant status and periodontal condition.

Another possible reason for no correlation between
plasma BAP level and periodontal parameter may
be the distribution of plasma BAP. The majority of
the subjects (75%) had normal plasma BAP levels
(Table 3).

Although it is known that estrogen (one of the fe-
male sex hormones) acts as an antioxidant,26-28 there
was no significant difference in plasma BAP levels be-
tween females and males in our findings. In this study,
>80% of the female subjects were >50 years old. Be-
cause most of the female subjects were postmeno-
pausal, it is possible that the influence of estrogen
was minimal in this study.

All subjects in the present study had entered a sup-
portive periodontal care program. Their low plaque
scores and the percentage of sites with BOP reflected
a well-maintained periodontal patient population.
Good oral hygiene and reducing gingival inflamma-
tion are important for maintaining periodontal health.
However, in our study, the periodontal condition cor-
related with plasma oxidative stress, even when few
local risk factors for periodontal disease were present.
Because oxidative stress may be involved in the path-
ogenesis of periodontal disease,29-31 therapeutic ap-
proaches to systemic oxidative stress may also
offer clinical improvements in periodontal health
for patients in the maintenance phase of periodon-
tal treatment. Further studies are needed to clarify this
issue.

Habitual smoking and systemic diseases such as
diabetes mellitus create high oxidative stress.10,32 In
our study, all subjects were systemically healthy
and never-smokers. It is conceivable that other factors
caused changes in plasma ROM level. It is accepted
that nutritional status affects systemic oxidative
stress,33 and it may have played an important role
in the current study. Further studies are needed to ex-
amine the relationships among nutrition intake,
plasma ROM level, and periodontal conditions.

It is not clear whether the increase in plasma ROM
level is a cause or result of periodontal disease. It was
reported that hydroperoxides, which are the main
components of ROM, cause cell death and tissue

Figure 1.
Correlation between the plasma ROM level and clinical parameters.
The y axis represents the number of teeth present (A), mean CAL
(B), and the percentage of teeth with CAL ‡4 mm (C). The solid
lines represent regression lines. *Spearman rank correlation
coefficient.
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damage,34,35 suggesting that an increased level of
plasma ROM may cause the progression of periodon-
tal disease. However, an animal study36 showed that
toothbrushing improved the increased plasma level of
oxidative DNA damage induced by periodontal in-
flammation. Longitudinal studies are needed to exam-
ine the causal relationship between plasma ROM level
and periodontal conditions.

The present study had several limitations. The
study population was not balanced with regard to gen-
der and age; more male and younger subjects should
be included in future investigations. Also, the subjects
with normal plasma ROM levels (from 250 to 300
CARR U) made up only 5% of the study population,
suggesting that some subjects might have had sys-
temic diseases of which they were unaware. There-
fore, it might be better to conduct biochemical blood
tests and to have a detailed medical examination per-
formed by a medical doctor. It will also be important to

compare plasma ROM
level between patients
with active periodontitis
and periodontally healthy
subjects. Because the
FRAP assay has some
drawbacks, a future study
using the other methods
to analyze blood antioxi-
dative status is needed.

CONCLUSIONS

There was a positive rela-
tionship between peri-
odontal condition and
plasma oxidative status
in patients in the main-
tenance phase of peri-
odontal treatment. The
results suggested that
the high oxidative status
in plasma could have af-
fected the rate of progres-
sion of periodontal disease
in the past.
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