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Abstract
Previous studies examined the serum immunoglobu-
lin levels in relation to coronary artery disease (CAD). 
We hypothesized that the salivary immunoglobulins 
might better estimate oral infections in this relation-
ship. Multivariate logistic regression analyses utiliz-
ing the data from 256 angiographically confirmed 
CAD patients and 250 non-CAD individuals that 
controlled for age, sex, smoking, diabetes, total/HDL 
cholesterol ratio, hypertension, and education revealed 
the trends that salivary IgA was positively and sali-
vary IgG was inversely associated with CAD. The 
odds ratios (OR) of each increasing quartile of sali-
vary IgA were 1.00 (first and second quartiles com-
bined), 1.97, and 1.37 (p-value for trend = 0.06), 
while those for salivary IgG were 1.00, 0.77, 0.60, and 
0.51 (p-value for trend = 0.02). Additionally, salivary 
IgA correlated positively with C-reactive protein and 
Asymptotic Dental Score (dental infection score), 
while IgG was inversely associated with these inflam-
mation markers. Salivary IgA warrants further studies 
to confirm its role in the risk assessment of CAD.

KEY WORDS: coronary artery disease, inflamma-
tion, infection, salivary immunoglobulins, mucosal 
antigenicity.

Introduction

Inflammatory changes that occur during atherogenesis are known to influence 
plaque vulnerability (Birnie et al., 2005), and the synergy of extravascular 

infections, autoimmunity, and inflammation may play a role in the develop-
ment of atherosclerosis (Huittinen et al., 2003). Oral infection is postulated 
to initiate such changes by activating the innate and adaptive immune system 
to express cytokines such as interleukin (IL)-1β, IL-6, and tumor necrosis 
factor-α (TNF-α) (Yamamoto et al., 2006; Roth et al., 2007). At the same time, 
treatment of periodontitis, a major oral infection, has been associated with a 
corresponding reduction in systemic inflammatory (D'Aiuto et al., 2004) and 
endothelial dysfunction markers (Tonetti et al., 2007). Increased serum IgG 
levels against periodontal pathogens were associated with increased intima-
media thickness (IMT) (Beck et al., 2005), and increased serum IgA levels 
specific to periodontopathogens were predictive of future myocardial infarc-
tion (Pussinen et al., 2005) and stroke (Pussinen et al., 2004).

Most of these studies examined the immune response to the infection in 
the serum, by measuring IgG as the marker of interest, as opposed to the 
actual site of the infectious insult, namely, the mucosa, more appropriately 
measured by local IgA. This is important, since higher levels of serum IgA 
against Chlamydia pneumoniae were found to confer a modest increase in risk 
of coronary heart disease (CHD) (Danesh et al., 2002, 2003), while an alter-
nate study found that serum IgG did not (Ridker et al., 1999b). Although 
antibiotic treatments against Chlamydia pneumoniae have yielded no 
improvement in CVD outcomes, the trial might have been flawed, because the 
intervention was targeted without considering the participants’ seropositivity 
or infection status (Wong and Gnarpe, 2005).

In contrast to previous studies, we investigated the relationship between 
coronary artery disease (CAD) and salivary immunoglobulins (Igs) at the site 
of infection, the oral mucosa. The aim of this study was to identify answers 
to the following questions:

(i) Which salivary immunoglobulin would best estimate the strength of 
local infection in the oral cavity? (ii) Which immunoglobulin supports the 
current inflammation paradigm better? To support the query further, we 
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explored the correlation of these immunoglobulins to the mark-
ers of systemic and oral inflammation as assessed, respectively, 
by C-reactive protein (CRP) and the Asymptotic Dental Score 
(ADS) (Janket et al., 2004).

Materials & Methods

Ethical and Protection Consideration  
for Human Participants

This is a secondary analysis of existing case-control data from 
the Kuopio Oral Health and Heart (KOHH) Study. The Joint 
Ethical Committee (Institutional Review Board) of the Kuopio 
University Hospital and the University of Kuopio, Finland, 
approved the study protocol. Written informed consent was 
obtained from all participants according to the Declaration of 
Helsinki and the Belmont Accord.

Participants

For cases, we recruited 256 consecutive cardiac patients at 
Kuopio University Hospital and confirmed them as having 
CAD. We also recruited, as controls, 250 age- and sex-matched 
non-CAD individuals from the departments of general surgery 
and otorhinolaryngology. We excluded: individuals who had 
been on antibiotics during the previous 30 days; those with 
chronic infection other than dental disease; those needing emer-
gency coronary by-pass surgery or valvular replacement sur-
gery; those whose disease status was so grave that dental 
examination or x-ray could not be taken safely; and those need-
ing antibiotic prophylaxis prior to dental examination.

