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Abstract

This study evaluated individual differences in levels of C-reactive protein (CRP) measured in
saliva, cross-sectionally and prospectively, in relation to systemic inflammation and risk for
cardiovascular disease (CVD). Plasma and saliva samples, later assayed for CRP, were collected
multiple times from an ethnically diverse group of women seeking help from domestic violence
crisis shelters-agencies (V= 107; mean age at study start = 34 years). Plasma and saliva CRP
levels were moderately associated cross-sectionally and across two years. There were indications
that saliva CRP levels were, on average, higher in the morning than evening. Higher levels of
saliva and plasma CRP were associated with a higher body mass index, but did not differ between
women who did and did not smoke. Salivary CRP reliably discriminated between high and low
levels of plasma CRP, using a clinically relevant cutoff point of 3 mg/L, recommended by the
American Heart Association. Results build upon an emerging literature suggesting that under
specific conditions levels of CRP in saliva may reflect low-grade inflammation and have the
potential to serve as a screen for CVD risk status.
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Childhood maltreatment and intimate partner violence (IPV) are associated with persistent
activation of inflammatory processes (e.g., Danese et al., 2007; Fernandez-Botran et al.,
2011). Studies indeed suggest that inflammation is a key mechanism through which harsh
life events affect the development of physical health problems (Danese et al., 2007; Felitti et
al., 1998). Circulating levels of C-reactive protein (CRP) have been employed clinically as
an indicator of general inflammation and as a marker of cardiovascular disease risk status
(CVD; Pearson et al., 2003). A handful of studies focused on the assessment of CRP in
saliva, and the findings raise the intriguing possibility that saliva may afford a minimally
invasive alternative to blood sampling for monitoring CRP (e.g., Quellet-Morin et al., 2011).
Several significant gaps in knowledge remain, and in this study we attempt to fill that gap by
exploring the correlates and concomitants of salivary CRP in a high-risk sample of women
exposed to IPV.

Recent technical advances have made the assessment of a wide range of analytes in saliva
possible, creating new opportunities to study how biological and social processes interact
and influence health outcomes and human behavior. Compared to other biospecimens such
as urine or blood, the assessment of biomarkers in saliva has several advantages (Granger et
al., 2007; Granger et al., in press; Pfaffe et al., 2011): collecting oral fluids does not require
skilled professionals and special laboratory equipment, it is generally stress- and pain-free
and therefore less burdensome for participants/patients, and it allows for self- and home-
based collection. Several immune markers can be detected and reliably assessed in oral
fluids, including secretory immunoglobulin A (SIgA), cytokines (e.g., IL-6, IL-8, IL-1p,
TNF-a), and acute phase proteins such as CRP (Granger et al., in press; Pfaffe et al., 2011).

The degree to which levels of immune and inflammatory markers in oral fluids represent
systemic immune activity is a key issue. Levels of many immune-related analytes are
different in oral fluids than in serum/plasma, and serum-saliva correlations for cytokines and
other surrogate markers of inflammation are typically modest (Granger et al., 2006). The
assumption is that the immune system is highly compartmentalized and that local-mucosal
secretory and regulatory mechanisms (infiltrating neutrophils, macrophages), the status of
oral hygiene, injury to the mouth, and periodontal disease are major contributors to the
degree of inflammation in the mouth and levels of these analytes in oral fluids (Fernandez-
Botran et al., 2011; Minetto et al., 2005; Sjogren et al 2005).

By contrast, the literature suggests that CRP levels in oral fluids are strongly and positively
associated with levels in the circulation (e.g., Megson et al., 2010; Quellet-Morin et al.,
2011). CRP is primarily produced by the liver, and levels in circulation increase
dramatically in response to local and systemic inflammation (Black et al., 2004). Mildly
elevated CRP in the circulation is associated with chronic inflammation and a heightened
risk for CVD through its involvement in atherosclerosis (e.g., Melander et al., 2009; Ridker
et al., 1998; Wilson et al., 2008; for reviews see Bisoendial et al., 2010; Pearson et al.,
2003), whereas markedly high concentrations of CRP (> 10 mg/L) generally indicates acute
infections or inflammatory diseases (Dhingra et al., 2007). Although the molecule is too
large to pass from the circulation into the salivary glands by diffusion or ultrafiltration (see
Granger et al, in press), it is hypothesized to enter saliva, as do many larger serum
constituents, as a component of gingival crevicular fluid (GCF; Megson et al., 2010).

