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This study aimed to clarify how concentrations of vitamin C in plasma relate to the serology of periodontitis.
The random sample used comprised 431 men, 194 from Finland and 237 from Russia. The plasma vitamin C
concentration was determined by o-phtaldialdehyde—fluorometry, and serum immunoglobulin G antibodies to
Actinobacillus actinomycetemcomitans and Porphyromonas gingivalis were determined by a multiserotype enzyme-
linked immunosorbent assay (ELISA). The mean plasma vitamin C concentration was higher (P < 0.001) in
Finnish subjects (mean * standard deviation, 4.5 * 2.8 mg/liter) than in Russian subjects (1.4 = 1.8 mg/liter).
Mean antibody levels to both A. actinomycetemcomitans (4.7 = 3.6 versus 5.2 = 3.1 ELISA units [P = 0.05]) and
P. gingivalis (5.7 £ 2.5 versus 7.6 = 2.9 ELISA units [P < 0.001]) were lower in Finnish men than in Russian
men. In the combined Finnish and Russian population, the antibody levels to P. gingivalis were negatively
correlated with vitamin C concentrations (r —0.22; P < 0.001); this association remained statistically
significant (P = 0.010) in a linear regression model after adjustment for confounding factors. The proportion
of P. gingivalis-seropositive subjects decreased with increasing vitamin C concentrations (P for trend, <0.01),
but no trend was seen among A. actinomycetemcomitans-seropositive subjects. In conclusion, P. gingivalis
infection is associated with low concentrations of vitamin C in plasma, which may increase colonization of P.
gingivalis or disturb the healing of the infected periodontium.

Periodontitis is usually a painless, slowly progressing infec-
tious disease in tooth-supporting tissues. Persistent bacterial
colonization on the tooth surfaces leads to chronic inflamma-
tion in periodontal tissues. Periodontal inflammation results in
gingival bleeding, pocket formation, destruction of alveolar
bone, and eventually loss of teeth (33). Severe forms of peri-
odontitis are relatively common, affecting up to 20% of the
population worldwide (34).

Although gingival bleeding is a clinical symptom of both
scurvy and periodontitis, the two conditions are distinct disease
entities. Unlike for scurvy, which is caused by vitamin C defi-
ciency, the etiological agents in periodontitis are dental plaque
bacteria, especially gram-negative microorganisms, including
Actinobacillus actinomycetemcomitans and Porphyromonas gin-
givalis. An inflammatory response to the overgrowth of peri-
odontal bacteria in general, and to certain species in particular,
leads to microulceration in the epithelium-facing tooth surface
in periodontal pockets, opening a route for the bacteria to the
circulation. In periodontitis, bacteria and their components are
commonly spread in circulating blood (7). The continued local
or systemic bacterial stimulus causes release of proinflamma-
tory mediators, which may have a role in the pathogenesis of
atherosclerosis and stroke (14, 28, 35). Accordingly, findings
suggesting a role of periodontitis in cardiovascular diseases
(CVD) add a new perspective to the importance of oral status
for systemic health (8).
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Vitamin C has long been a candidate for modulating peri-
odontal diseases, although the exact role of vitamin C defi-
ciency in periodontitis is not known (2, 30, 44). Even though
low vitamin C intake does not cause periodontitis, it is known
that additional vitamin C is required during infectious diseases
and tissue regeneration (17, 37). Avitaminosis-C is associated
primarily with defective collagen synthesis, causing tissue dys-
function such as impaired wound healing and ruptured capil-
laries because of insufficient support of the capillary walls by
the connective tissues (9). Regeneration of collagen to main-
tain the integrity of the tooth attachment elements is especially
important for periodontal health. Since vitamin C is involved in
the synthesis of intercellular substances such as collagen fibers
found in various forms of connective tissues and the matrix of
bone and teeth (15), and since vitamin C has immunomodu-
lating functions influencing the susceptibility of a host to in-
fectious diseases (4, 10), it is rational to hypothesize that a low
vitamin C concentration in serum is a risk factor for periodon-
tal diseases (30).