Ascertainment of Outcome

CAD was confirmed by angiography at the cardiothoracic 
examination, and a positive diagnosis was made if at least one 
major coronary vessel had 50% occlusion of the lumen. To esti-
mate the burden of oral infection, we derived the Asymptotic 
Dental Score (ADS), an oral infection score generated by the 
stochastic summation of the weighted likelihood ratio for 5 
common oral infections as reported previously (Janket et al., 
2004). Serum CRP levels were used as an index of systemic 
inflammation.

Measurement of Predictors

(i) Saliva Collection

The predictors of interest were salivary IgA and IgG levels. To 
avoid diurnal fluctuation, we collected saliva samples from the 
participants between 7 and 9 a.m. They had been advised not to 
eat or smoke 1 hr before the collection. With the free-flow 
method, whole saliva was collected into a 10-mL test tube for 5 
min after initial swallowing. Whenever possible, saliva was 
centrifuged (10 min, 12,000 g) and analyzed immediately. If 
immediate processing was not possible, the centrifuged superna-
tants were frozen and kept in -80°C until the time for analyses 
within the ensuing 6 mos.

(ii) Immunoglobulin Analyses

After being thawed, salivary immunoglobulins were analyzed 
by a modified Enzyme-linked ImmunoSorbent Assay (ELISA) 
by previously described methods involving microtiter plates 
(Lehtonen et al., 1984). We used rabbit anti-human IgA and IgG 
(Dako A/S, Glostrup, Denmark) for the primary adhesion layer, 
and the respective peroxidase-conjugated rabbit anti-human 
immunoglobulins (Dako A/S) as the secondary antibodies. 
Immunoglobulin concentrations were derived from standard 
curves based on known amounts of human serum standards of 
IgA and IgG (Behringwerke AG, Marburg, Germany). We car-
ried out all assays in duplicate and included cases and controls 
in all analyses for even distribution of potential environmental 
or measurement errors.

Other Confounding Risk Factors

Age was recorded in yrs; sex was coded 0 for males, 1 for 
females; and smoking was categorized as never smoked, past 
smokers, and current smokers. We calculated body mass index 
(BMI) by dividing weight in kilograms by the squared height 
in meters. Participants’ diabetes mellitus (DM) status was 
coded as a categorical variable, with 0 for absence of disease 
and 1 if they had been diagnosed or were receiving treatment 
for DM. Total cholesterol (TC), triglyceride (TG), and high-
density lipoprotein cholesterol (HDL) were measured by an 
automated enzymatic technique, and the total-to-HDL choles-
terol ratio was calculated by a statistical function. CRP was 
measured by a high-sensitivity immunoturbidimetry assay 
utilizing the Hitachi 717 analyzer (Boehringer Mannheim, 
Mannheim, Germany).

Statistical Methods

We used Statistical Analysis System (SAS) version 9.1 (SAS 
Institute, Cary, NC, USA), to compare the general character-
istics of the cases and controls, using t tests for variables with 
a normal distribution and Chi-square tests or the Wilcoxon 
rank sum test for variables with non-normal distribution. For 
the purposes of this study, we expressed levels of salivary 
IgA and salivary IgG as quartiles. Cut-off values for each 
quartile of salivary IgG levels were < 5.75, 5.75-11.50, 
11.50-20.78, and ≥ 20.78 µg/mL, and for each quartile of 
salivary IgA, they were < 43.5, 43.5-61.5, 61.5-95.4, and ≥ 
95.4 µg/mL. Using multivariable logistic regression methods, 
we calculated odds ratios (OR) of CAD for each quartile of 
salivary immunoglobulins, salivary IgG, and salivary IgA, 
compared with the reference (lowest) quartile, adjusting for 
other established risk factors. Since the first and second quar-
tiles of salivary IgA were not statistically different, we com-
bined them as a reference category. We also calculated the 
non-parametric correlation coefficient of salivary immuno-
globulins with ADS and CRP to assess the association 
between salivary immunoglobulins and the extent of local 
and systemic inflammation. All p-values were two-tailed, and 
all confidence intervals (CI) were computed at the 95% level.
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Table 1. Distribution of CHD Risk Factors According to the Quartiles of Immunoglobulin G (IgG) and Immunoglobulin A (IgA)

Immunoglobulin A (µg/mL) Immunoglobulin G (µg/mL)