The few studies that have investigated the association between circulating and salivary CRP
levels have included healthy adults and have reported varying results. Kopanczyk and
colleagues (2010) and Dillon and colleagues (2010) found no significant association
between CRP in saliva and blood. In contrast, Quellet-Morin and colleagues (2011) reported
a moderate-to-strong association between saliva and serum CRP levels for a sample of 61
healthy adults, who were carefully screened for infectious, immune or salivary gland
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disorders. In addition, salivary CRP was associated with other correlates of inflammation
and synthesis of acute phase proteins (i.e., smoking, Body Mass Index (BMI), serum levels
of IL-6).

Two studies have been conducted focusing on saliva CRP in clinical samples. Floriano and
colleagues (2009, see also Miller et al., 2010) determined levels of salivary CRP in a sample
of 48 patients with existing acute myocardial infarction (AMI) and healthy controls. A
significant association between serum and saliva levels of CRP was observed. From more
than 20 salivary biomarkers, CRP displayed the best discriminating ability for distinguishing
between AMI patients and controls. Similarly, Punyadeera and colleagues (2011) reported a
strong association (r = .92) between serum and saliva levels of CRP in patients with pre-
existing cardiac conditions. The importance of systematic variation in participants’ health in
new efforts to validate the measurement of salivary CRP as an inflammatory marker was
also reflected in the study by Dillon and colleagues (2010). Although no significant
correlation was detected between serum and saliva CRP levels for the entire sample, for
individuals with very high blood CRP levels (> 10 mg/L) the correlation with serum CRP
increased dramatically.

We extend the literature investigating saliva CRP by employing a high risk sample including
women exposed to IPV, which is often viewed as an extreme and chronic stressor,
associated with many acute and chronic medical conditions (e.g., Campbell et al., 2002;
Ellsberg et al., 2008; Woods et al., 2008), including a heightened risk for CVD (e.qg., Scott-
Storey et al., 2009). Previous studies on adverse life experiences have demonstrated that a
history of IPV is associated with persistent elevation in inflammation levels, even after the
women left the abusive relationship (Fernandez-Botran et al., 2011; Newton et al., 2011).
The enduring activation of inflammatory processes can be explained by (a combination of)
factors, including the frequent and multiple injuries resulting from physical violence; the
post-traumatic stress, anxiety and depressive symptoms which develop in at least two thirds
of battered women (Golding, 1999; Jones et al., 2001); and the negative health behaviors
associated with IPV (Breiding et al., 2008). Furthermore, dysregulation of the endocrine and
autonomic nervous systems resulting from chronic stress can have substantial adverse
effects on the immune system (Chrousos, 1995; Glaser & Kiecolt-Glaser, 2005; Sorrels &
Sapolsky, 2007). For example, Danese and colleagues (2007) suggested that persistent
elevation of CRP levels in survivors of child abuse is due to the reduced ability of
glucocorticoid signaling to control the hypothalamic-pituitary-adrenal (HPA) axis response
to stress.

In the present study, we examine associations between salivary and plasma CRP, as well as
the capacity of salivary CRP to predict high versus low levels of plasma CRP using a
clinically relevant cutpoint used to assess CVD risk status (3 mg/L; Pearson et al., 2003).
We investigate whether saliva and plasma CRP were comparable in their associations with
other correlates of inflammation (BMI and smoking) and with physical and oral health. In
addition, we explore whether salivary CRP discriminates between the risk categories for
developing CVD, as stated by the American Heart Association (AHA) for serum levels of
CRP. Based on the Framingham Study (Dhingra et al., 2007), women with CRP
concentrations of 10 mg/L and higher were included as a separate category in these analyses
to explore the ability of salivary CRP to screen for acute infections and inflammatory
diseases. The current study employs a longitudinal design (three data collection waves
separated by a year) and the diurnal collection of saliva samples at each data collection time.
The multiple assessments of CRP in plasma and saliva provide a unique opportunity to
investigate diurnal variation in salivary CRP, concurrent and prospective associations
between saliva and plasma CRP, as well as their associations with BMI, smoking, physical
and oral health.
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Data for the current study come from a convenience sample of women seeking help from
three domestic violence crisis shelters and community agencies in a Midwestern State.
These women were recruited for participation in a larger 2-year longitudinal study involving
seven waves of data collection. Women 18 years of age or older, currently in an intimate
abusive relationship, and residing in either a shelter or help-seeking in the community were
eligible for the study. Women were excluded from participating if they had a known
autoimmune disease or cancer at study entry. One hundred, fifty-seven women met
eligibility criteria and agreed to participate. Signed informed consent was obtained.