The role of a low vitamin C concentration in plasma as a risk
factor for periodontitis needs reevaluation. First, the concerted
action of intensified susceptibility to infections together with
quantitative and qualitative changes in dental plaque micro-
biota favors the growth of fastidious periodontopathogenic
species. This leads to an altered oral-periodontal ecosystem
and increased risk for development of periodontitis. Second,
due to the irreversible nature of the destruction of tooth-
supporting tissues, untreated periodontitis increases the infec-
tious burden, even after the correction of the vitamin C defi-
ciency. The aim of the study was to clarify how vitamin C
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relates to periodontitis in two culturally different populations
with very different plasma vitamin C concentrations.

MATERIALS AND METHODS

Population survey. Comparable population surveys on risk factors for chronic
diseases were carried out in North Karelia, Finland, and in Pitkédranta, Russia, in
the spring of 1997. The sampling and study protocols were described earlier in
detail (23, 45). The survey protocol followed the World Health Organization
MONICA protocol (47). During these population surveys, plasma and serum
samples were collected for the analyses of vitamin C concentrations and antibody
responses to periodontal pathogens. The ethics committee approved the survey
plan, and the subjects signed written informed consent agreements.

Study subjects. Vitamin C concentrations in plasma and levels of serum
antibodies to periodontal pathogens were determined from a random subsample
of 431 men age 25 to 64 years (194 Finnish and 237 Russian). Data on smoking
and education were collected by use of a questionnaire. Trained nurses counted
the number of teeth and restorations. Serum carbohydrate-deficient transferrin
(CDT) concentrations were determined with a double-antibody kit (CDTect;
Pharmacia & Upjohn Diagnostics, Uppsala, Sweden) to estimate alcohol con-
sumption (24).

Plasma vitamin C determinations. The plasma samples were taken after 4 h of
fasting, and the pH of the plasma was adjusted with 5% metaphosphoric acid
(1:10, volvol) within half an hour of collection. The samples were frozen and
transported on dry ice to the laboratory of the National Public Health Institute,
Helsinki, Finland. The samples were stored at —20°C, and the total vitamin C
concentration was determined within 6 months by an automated method (Au-
toanalyzer IT; Technicon, New York, N.Y.) using o-phtaldialdehyde and fluores-
cence detection (5). For pooled plasma pretreated and stored as were the
samples, the interassay variation was 4.7% (n = 10).

Serum antibodies to periodontal pathogens. Serum immunoglobulin G (IgG)
class antibodies to the periodontal pathogens A. actinomycetemcomitans and P.
gingivalis were determined by enzyme-linked immunosorbent assays (ELISAs), in
which six strains of A. actinomycetemcomitans, representing serotypes a, b, ¢, d,
and e and a nonserotypeable strain, and three strains of P. gingivalis, representing
serotypes a, b, and c, were used as antigens in the form of formalin-killed whole
cells (36). Two dilutions (1:1,500 and 1:3,000 for A. actinomycetemcomitans and
1:100 and 1:200 for P. gingivalis) of each serum sample (stored at —70°C) in
duplicate were used for the measurements, and the results (in ELISA units
[EU]), as mean absorbances, were calculated as continuous variables. The sub-
jects were considered seropositive for A. actinomycetemcomitans or P. gingivalis
when the corresponding antibody value was =5.0 EU, which represents the mean
antibody level + 1.5 times the standard deviation (SD) for the periodontally
healthy subjects in our earlier study (36). The threshold value of =14.0 EU for
the high level of the combined antibody response (antibodies to A. actinomyce-
temcomitans plus antibodies to P. gingivalis), which is considered the threshold
level for severe periodontitis, represents the corresponding mean value + 3 times
the SD for the periodontally healthy subjects (36). The interassay variation was
monitored by a “high” and a “low” serum control on each plate, and the results
were corrected according to the mean value for the high control. As calculated
from the results for the low control (n = 23), the interassay coefficients of
variation were 6.3 and 6.1% for A. actinomycetemcomitans and P. gingivalis,
respectively.