  Quartile 1 Quartile 2 Quartile 3 Quartile 4 Quartile 1 Quartile 2 Quartile 3 Quartile 4

Age (mean ± SD) 58.3 (10.1) 59.6 (9.7) 59.7 (9.37) 61.5 (8.8) 61.6 (9.6) 58.7 (9.3) 58.9 (9.7) 59.9 (9.4)
BMI (mean ± SD ) Kg/M2 24.7 ( 3.6) 24.8 (2.82) 25.2 (4.11) 25.4 (3.99) 24.5 (3.7) 25.0 (3.2) 25.2 (3.6) 25.4 (4.1)
Number of teeth(mean ± SD) 15.1 (11.3) 13.9 (10.3) 11.9 (9.8) 10.8 (10.4) 7.01 (9.7) 12.7 (10.1) 14.6 (10.2) 17.0 (9.7)
Asymptotic Dental Score(mean ± SD) 6.3 ( 7.3 ) 7.32 (8.72) 8.95 (8.6) 10.3 (8.8) 11.6 (8.4) 7.2 (7.8) 7.5 (8.8) 6.6 (8.1)
Diabetes, N (%) 6 (4.96) 9 (7.38) 19 (15.7) 16 (13.6) 12 (10.3) 12 (9.9) 14 (11) 12 (10.1)
Smoking N (%) 
  Never smokers 85 (69.11) 76 (61.79) 80 (64.5) 90 (75.0) 70 (59.3) 81 (65.3) 85 (66.9) 95 (78.5)
  Past smokers 25 (20.3) 34 (27.6) 28 (22.6) 22 (18.3) 24 (20.3) 31 (25.0) 35 (27.6) 19 (15.7)
  Current smokers 13 (10.6) 13 (10.6) 16 (12.9) 8 (6.7) 24 (20.3) 12 ( 9.7) 7 (5.5) 7 (5.8)
Total/HDL cholesterol ratio (mean ± SD) 5.0 (1.52) 4.9 (1.42) 5.1 (1.31) 5.2 (1.29) 5.0 (1.5) 4.9 (1.3) 5.1 (1.4) 5.1 (1.4)
LDL cholesterol* (mmol/L) mean (± SD) 3.7 (0.95) 3.7 (0.88) 3.6 (0.89) 3.5 (0.88) 3.5 (0.9) 3.6 (0.9) 3.7 (0.9) 3.6 (0.9)
Triglyceride (mmol/L) mean (± SD) 1.9 (1.17) 1.7 (0.77) 2.1 (1.22) 2.0 (0.98) 2.0 (1.1) 1.9 (0.9) 2.0 (1.2) 2.0 (0.9)
HDL cholesterol (mmol/L) mean (± SD) 1.2 (0.3) 1.2 (0.33) 1.2 (0.30) 1.13 (0.31) 1.2 (0.4) 1.2 (0.3) 1.2 (0.3) 1.2 (0.3)
C-reactive protein mg/L (Log-transformed  
 mean ± SD)

1.9 ± 0.9 2.0 ± 1.0 2.3 ± 1.0 2.1 ± 1.0 2.3 ± 1.1 2.2 ± 0.93 1.9 ± 0.9 2.09 ± 1.04

*	 LDL cholesterol was calculated by the Friedewald equation.
Due to missing values, for some variables of N < 506.
Medians were compared by non-parametric methods.
Asymptotic Dental Score: mathematically compiled oral infection score.

Results

The general characteristics of this cohort have been described 
previously (Janket et al., 2004), and the distribution of CAD risk 
factors according to quartiles of salivary IgA and salivary IgG 
are presented in Table 1. In multivariate analyses, we found an 
increased likelihood of CAD for those in the third (odds ratios 
[OR] = 1.97) or fourth (OR = 1.37) quartile of salivary IgA, 
compared with those in the combined two lowest quartiles (p for 
trend = 0.06). We also found a decreased likelihood of CAD for 
those in the second (OR = 0.77), third (OR = 0.60), and fourth 
(OR = 0.51) highest quartiles of salivary IgG (p for trend = 
0.02). Thus, salivary IgA level appeared to be positively  
(p = 0.06) and salivary IgG appeared to be inversely associated 
with CAD (p < 0.02). These results are presented in Table 2.

Additionally, we found a positive correlation between sali-
vary IgA levels and serum CRP (r = 0.09, p < 0.05) and ADS 
(r = 0.18, p < 0.0001), while salivary IgG levels were inversely 
associated with both CRP (r = -0.11, p = 0.01) and ADS 
(r = -0.21, p < 0.0001). Together, these suggest that oral infec-
tion may contribute to systemic inflammation, and that salivary 
IgA appeared to assess mucosal antigenicity better than did 
salivary IgG. These results are presented in Table 3.