The mean age of the women in this sample at study start was almost 34 years (SD = 9.5).
The baseline sample had a high percentage of both African-American (47%) and Caucasian
(46%) participants, and this ratio of ethnicity was consistent across waves. Seventy-seven
percent of the women in the sample had a high school education or higher, but the majority
had not completed college. The average annual income was between $10,000 and $15,000.
At study start, the women had been in an intimate abusive situation an average of 5.35 years
(SD = 6.69), with a range of one month to 34 years. The percentage of women who smoked
at each data collection wave varied between 63 and 71%.

The current study used data from three of the seven waves of data collection, namely,
baseline (Wave 1), one year (Wave 4) and two years (Wave 7). Retention rates were 132
women (84%) at one year after study entry and 128 (82%) at two years. Women who did not
participate in the study at wave 4 and 7 were significantly younger (¢’s < .03) and spent a
shorter period of time in an abusive relationship compared to those women who stayed in
the study (¢’s < .02). Participants received a monetary acknowledgement in appreciation for
their participation. The study was approved by the Institutional Review Board for the
Protection of Human Research Participants at a major Midwestern university.

At baseline, one-year and two-year data collection sessions, women completed
questionnaires and had blood drawn by an RN or licensed phlebotomist using universal
precautions. Wave 1 blood samples were drawn between the hours of 7:30 and 9:30 pm;
waves 4 and 7 blood samples were drawn between 6 and 7 pm. Each sterile blood tube was
immediately taken to the laboratory for processing. In some cases, tubes were not
completely filled due to technical or venous access issues, thus had insufficient volume for
tests.

After completing the questionnaire and having blood drawn, women were given specific
instructions on the passive drool method for saliva collection. Participants received
extensive verbal and written instructions that addressed times for sample collection, rinsing
the mouth out prior to sample collection, avoiding coughing or clearing the throat into the
collection tube, abstaining from eating, brushing teeth, using mouthwash, chewing gum or
smoking for the hour prior to saliva collection. Instructions also directed participants to
refrigerate the samples immediately after collection. Posters reminding women of collection
times and outlining the instructions for the sample collection, including refrigeration of the
samples, were posted throughout the shelter. At follow-up data collection times the protocol
related to saliva collection, including refrigeration of samples, was re-emphasized. For each
data collection wave, participants were asked to collect saliva at bedtime and upon
awakening the next morning. Samples were taken to the hospital laboratory later that day by
a member of the study team and frozen at —80°C.
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Demographic and general health descriptors—Women self-reported their age, race/
ethnicity, levels of education, annual income, and current smoking. Body mass index (BMI)
was calculated using self-report height; weight was obtained using the study scale.

Physical and oral health symptoms—Physical symptoms were assessed using a
modified version of the Pennebaker Inventory of Limbic Languidness (PILL) (Pennebaker,
1982; Pennebaker et al., 1977). The modified scale M-PILL assesses the frequency of 60
common physical symptoms and sensations, including physical health problems experienced
by abused women and gynecologic-related items (Woods et al., 2008). Participants rated the
frequency within the past 9 months with which they had experienced each symptom, on a
scale of 0 (not at all) to 5 (more than once a day). Two M-PILL items addressed oral health,
namely jaw pain and toothaches/dental pain, and the symptom severity for each of these
items was included in the analyses. For the remaining items, the total number of physical
symptoms women reported experiencing at least once a month for the past nine months was
calculated and used in the analyses as a general health symptom variable.

High sensitivity plasma CRP—BIlood for C-reactive protein was collected, centrifuged,
and aliquoted into four separate tubes per sample at each data collection wave. The aliquot
samples were stored in a minus 80° freezer until transported to Johns Hopkins University
(JHU) School of Nursing for analysis. All samples at each wave were run in duplicate in a
single batch. Quantification of CRP was determined using the steps outlined in the
commercial enzyme immunoassay kit by R & D Systems, Minneapolis, MN. The plasma
CRP guantification had a ceiling value of 12.55 mg/L.

High sensitivity salivary CRP—AII samples were assayed for CRP using a
commercially available immunoassay without modification to the manufacturer's
recommended protocol. The test volume was 15 uL, with a range of standards from 93.75 to
3000 pg/mL, and the assay had a lower limit of sensitivity of 10 pg/mL. Samples were
thawed to room temperature, centrifuged at 3000 rpm for 15 mins to remove mucins, and
diluted 1:10 prior to assay. All samples were assayed in duplicate, and the average of the
duplicates was used in the statistical analyses. Intra- and inter-assay coefficients of variation
were less than 10% and 15% respectively.