Statistical analyses. Differences in continuous and categorical variables be-
tween Finnish and Russian subjects were examined with ¢ tests and chi-square
tests, respectively. Pearson correlation analysis was used to test the correlation
between serum antibody levels and plasma vitamin C concentrations. The asso-
ciations of A. actinomycetemcomitans and P. gingivalis antibody levels with vita-
min C concentration and the confounders were examined with linear regression
analysis for the combined Finnish and Russian study populations. The statistical
analyses were carried out with SAS program version 6.0 for VAX computers.

RESULTS

The characteristics of the survey subjects, including mean
ages, serum A. actinomycetemcomitans and P. gingivalis anti-
body levels, and plasma vitamin C concentrations as well as
mean values for possible confounding factors, are presented in
Table 1. Although the Finnish men were slightly older than the
Russian men, the mean levels of antibodies to both A. actino-
mycetemcomitans (4.69 versus 523 EU [P = 0.05]) and P.
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TABLE 1. Characteristics of Finnish and Russian subjects

Mean (SD) for group

Characteristic P value
Finnish Russian

n 194 237
Age (yr) 48.2 (13.6) 44.8 (11.4) 0.005¢
Serum antibodies (EU) to:

A. actinomycetemcomitans 4.69 (2.63) 5.23 (3.09) 0.05¢

P. gingivalis 5.68 (2.52) 7.61(2.92)  <0.001¢
% of subjects with a high 19.1 32.5 <0.001°

combined antibody response

Plasma vitamin C (mg/liter)® 4.46 (2.76) 1.41(1.84)  <0.001¢
No. of teeth 20.6 (12.6) 21.1(9.4) ns*
No. of fillings 6.4 (5.7) 2.1(2.5) <0.001¢
CDT (Ulliter) 13.7(7.7) 20.9 (14.9) <0.001¢
Smokers (%) 29.8 62.9 <0.001°
Yr of education 10.0 (3.7) 11.0 (3.1) 0.003¢

“1 test.

b Chi-square test.

€1 mg/liter = 5.68 wmol/liter.
4 NS, not significant.

gingivalis (5.68 versus 7.61 EU [P < 0.001]) were significantly
lower in Finland than in Russia, respectively. In contrast to the
case for the antibody levels, the mean plasma vitamin C con-
centration was significantly (P < 0.001) higher in Finland (4.46
mg/liter) than in Russia (1.41 mg/liter). The mean number of
teeth per subject was similar in the two populations, but the
Russians had fewer (P < 0.001) dental fillings than the Finns.
The Russian men were also more frequently (P < 0.001) cur-
rent smokers (62.9 versus 29.8%), and, based on serum CDT
values, they consumed more (P < 0.001) alcohol than the
Finnish men (Table 1).

The distributions of A. actinomycetemcomitans and P. gingi-
valis antibody levels, as well as the distribution of plasma vita-
min C concentrations, are shown in Fig. 1, separately for Fin-
land and Russia. The proportions of subjects with a high
combined antibody response (antibody to A. actinomycetem-
comitans plus antibody to P. gingivalis of =14.0 EU), repre-
senting severe periodontitis, were 19.1 and 32.5% in Finland
and in Russia (P < 0.001), respectively. The proportions of
seronegative subjects (antibody level of <5.0 EU) for 4. acti-
nomycetemcomitans and P. gingivalis were 63.9 and 56.5% (P =
0.120) in Finland and 51.5 and 18.9% (P < 0.001) in Russia. A
very low plasma vitamin C concentration (=2.0 mg/liter) was
found in 80.2% of Russian men and in 22.2% of Finnish men
(P < 0.001).

