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Abstract

Serum procalcitonin (ProCT) is elevated in response to bacterial infections, whereas high 

sensitivity C-reactive protein (hsCRP) is a nonspecific inflammatory marker that is increased by 

excess adipose tissue. We examined the efficacy of ProCT and hsCRP as biomarkers of 

periodontitis in the saliva and serum of patients with arthritis, which is characterized by variable 

levels of systemic inflammation that potentially can confound the interpretation of inflammatory 

biomarkers. Blood and unstimulated whole saliva were collected from 33 patients with rheumatoid 

arthritis (RA) and 50 with osteoarthritis (OA). Periodontal status was assessed by full mouth 

examination and patients were categorized as having no/mild, moderate or severe periodontitis by 

standard parameters. Salivary and serum ProCT and hsCRP concentrations were compared. BMI, 

diabetes, anti-inflammatory medications and smoking status were ascertained from the patient 

records. Differences between OA and RA in proportionate numbers of patients were compared for 

race, gender, diabetes, adiposity and smoking status. Serum ProCT was significantly higher in 

arthritis patients with moderate to severe and severe periodontitis compared with no/mild 
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periodontitis patients. There were no significant differences in salivary ProCT or salivary or serum 

hsCRP in RA patients related to periodontitis category. Most of the OA and RA patients were 

middle aged or older, 28.9% were diabetic, 78.3% were overweight or obese, and slightly more 

than half were either current or past smokers. The OA and RA groups differed by race, but not 

gender; blacks and males were predominant in both groups. The OA and RA groups did not differ 

in terms of controlled or uncontrolled diabetes, smoking status or BMI. The RA patients had been 

prescribed more anti-inflammatory medication than the OA patients. Our results demonstrate that 

circulating ProCT is a more discriminative biomarker for periodontitis than serum hsCRP in 

patients with underlying arthritis. Any elevation in salivary and serum hsCRP due to periodontitis 

apparently was overshadowed by differences among these patients in factors that influence CRP, 

such as the extent of inflammation between RA and OA, the extent of adipose tissue, the use of 

anti-inflammatory medications and smoking status. Although our study showed no differences in 

salivary ProCT related to severity of periodontitis, this biomarker also may be useful with further 

refinement.
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Periodontitis is a consequence of bacterial infection of the periodontium. Chronic, long-term 

periodontitis can result in mobility and loss of teeth. In a recent survey of adults in the 

United States (Eke et al. 2012a), 47% had periodontitis; 8.7% were mild cases, 30% 

moderate and 8.5% severe. The proportion with moderate or severe periodontitis was 64% in 

those 65 years and older. Males, blacks and Hispanics were affected disproportionately.

Moderate to severe periodontitis is a significant independent risk factor for coronary heart 

disease (Humphrey et al. 2008, D’Aiuto et al. 2013, Sharma et al. 2014), cerebrovascular 

disease (Jimenez et al. 2009) and earlier mortality from all causes (Garcia et al. 1998). In 

moderate to severe periodontitis, the non-keratinized epithelium of the gingival sulcus is 

damaged, which allows bacteria, their metabolic products and proteolytic enzymes released 

into the sulcus by leukocytes to enter the circulation in significant amounts. The transient 

bacteremia may last as long as 10–20 min after chewing or tooth brushing (Forner et al. 

2006). Release of these substances and bacteria into the circulation evokes production of 

systemic inflammatory markers, some of which are biomarkers of cardiovascular disease 

(CVD). Treatment of moderate to severe periodontitis has been shown to lower the serum 

levels of these biomarkers of CVD (Payne et al. 2011, Caúla et al. 2014, Kumari et al. 

2014), but evidence that such treatment improves CVD outcomes is weak (D'Aiuto et al. 

2013).

Procalcitonin (ProCT) is produced by the thyroid gland and neuroendocrine cells of the 

lungs, where it is cleaved enzymatically to be secreted as calcitonin (Becker et al. 2004). 