Analytic approach

Differences between morning and evening salivary CRP values were examined separately
for each wave. Next, we investigated the associations of salivary and plasma CRP with
measures of general physical health symptoms and oral health symptoms, as well as with
BMI and smoking. We also examined the stability of CRP levels over a period of two years.

Then, the concurrent and across-wave associations between plasma and salivary CRP were
investigated in a number of different ways. Correlations between continuous measures of
CRP were calculated. For each wave, analyses of covariance (ANCOVA) were conducted to
test whether salivary CRP levels differed significantly between the three risk categories for
CVD, based on serum levels of CRP as developed by the AHA and including a fourth
category based on the Framingham Study (Dhingra et al., 2007).

Furthermore, we conducted sequential logistic regression analyses to predict high versus low
levels of plasma CRP based on a clinically relevant cutoff of 3 mg/L (Pearson et al., 2003).
Physical health, BMI and smoking were entered into the model as predictors in the first step.
To prevent overfitting the logistic regression model, which occurs when too many predictors
are included given the size of the groups, we included the two items on oral health in the
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general health variable, describing the total number of symptoms women reported
experiencing at least once a month. Thus, each logistic regression includes four predictors.
Salivary CRP was entered in the second step to test whether it significantly improved the
prediction of high plasma CRP over and above the health-related variables. The significance
of each model (step) was evaluated by calculating the difference in -2 log likelihood
between the models, which is distributed as X2 with the difference in the number of
parameters between the models as the degrees of freedom. The contribution of each
individual predictor to the model was tested by the Wald test, and by calculating odds ratios.

Finally, the capacity of salivary CRP to predict high versus low plasma CRP was further
evaluated using Receiver Operating Characteristic (ROC) curve analysis. The ROC curve is
generated by plotting the probability of detecting true positives (sensitivity) and false
positives (1 — specificity) for an entire range of cutoff points. The area under the ROC curve
is a measure of the model’s ability to discriminate between individuals with high and low
plasma CRP; acceptable discrimination is indicated when the area under the curve is at

least .70 (Hosmer & Lemeshow, 2000). The cutoff point that optimizes the sensitivity/
specificity ratio was selected using Youden’s Jstatistic (Youden, 1950). Apart from
calculating the probability that individuals with high and low plasma CRP levels were
classified correctly (sensitivity and specificity), we also examined classification accuracy
from the perspective of low versus high sal/ivary CRP (i.e., the probability that individuals
with salivary CRP levels below or above the cutoff point were correctly classified as having
low or high plasma CRP). The ROC curve analyses were conducted using salivary CRP as a
predictor of plasma CRP, and then were repeated using the probabilities for high levels of
plasma CRP calculated by the full logistic regression model, in order to test whether the
inclusion of health variables in the prediction improved classification accuracy.

Diurnal variation in salivary CRP

Descriptive statistics for plasma and salivary levels of CRP are displayed in Table 1.
Morning levels of salivary CRP could not be assessed for the majority of the sample at wave
7 due to insufficient specimen volume (samples were first tested for two other analytes). A
log transformation was applied to correct for the skewed distribution, and outlying values
were winsorized (i.e., replaced with the next highest value of the remaining distribution;
Tabachnik & Fidell, 2001). Differences in morning and evening levels of salivary CRP were
tested for each wave separately. For wave 1, morning levels of CRP were significantly
higher than evening CRP levels, ¢(95) = 5.42, p< .01. For waves 4 and 7, however, there
were no significant differences between morning and evening levels, £(118) = -1.59, p=.12
and £(13) = 1.14, p= .28, respectively (note however that for wave 7, only 14 individuals
had both morning and evening CRP values). For all waves, morning and evening levels of
saliva CRP were strongly and positively correlated: (a) wave 1, r(94) = .74, p< .01; (b)
wave 4, r(117) = .84, p<.01; and (c) wave 7, r(12) = .94, p< .01. Therefore,
(untransformed) morning and evening levels of saliva CRP were averaged for each wave
separately, after which a log transformation was applied and outlying values were
winsorized. When one of the two measures for a wave was missing, the remaining
assessment of salivary CRP was used to represent the average level at the respective wave.
Median levels of CRP in plasma were between 1257 (wave 1) to 2097 (wave 4) times higher
than were levels of CRP in saliva.