In the combined study population, levels of antibodies to A.
actinomycetemcomitans and P. gingivalis correlated positively
with each other (r = 0.23; P < 0.001). Most importantly, levels
of antibodies to both pathogens were negatively correlated
with plasma vitamin C concentrations (Fig. 2); the r values for
A. actinomycetemcomitans and P. gingivalis were —0.07 (P =
0.167) and —0.22 (P < 0.001), respectively. In a linear regres-
sion model after adjustment for age, both antibodies were
associated with plasma vitamin C concentrations, but this as-
sociation was not significant for A. actinomycetemcomitans (P
= 0.220). The inverse association (f = —0.20) between vitamin
C concentrations and P. gingivalis antibody levels again was
highly significant (P < 0.001). The association remained sig-
nificant (B = —0.14; P = 0.010) after adjustment for age,
number of teeth and fillings, CDT, and number of cigarettes
smoked per day (Table 2). When adjusted for vitamin C, both
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FIG. 1. Distributions of levels of antibodies to periodontal patho-
gens and plasma vitamin C concentrations. Serum IgG class antibodies
to A. actinomycetemcomitans (A) and P. gingivalis (B) were determined
by multiserotype ELISA, and plasma vitamin C concentrations
(C) were determined by o-phtaldialdehyde—fluorometry, The sample
comprised 194 Finnish men and 237 Russian men.

antibody levels were positively associated with age: the  value
for A. actinomycetemcomitans was 0.02 (P = 0.035), and that
for P. gingivalis was 0.07 (P < 0.001). In addition, A. actino-
mycetemcomitans antibody levels were associated with smok-
ing, and P. gingivalis antibody levels were associated with the
number of fillings and teeth as well as CDT in the full model.
The number of years of education, which was used to describe
socioeconomic status, did not explain the differences in the
antibody levels.

In the combined study population, mean antibody levels for
both pathogens were higher among subjects with low vitamin C
concentrations than among subjects with higher vitamin C con-
centrations. For subjects with plasma vitamin C concentrations
of =4.0 mg/liter versus >4.0 mg/liter, the mean (£ SD) levels
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FIG. 2. Correlations between plasma vitamin C concentrations and
serum antibodies to the periodontal pathogens 4. actinomycetemcomi-
tans (A) and P. gingivalis (B). The formulas and P values for the
regression lines are shown (n = 431).

of antibodies to A. actinomycetemcomitans and P. gingivalis
were 5.06 = 2.90 EU versus 4.78 = 2.91 EU (P = 0.376) and
7.09 = 2.95 versus 5.79 = 2.55 EU (P < 0.001), respectively.
The proportion of A. actinomycetemcomitans-seropositive (an-
tibody level of =5.0 EU) subjects ranged between 24 and 46%
in the vitamin C categories, and no clear trend between the
categories could be observed (Fig. 3). On the other hand, the
proportion of P. gingivalis-seropositive subjects decreased al-
most linearly (P for trend, <0.01) from 81 to 52% with increas-
ing plasma vitamin C concentrations.

DISCUSSION

In the present study we found a weak association between
plasma vitamin C concentration and levels of antibody to A.
actinomycetemcomitans in serum (r = —0.07) but a significant
association between the vitamin C concentration and levels of
antibody to P. gingivalis (r = —0.22). Although a low plasma
vitamin C concentration or vitamin C intake has long been
known to have an effect on periodontal diseases, the majority
of epidemiological and biochemical studies have failed to show
an association between vitamin C deficiency and the preva-
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TABLE 2. Linear regression model for A. actinomycetemcomitans and P. gingivalis antibody levels with response variables added stepwise