We conceptualized that salivary IgA on the oral mucosa 
would best approximate the strength of pathogenic insult (Fig.). 
In contrast, salivary IgG is an ultrafiltrate of serum IgG that is 
already modulated by the individual immune response.

Discussion

This is the first multivariate study that investigated the relationship 
of immunoglobulins assessed at the site of infection, the oral cavity, 
and CAD. According to previous suggestions (Ridker et al., 1999a), 

we assessed the total infection burden rather than one or a group of 
pathogen-specific immunoglobulins. We improved on the method-
ology further by investigating IgA; since most extravascular infec-
tions associated with CAD originate on the mucosa, it is plausible 
that local IgA would provide a more precise estimate of infections 
than corresponding serum antibodies. This point has been advo-
cated by Ridker and colleagues by acknowledging the deficiencies 
of their own study (Ridker et al., 1999a).

Salivary IgG is an ultrafiltrate of serum IgG (Söderling, 
1989), which is modified by the host’s general immune response 
and may not accurately reflect the strength of infection. This 
may explain the inverse association between salivary IgG and 
CAD that we report, as well as the paradoxical relationship of 
serum IgG to periodontal pathogens reported previously (Kinane 
et al., 1993). We postulated that the most proximal assessment 
of infection near the entry point of pathogens would approxi-
mate the strength of infection more accurately than a distal 
measure such as serum IgG levels.

Further support for this concept comes from our calculation 
of the specificity of salivary IgA and salivary IgG. The specific-
ity for the highest quartile of salivary IgA was 0.76, and that of 
the lowest quartile of salivary IgG was 0.80. Thus, salivary 
immunoglobulins generated much better specificity than the 
CRP level at 3 mg/L, which yielded 0.34. Unfortunately, we can-
not provide the specificities of serum immunoglobulin, but we 
are confident that salivary immunoglobulins will provide a much 
better test due to their proximity to the entry point of infectious 
stimuli. Some studies have reported specificity figures of 90% or 
above, but often these figures are a reflection of low prevalence 
rather than evidence of a superior test performance (Zweig and 
Campbell, 1993). For example, at a prevalence of 1%, if every-
one is classified as not having the disease without any test, then 
having no test at all will generate a specificity of 99%.
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Table 3. Spearman Correlation Matrix: Correlation of IgA and IgG to Local and Systemic Inflammation

IgA (µg/mL) IgG (µg/mL ) Asymptotic Dental Infection Score (ADS) C-reactive Protein (CRP)

IgA (µg/mL) 1.00 0.39 0.18 0.09
  p < 0.0001 p < 0.0001 p = 0.05
IgG (µg/mL) 0.39 1.00 - 0.21 - 0.11
  p < 0.0001 p < 0.0001 p = 0.01
Asymptotic Dental Infection score 0.18 - 0.21 1.00 0.26
  p < 0.0001 p < 0.0001 p < 0.0001
C-reactive protein (CRP) 0.09 -  0.11 0.26 1.00
  p = 0.05 p = 0.01 p < 0.0001  

The non-parametric correlation matrix demonstrates unadjusted correlation coefficients between the two variables.

Pathogens at
the entry point 

Systemic
Circulation  

SIgA 

Ultra filtrate 

Salivary
IgG

Serum
IgG

Modified by host
immune response 

Oral 
mucosa

SIgA: Salivary  immunoglobulin A 
IgG: serum immunoglobulin G 
Salivary IgG: ultra-filtrate of serum IgG

Figure. Schematic diagram for conceptual mechanism

Table 2. Multivariate Models to Predict the Probability of CAD

Immunoglobulin A        Immunoglobulin G

Main Predictor Odds Ratio 95% CI p-value for trend Odds Ratio 95% CI p-value for trend