Associations of salivary and plasma CRP levels with health, BMI, and smoking

No saliva or plasma CRP measure was significantly associated with general physical health
symptoms at any of the measurement waves (Table 2). For wave 7, higher levels of salivary
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CRP were significantly associated with greater jaw pain (r[117] = .19, p=.04) and
toothache/dental pain (r[117] = .21, p=.03). Furthermore, a higher BMI was associated
with higher levels of saliva CRP (7’s between .17 and .26, p’s < .06) and also with higher
levels of plasma CRP (/s between .35 and .46, p’s < .01) at the same time of assessment. In
addition, some of the salivary and all of the plasma CRP measures were associated with
BMI values from different measurement waves. Finally, for each wave, there was no
significant difference in salivary levels of CRP between individuals who did or did not
smoke (p’s > .14). This was also the case for plasma CRP: there were no significant
differences between smokers and non-smokers at each data collection wave (p’s > .61).

Stability of salivary CRP and associations with plasma CRP

As displayed in Table 3, salivary CRP levels were moderately stable across time, as
demonstrated by 7’s ranging between .46 and .61 (p’s < .01). A repeated measures ANOVA
with saliva CRP as the within subjects factor revealed a significant main effect of time (F[2,
156] = 6.41, p<.01). Contrasts indicated that mean levels of salivary CRP were
significantly lower at wave 7 compared to wave 4 (F[1, 78] = 7.12, p=.01) and wave 1 (F
[1,78] = 10.86, p < .01]. There were no significant differences in salivary CRP between
wave 1 and 4 (F[1,78] = 1.08, p=.30). Note however, that the majority of wave 7
respondents’ means were based on an evening sample only, compared to wave 4 and 1.

Similarly, moderate to high stability was observed for plasma CRP (7’s between .53 and .70,
p’s <.01, see Table 3). A repeated measures ANOVA with the three assessments of plasma
CRP as the within subjects factor indicated a significant main effect of time (~[1.84,
128.71] = 3.38, p=.04). Plasma CRP at wave 4 was significantly higher compared to wave
1 (F[1,70] = 4.46, p=.04) and wave 7 (F[1, 70] = 6.32, p=.01). No significant
differences were observed in plasma CRP between wave 1 and 7 (F[1, 70] = 0.04, p=.84).

At each wave, the associations between salivary and plasma CRP levels were significant,
ranging from r(120) = .38, p< .01 for wave 4 to r(107) = .53, p< .01 for wave 1 (Table 3).
The remaining cross-wave associations between saliva and plasma CRP levels were all
significant, with correlation coefficients ranging between r(107) = .20, p= .04 and r(71) =.
39, p<.01.1

Predicting American Heart Association (AHA) risk categories for CRP

Analyses of Covariance (ANCOVA) were conducted to examine whether mean salivary
CRP significantly differed between the four risk categories for developing CVD, controlling
for smoking, BMI, physical health, and jaw and dental pain (see Figure 1 and Table 4). For
each wave, the full ANCOVA model was statistically significant for wave 1, ~(8,96) =
5.93, p< .01, for wave 4, F(8, 108) = 3.27, p< .01; and for wave 7, F (8, 84) = 4.69, p<.
01. After controlling for smoking, physical and oral health, adjusted mean levels of salivary
CRP differed significantly across the four categories (¢'s < .01).

Contrasts indicated some parallels between salivary CRP levels and plasma CRP as
categorized according to the risk categories. There were no significant differences between
low (< 1 mg/L) and average (1-3 mg/L) risk categories (p’s > .15). For wave 1 and 7,
salivary CRP was significantly higher for women in the high risk (3—10 mg/L) category
compared to women in the low risk category (0’s < .01). For all waves, levels of salivary
CRP were higher for women with plasma levels of 10 mg/L or higher compared to women

lFoIIow-up partial correlation analyses indicated that all of their values remained similar to the zero-order correlations reported in
Table 3, after controlling for smoking, physical symptoms, jaw and toothaches/dental pain and BMI. Specifically, the mean difference
in correlations was .05, range .00-.12; only the association between saliva CRP at wave 7 and plasma CRP at wave 4 was no longer

significant.
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in the low risk category (¢’s < .01). Significant differences in salivary CRP between the
average and high risk categories were found only for wave 1 (p < .01). Finally, women with
the highest levels of plasma CRP had also higher salivary CRP compared to women in the
average risk category (for all waves, p’s <.01) and compared to women in the high risk
category (for wave 1 and 4, p’'s < .03, for wave 7, p=.12).