P
Parameter and response variable P
Model 1 Model II Model IIT Model IV Model V
A. actinomycetemcomitans antibodies (EU)“
Vitamin C (mg/liter)® —0.06 (0.220) —0.07 (0.188) —0.04 (0.400) —0.05 (0.427) —0.08 (0.179)
Age (yr) 0.02 (0.035) 0.04 (0.004) 0.04 (0.007) 0.04 (0.007) 0.03 (0.043)
+ No. of teeth 0.03 (0.045) 0.04 (0.023) 0.04 (0.024) 0.04 (0.061)
+ No. of fillings —0.04 (0.250) —0.04 (0.279) —0.06 (0.132)
+ CDT (Ulliter) 0.00 (0.942) 0.02 (0.235)
+ Smoking (cigarettes/day) —0.07 (0.000)
P. gingivalis antibodies (EU)
Vitamin C (mg/liter) —0.20 (0.000) —0.21 (0.000) —0.13 (0.011) —0.12 (0.015) —0.14 (0.010)
Age (yr) 0.07 (0.000) 0.07 (0.000) 0.07 (0.000) 0.07 (0.000) 0.07 (0.000)
+ No. of teeth 0.01 (0.423) 0.04 (0.010) 0.04 (0.011) 0.04 (0.018)
+ No. of fillings —0.17 (0.000) —0.17 (0.000) —0.17 (0.000)
+ CDT (Ulliter) 0.02 (0.046) 0.03 (0.023)
+ Smoking (cigarettes/day) —0.02 (0.345)

“ Change in other variables/1-EU change in the antibody level.
1.0 mg/liter = 5.68 pmol/liter.

lence or severity of periodontitis (18, 38), nor have they dem-
onstrated that patients suffering from periodontal disease ben-
efit from vitamin C supplementation (16, 39). In the Third
National Health and Nutrition Examination Survey, compris-
ing 12,419 adult subjects, only a weak association was found
between periodontal disease as diagnosed by clinical examina-
tions and a low vitamin C intake as assessed by dietary infor-
mation (30).

A hypothetical association between periodontitis and vita-
min C is supported by the observations that additional vitamin
C is required during infectious diseases, due to increased oxi-
dative stress (17, 43). Nowadays it is well established that
periodontitis is a chronic infection caused predominantly by
gram-negative bacteria, especially A. actinomycetemcomitans
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FIG. 3. Proportions of seropositive subjects for different categories
of plasma vitamin C concentrations. The Finnish (» = 194) and Rus-
sian (n = 237) subjects with levels of serum IgG antibodies to A.
actinomycetemcomitans and P. gingivalis of =5.0 EU as determined by
a multiserotype ELISA were classified as seropositive for the patho-
gen. The proportion of seropositive subjects was calculated separately
for each vitamin C category.

and P. gingivalis (48). Vitamin C is highly concentrated in
leukocytes and is used rapidly during infection (e.g., to prevent
oxidative damage). In humans, the essentiality of vitamin C to
the immune system is most clearly illustrated during scurvy,
where infections occur and where poor or immeasurable re-
sponses are measured throughout the whole immune system
3).

In this study we exploited a new approach using serology to
diagnose periodontitis. Since several genetically and serologi-
cally heterogeneous bacterial species are involved in the patho-
genesis of periodontitis, creating a reliable serological method
for aid in diagnosis has been problematic, and the antibody
results have been controversial. However, our recently devel-
oped and validated multiserotype ELISA has a sensitivity of
71% and a specificity of 90% for identifying periodontitis (36).
Since the antigen mixtures in the ELISA consist of reference
strains representing all known serotypes of the pathogens, geo-
graphic differences in the serotype distribution (1) cannot bias
the results. This is especially important for the determination
of the levels of antibody to A. actinomycetemcomitans, since
most patients with an oral A. actinomycetemcomitans infection
harbor only one serotype of the pathogen (49). This leads to an
elevated serum antibody level against only this particular se-
rotype (46). By the multiserotype ELISA, the subjects who
were PCR positive for subgingival A. actinomycetemcomitans
or P. gingivalis could also be reliably distinguished from those
who were PCR negative.