Quartile 1 1.00 (Q1. Q2 combined 1.00  
Quartile 2    as a reference) 0.77 (0.42 - 1.40)  
Quartile 3 1.97 (1.17 - 3.32) 0.06 0.60 (0.33 - 1.11) 0.02** 
Quartile 4 1.37 (0.81 - 2.31) 0.51 (0.27 - 0.94)
Covariates
  Age
    ≤ 50 yrs 1.00 1.00
    Each year increase 0.98 0.96 - 1.01 0.20 0.98 0.96 - 1.01 0.17
  Sex
    Male 1.00 1.00
    Female 2.04 1.25 - 3.34 0.004** 1.94 1.19 - 3.16 0.008**
  Smoking
    Never 1.00 1.00
    Past 11.4 6.08 - 21.4 < 0.0001** 10.6 5.63 - 19.8 < 0.0001**
    Current 2.35 1.16 - 4.76 0.02** 1.98 0.97 - 4.03 0.06
  Total/HDL cholesterol ratio
    Reference (≤ 3.5) 1.00 1.00
    > 3.5 2.19 1.10 - 4.37 0.03** 2.42 1.22 - 4.79 0.01**
  Diabetes
    No 1.00 1.00
    Yes 1.72 0.82 - 3.61 0.15 1.89 0.91 - 3.93 0.09
  Hypertension
    No 1.00 1.00
    Yes 3.87 2.42 - 6.17 < 0.0001** 4.10 2.56 - 6.56 < 0.0001**
  Education
    Up to high school 1.00 1.00
    College and above 0.87 0.82 - 0.95 0.0006** 0.88 0.82 - 0.95 0.0007**

**	 Statistically significant.
CAD: coronary artery disease.
All covariates were controlled simultaneously with IgA and IgG quartiles.

The significant positive correlations of salivary IgA with ADS 
and CRP further support the view that salivary IgA may be a better 
measure of local inflammation. This was in agreement with the 
report that IgA titers against C. pneumoniae were better markers for 
the risk of ischemic stroke than were IgG titers (Elkind et al., 2006). 
Furthermore, the fact that oral infection score (ADS) was signifi-
cantly (r = 0.26, p < 0.0001) correlated with CRP levels suggests an 
important contribution of oral infection to systemic inflammation. 
Change in ADS could reasonably explain 26% of the changes in 
CRP measurement in a global sense (Kleinbaum et al., 1998).

Neither of the immunoglobulins demonstrated any clear 
trend with lipid profile. This is in agreement with a previous 
report that 50% of cardiac events occur among those without 
elevated cholesterol levels, and that inflammation may be the 
core etiological factor in these cases (Blake and Ridker, 2001).
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Our results on IgA are in agreement with our previous report 
(Janket et al., 2003) and with those of others who used serum IgA 
(Danesh et al., 2000, 2002; Karvonen et al., 2003; Johansson
et al., 2005; Liu et al., 2005). An interesting parallel exists between 
our results and results by others using IgA and IgG against human 
cytomegalovirus. Danesh and associates observed increased risk 
of CHD with increased levels of serum IgA against cytomegalovi-
rus (OR = 1.40; 95% CI = 0.96-2.05), while Ridker and associates 
reported an inverse association of IgG against the same cyto-
megalovirus (OR = 0.72; 95% CI = 0.6-0.9) (Ridker et al., 1998). 
The ratio of relative risks assessed by IgA and IgG (1.40:0.70) is 
very similar to our results (1.20:0.80), namely, showing a direct 
association of salivary IgA with CHD (OR = 1.2; CI = 0.99-1.40) 
and an inverse association of salivary IgG with CHD (OR = 0.80, 
CI = 0.70-1.00). These ratios of relative risk underscore the 
changes in the direction of association depending on the immuno-
globulin used, and are summarized in Appendix Table 1.

Some caveats concerning our results are worth mentioning. The 
immunological associations (Muhlestein and Anderson, 2003) may 
reflect individual variation in immune response rather than the 
strength of causative infection or inflammation. Currently, there is 
no published evidence that seropositivity and infection has a 1:1 or 
even linear relationship (Muhlestein and Anderson, 2003). 
Additionally, the current study was a cross-sectional investigation 
and did not allow us to interpret our results in a causal context.

Although the p-value for the relationship between salivary 
IgA and CAD did not reach the traditional significance level of 
α = 0.05, we should note that since a significant p-value is a 
function of sample size and effect size (George, 1984), the point 
estimate and the confidence intervals are more clinically mean-
ingful (Gardner and Altman, 1986).

Periodontitis assessed by pocket depth may not be a precise 
assessment measure of oral infection/inflammation (Vettore  
et al., 2008), because it includes the evidence of past periodon-
titis. Thus, a precise marker of periodontitis or oral infection is 
needed. Although modest, our results provide some evidence 
that salivary IgA might be used as a biomarker in the assessment 
of oral infection. However, as with any scientific truth, our find-
ings must be iterated by future studies.

In conclusion, salivary immunoglobulins may be associated 
with prevalent CAD, and salivary IgA appeared to approximate 
the infectious insult on the oral mucosa.
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