Predicting high levels of plasma CRP by salivary CRP: logistic regressions

For each wave, a sequential logistic regression analysis was performed to predict high
versus low levels of plasma CRP based on the threshold of 3 mg/L. Table 5 shows the
regression coefficients, Wald statistics and the odds ratios for each of the predictors. Results
from the ROC analyses, including sensitivity and specificity, can be found in Table 6.

For wave 1, data from 105 women were available for analysis, and for 43 women of this
group, plasma CRP levels were higher than 3 mg/L. Compared to a constant-only model, the
model with physical health, BMI and smoking (step 1) was statistically significant, X2 (3) =
14.65, p< .01. According to the Wald criterion, only BMI and none of the other health
variables significantly predicted high plasma CRP, X2 (1) = 10.63, p < .01. The addition of
salivary CRP in the second step significantly improved the prediction of plasma CRP, X2 (1)
=25.17, p< .01, indicating that salivary CRP reliably distinguished between high and low
levels of plasma CRP over and above the health variables, Wald’s X2 (1) = 19.12, p< .01,
odds ratio 2.37.

The logistic regression analysis for wave 4 was based on 117 participants, including 58
women with high levels of plasma CRP. More physical health symptoms and a higher BMI
(0's < .02) were significantly associated with high levels of plasma CRP. After controlling
for health, higher levels of salivary CRP significantly predicted high plasma CRP (p < .01).
For wave 7, the logistic regression analysis included 93 participants, and of this group 34
individuals had high levels of plasma CRP. BMI predicted high plasma CRP (p < .01) and
salivary CRP significantly contributed to the prediction of high plasma CRP after
controlling for health (p < .01).

Predicting high levels of plasma CRP by salivary CRP: ROC curve analyses

Table 6 presents the results of the ROC curve analyses for each wave. Based on salivary
CRP alone, the area under the curve (AUC) ranged between .71 (wave 4) and .80 (wave 1)
(p’s < .01), which is considered acceptable to excellent discrimination between low and high
plasma CRP. Between 68 and 80% of the women with high plasma CRP were correctly
classified (sensitivity), whereas 75-79% of the participants with low plasma CRP were
correctly classified (specificity). Of the women with salivary CRP levels below the cutoff
point, 71-85% were correctly identified as having low plasma CRP, whereas 66—71% of the
participants with higher levels of salivary CRP were correctly placed in the high plasma
CRP group.

When ROC analyses were conducted with the predicted probabilities based on the full
logistic regression model (including health variables), the AUC ranged between .77 and .85
(0's < .01) with a sensitivity of 71-93% and specificity of 59-76%. In addition, 81-93% of
the women with low salivary CRP were correctly identified as having low plasma CRP, and
63-68% of the women with high salivary CRP levels were correctly classified as having
high plasma CRP.

Discussion

In a prospective longitudinal study of high risk women, we observed moderate associations
between CRP measured in saliva and plasma and significant associations of both saliva and
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plasma CRP with BMI (but not smoking) within each wave of assessment. Salivary CRP
reliably distinguished between individuals with high and low plasma levels of CRP, even
after controlling for general and oral health. ROC analyses showed that the classification
accuracy was adequate, especially for lower levels of salivary CRP. In addition, saliva CRP
discriminated significantly between the risk categories for CVD based on plasma CRP.
Finally, results indicate that plasma and saliva CRP were moderately stable across a period
of two years, and there was some evidence for diurnal variation in saliva CRP, with a
consistent, although not always significant, pattern of higher morning values than evening
values.

The high-risk nature of the sample was reflected in the high plasma CRP levels at each
assessment, with 37 to 49% of these relatively young women having concentrations higher
than the clinically relevant cutpoint of 3 mg/L. This is consistent with previous studies
demonstrating that chronic stress such as IPV or childhood maltreatment is associated with
immune function alterations, including elevation of serum CRP levels (Danese et al., 2007;
Fernandez-Botran et al., 2011) and higher leukocytes and lymphocyte cell counts (Woods et
al., 2005).

The longitudinal design of the current study with saliva collected in the morning and
evening for each data collection wave allowed us to investigate more basic characteristics of
salivary CRP. There was statistically significant diurnal variation in salivary CRP levels for
one of the three data collection waves, with higher morning values than evening values (note
however that the significance test for wave 7 had low statistical power). This result
suggesting a possible diurnal difference in salivary CRP concentrations is consistent with
two previous studies on serum CRP (Koc et al., 2010; Rudnicka et al., 2007; but see also
Meier-Ewert et al., 2001), and calls for more research with multiple samples collected
within and across days in populations with expected high and low CRP levels.