The fact that the antibodies of both pathogens were not
significantly associated with vitamin C concentration is inter-
esting and may be explained by the different characteristics of
these pathogens (41). A. actinomycetemcomitans is particularly
associated with aggressive periodontitis in young individuals or
with refractory periodontitis in adults. P. gingivalis again occurs
specifically in severe periodontitis at adult age. Unlike A. ac-
tinomycetemcomitans, P. gingivalis cultures will survive for only
a limited number of generations in the absence of a source of
heme (32). In a periodontal pocket, blood is a likely source of
heme, since gingival bleeding increases significantly after a
1-month period of ascorbic acid depletion (25). As the most
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effective physiological antioxidant (13), vitamin C may also
generate a disadvantageous environment for the optimal
growth and survival of P. gingivalis (12). Accordingly, it is
possible that an extremely low vitamin C concentration may
increase colonization of P. gingivalis, but it is also conceivable
that it disturbs the healing of the periodontal tissues. Since the
major function of ascorbic acid is its involvement in the syn-
thesis of collagen fibers (20), a very low vitamin C status may
prevent the regeneration of periodontal tissues. However, the
attachment ligaments or alveolar bone lost due to the inflam-
mation response will not be revived.

The sample chosen for this study is especially good for find-
ing the association between vitamin C and periodontitis, since
the combined population includes a large number of subjects
with uncommonly low plasma vitamin C concentrations as well
as a high proportion of subjects with exceptionally high levels
of antibodies to periodontal pathogens. In general, vitamin C
deficiency is rarely seen in contemporary western societies,
although it is found among elderly people, alcoholics, drug
addicts, and those who survive prolonged starvation (42).
Therefore, the significance of the severity and duration of
vitamin C deficiency on chronic infections, such as periodon-
titis, is not well known. In our study, which was conducted in
the spring (samples were taken in April), the prevalence of
severe vitamin C deficiency among Russian men (79.8%) was
comparable with earlier results from 1992 (29) and in accor-
dance to their relatively low average vitamin C intake of 60
mg/day (40). The proportion of Finnish men with a very low
plasma vitamin C concentration (=2.0 mg/liter) was larger in
the present study than in the previous survey (29) (22.2 versus
2.2%, respectively). This difference is supported by a 17%
lower intake of vitamin C in 1997 (11) than in 1992 (21).
Therefore, in the present study, the plasma vitamin C concen-
trations describe the dietary intake well. However, it is likely
that the low intake of vitamin C is temporary and will increase
during the harvest period (26). Also, the common smoking and
high consumption of alcohol observed among the Russian men
are known factors associated with a low vitamin C status and
intake, respectively (27). Overall, the mean plasma vitamin C
concentrations in this study were low compared to, for exam-
ple, those in the EPIC-Norfolk prospective study (19). We are
confident, however, that our plasma vitamin C results are ac-
curate, since the collection and storage of the samples followed
a strict protocol.

Like in most epidemiological studies, in our study we used
education as a measure of socioeconomic status. However, this
did not explain the differences in antibody or plasma vitamin C
levels, although dental care and diet are connected to socio-
economic status. It has been claimed that if only one parameter
is used to describe socioeconomic status, education is the best
predictor for health (22). On the other hand, years of educa-
tion do not necessarily give comparable estimates of socioeco-
nomic status when different populations are compared. It is
possible that in some populations, such as in the Republic of
Karelia, Russia, education does not necessarily lead to a high
income or occupational status. Nonetheless, the high levels of
periodontal antibodies and the low number of dental fillings in
the Russian population suggest that dental care services are
not used as frequently in Russia as in Finland.

In this study, we found that periodontitis may be associated
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with vitamin C deficiency. As assessed by plasma vitamin C
concentrations, vitamin C deficiency is also an independent
risk factor for myocardial infarction (31). Furthermore, among
a variety of chronic infectious diseases, periodontitis is impli-
cated in CVD pathogenesis (6). In order to determine the
possible combined role of periodontitis and extreme vitamin C
deficiency in the development of CVD, prospective studies
should be conducted.
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