To the best of our knowledge this is the first study showing that individual differences in
saliva CRP are moderately stable over a long period of time, with correlation coefficients
similar to plasma CRP. Although the stability in CRP as assessed in the two biospecimens
may reflect a stable trait component, the chronic nature of IPV, with approximately half of
the women remaining in an abusive relationship over a long period of time, may also
account for the stability in CRP concentrations. An additional explanation has been
suggested by Fernandez-Botran and colleagues (2011), who stated that elevated CRP levels
are more likely to be the result of a chronic, cumulative effect, in contrast to plasma IL-6
which is more susceptible to change in response to physiological and psychosocial stimuli.

Several results from the current study support the potential use of salivary CRP as an
indicator for systemic levels of inflammation. For each data collection wave, we observed a
moderate association between CRP as assessed in plasma and saliva, and it is noteworthy
that the saliva-plasma CRP concentrations were significantly correlated even when the
measures were taken two years apart. Further, the associations with smoking and BMI were
similar for saliva and plasma CRP: women who smoked did not have higher CRP
concentrations in either saliva or plasma than women who did smoke, but higher BMI values
were consistently associated with higher salivary and plasma CRP. Finally, salivary CRP
significantly discriminated between low and high plasma CRP after controlling for physical
and oral health symptoms, with sensitivity ranging between 71 and 93%, and specificity
between 59 and 76%.

Overall, results indicated that discrimination between low and high plasma CRP was

especially accurate for low levels of salivary CRP. For example, for wave 1, 93% of the
women with low salivary CRP were correctly classified as having low plasma CRP,
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compared to 67% of the women with high salivary CRP who were correctly identified as
having high plasma CRP. Thus, the noninvasive assessment of salivary CRP as an
alternative marker for inflammation may prove to be especially valuable in terms of
screening: whereas low salivary CRP levels are likely to reflect low plasma CRP
concentrations, elevated CRP levels in saliva warrants further risk assessment including a
venipuncture to measure serum CRP. The less accurate prediction of plasma CRP in the case
of high salivary CRP concentrations may be due to insufficient control for local
inflammatory processes, oral hygiene and diseases. Megson and colleagues (2010) have
demonstrated that CRP in the GCF is likely to be of systemic origin, and as such could be
indicative of systemic inflammation (see also Pradeep et al., 2010). Since whole saliva
contains secretions from the salivary glands as well as from GCF, this would account for the
significant associations between plasma and saliva CRP levels. However, as for some of the
cytokines found in oral fluids, the question of local production of CRP in the oral cavity
must be considered. Indeed, although CRP is primarily synthesized in the liver, two studies
showed increased CRP mRNA expression in the submandibular glands of rats with
inflammation, which was preceded by a transient increase in the level of mMRNAs for the
cytokines IL-1B, IL-6 and TNF-a (Wei et al., 2001; Yao et al., 2005).

Thus, although higher levels of CRP in whole saliva appear to have a systemic origin, poor
oral hygiene and local inflammation processes may also be an important contributor,
explaining the lower classification accuracy in the case of high salivary CRP. Future studies
on salivary CRP as an inflammatory marker should include a more detailed oral health
assessment. In the current study, the measurement of physical and oral health focused on the
frequency of occurrence of specific symptoms over the previous nine months. Two items
were included regarding jaw and dental pain, which were taken from a larger questionnaire
on physical health, and which are not a complete and validated measure of oral health status.
Future studies should incorporate more questions directly related to periodontal disease
(associated with increased levels of CRP in GCF and serum, e.g., Megson et al., 2010;
Noack et al., 2001), as well as more objective measures of oral health. Detailed and
validated health measures at the time of sampling would provide more information on the
association between saliva and plasma CRP in individuals with varying health-related
problems, and may improve the classification accuracy for individuals with high salivary
CRP.

Concluding, our study focusing on a high-risk sample of women exposed to IPV provides
further support for the validity of salivary CRP as an alternative marker of inflammation and
a potential risk index for CVD. When combined with a comprehensive evaluation of oral
health, salivary CRP has the potential to be used within a broad spectrum of applications
where it may assist in screening programs, the diagnosis of CVD and in monitoring overall
health, disease status and treatment response (Pfaffe et al., 2011). Indeed, results from the
current study suggest that salivary CRP discriminates between the risk categories for CVD
developed by the AHA (Pearson et al., 2003). Although not all of the contrasts were
significant, results are consistent with those reported by Floriano and colleagues (2009) who
demonstrated that salivary CRP was among the salivary biomarkers that reliably
distinguished between patients with existing acute myocardial infarction and controls (see
also Punyadeera et al., 2011). Because saliva sampling is minimally invasive, does not
require specialized laboratory equipment and trained personnel, and can be performed in
community- and home-based settings, measurement of salivary CRP can also be included in
large-scale epidemiological studies. Further replication of the results of the current study in
samples with systematic variation in physical and oral health is needed, as well as more
basic research on the origin of CRP in whole saliva and on possible diurnal variation.
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Research highlight

This study provides support for the validity of salivary CRP as a minimally invasive
marker of systemic inflammation and points to its potential use as a screening tool.
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Figure 1.

Salivary CRP levels (M, SE) for American Heart Association (AHA) risk categories for
developing cardiovascular diseases, based on serum CRP.

Norte. CRP <1 mg/L = low risk; CRP 1-3 mg/L = average risk; CRP 3-10 mg/L = high risk
(Pearson et al., 2003). The fourth category, CRP > 10 mg/L, may indicate acute
inflammation and was based on the Framingham Study (Dhingra et al., 2007).
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Table 1

Descriptive statistics for health symptoms, BMI, plasma and saliva CRP at each wave

N Mean Median SD

Wave 1

Physical health symptoms 157 18.86 18.00 12.87
Jaw pain 157 0.79 0.00 1.55
Toothache/dental pain 157 1.38 0.00 1.85
Body Mass Index 152 29.37 28.26 7.31
Saliva CRP morning (pg/ml) 104 7791.43 2419.07 10539.52
Saliva CRP evening (pg/ml) 101  4920.06 1093.12  8287.94
Mean saliva CRP (pg/ml) 109 6311.88 1893.70 8847.14
Plasma CRP (mg/L) 114 3.96 2.38 4.08
Wave 4

Physical health symptoms 132 11.92 9.00 10.81
Jaw pain 132 0.41 0.00 1.09
Toothache/dental pain 132 0.83 0.00 1.50
Body Mass Index 127  29.85 29.01 7.38
Saliva CRP morning (pg/ml) 128 5664.24 1599.66  9356.68
Saliva CRP evening (pg/ml) 123  4627.82 1228.09  8027.18
Mean saliva CRP (pg/ml) 132 5096.35 1378.02  8190.34
Plasma CRP (mg/L) 123 4.35 2.89 4,01
Wave 7

Physical health symptoms 128 11.54 9.00 10.58
Jaw pain 128 0.40 0.00 1.09
Toothache/dental pain 128 0.75 0.00 1.47
Body Mass Index 126 29.97 28.71 7.67
Saliva CRP morning (pg/ml) 14 4277.60 3213.08 5177.95
Saliva CRP evening (pg/ml) 119 2663.95 1047.86  4009.67
Mean saliva CRP (pg/ml) 119 2661.83 1044.38  3989.85
Plasma CRP (mg/L) 103 3.54 1.61 3.81
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Table 4
ANCOVA Tests of differences in salivary CRP for AHA risk categories based on plasma CRP

n (%) M (SE)@ F Contrasts

Wave 1 5.93°% 1=2,1<3,1<4
1. CRP < 1 mg/L 31(30) 6.96 (0.24) 2<3,2<4,3<4
2.CRP1-3mg/L  31(30) 7.41(0.23)
3.CRP3-10mg/  26(25) 8.33(0.26)
4.CRP>10mg/L 17 (16) 9.27(0.31)

Wave 4 3907%% 1=2,1=3,1<4
1. CRP < 1 mg/L 21(18) 6.89 (0.31) 2=3,2<4,3<4
2.CRP1-3mg/L  38(32) 7.14(0.23)
3.CRP3-10mg/L 39(33) 7.53(0.22)

4. CRP > 10 mg/L 19 (16) 8.56 (0.32)

Wave 7 460" 1=2,1<3,1<4
1. CRP < 1 mg/L 29 (31) 6.52(0.21) 2=3,2<4,3=4
2.CRP1-3mg/L  30(32) 6.94(0.19)
3.CRP3-10mg/L 22 (24) 7.48(0.23)
4.CRP>10mg/L 12 (13) 8.08(0.31)

Note. AHA category 1 = low risk; category 2 = average risk; category 3 = high risk (Pearson et al., 2003). The fourth category was based on the
Framingham Study (Dhingra et al., 2007), and may indicate acute inflammation. Salivary CRP values were log-transformed.

aAdj usted mean levels of salivary CRP.

*ok
p<.01
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