Uncleaved ProCT is secreted by the thyroid in response to significant local and systemic 

bacterial infection. Many other tissues also produce ProCt in response to bacterial infection, 

but cannot cleave it and so secrete only ProCT (Müller et al. 2001). The increased serum 

ProCT stimulated by bacterial infection is at least an order of magnitude more than that 
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evoked by inflammation of nonbacterial causes, including viral infection (Müller et al. 2001, 

Becker et al. 2004, 2008, 2010). Although C-reactive protein (CRP) reacts with the “C-

fraction,” a polysaccharide derived from a strain of pneumococcus (Tillett and Francis 

1930), it is produced in response to both bacterial infection and nonbacterial inflammation 

(Becker et al. 2008, 2010, Berbari et al. 2010), and by adipose tissue in the absence of 

inflammation (Brooks et al. 2010). Such non-bacterial sources of stimulation affect serum 

ProCT much less if at all (Becker et al. 2008, 2010, Sato et al. 2012, Wu et al. 2012). When 

the causative bacterial infection is controlled by antibiotics, serum ProCT returns to its 

normal range up to ten days sooner than serum CRP does (Becker et al. 2010). Accordingly, 

serum ProCT has been used to guide decisions concerning when to begin and end antibiotic 

therapy in adult intensive care unit patients (Soni et al. 2013) and in patients with respiratory 

tract infections (Soni et al. 2013, Müller et al. 2010). In addition, serum CRP is elevated not 

only in patients with rheumatoid arthritis (RA) (Wu et al. 2012), which has an inflammatory 

etiology, but also in patients with osteoarthritis (OA) (Chen et al. 2008, Stannus et al. 2013), 

which typically has a non-inflammatory etiology.

Moderate to severe periodontitis has been linked to increased serum levels of either CRP 

(Christodoulides et al. 2007, Giannopoulou et al. 2012, Nakajima et al. 2010, Zhang et al. 

2013, Bokhari et al. 2014, Caúla et al. 2014, Kumari et al. 2014, Arregoces et al. 2014, Leite 

et al. 2014, Kalburgi et al. 2014, Sharma et al. 2014), or ProCT (Bassim et al. 2008, 

Giannopoulou et al. 2012), which are two acute-phase inflammatory markers. Salivary CRP 

(Pederson et al. 1995, Christodoulides et al. 2007, Ouellet-Morin et al. 2011, Foley et al. 

2012) and ProCT (Bassim et al. 2008) levels also have been shown to be higher in patients 

with moderate to severe periodontitis than in patients with an essentially healthy 

periodontium. Most studies of the association of periodontitis with increased serum or 

salivary ProCt and CRP have involved healthy, relatively young subjects. Further, Zhang et 

al. (2013) and Sharma et al. (2014) demonstrated that the mean body mass index (BMI) for 

patients with or without periodontitis was well below the threshold for being overweight.

The literature suggests that salivary and/or serum ProCT might be a better index of 

periodontitis than salivary or serum CRP in patients with systemic inflammatory conditions 

or who are older and tend to be overweight. Therefore, we investigated the association of 

salivary and serum levels of CRP and ProCT with moderate to severe periodontitis in OA 

and RA patients. Our hypothesis was that salivary and/or serum ProCT might be a more 

specific and, therefore, a better index of the extent or severity of periodontitis than salivary 

or serum CRP in patients with OA or RA.

Material and methods

Study population

We conducted a single site sub-study as part of a larger multicenter investigation (the parent 

study) to determine the relationship of periodontitis to RA (Mikuls et al. 2014). Most of the 

patients recruited from the Rheumatology Clinic of the Washington, DC, Department of 

Veterans Affairs Medical Center (DCVAMC) for the parent study participated in our sub-

study as well. The design and informed consent forms for both the parent study and the sub-
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study were approved by the DCVAMC Human Subjects Subcommittee (IRB) and Research 

and Development Committee.

All patients with RA satisfied the 1987 American College of Rheumatology classification 

criteria (Arnett et al. 1988). Controls were patients with OA (physician and radiologic 

diagnosis). Patients with conditions for which prophylactic antibiotic treatment was 

indicated, e.g., history of bacterial endocarditis, were excluded. Patients with overt acute 

infection, e.g., upper respiratory tract, were not enrolled until at least 14 days after the 

infection had subsided. Patients with fewer than nine natural posterior teeth, not including 

third molars, were excluded.

Periodontal evaluation

The examiner (RSR) was trained for the procedures used to assess standard periodontitis 

characteristics (Mikuls et al. 2014) by the parent study periodontist (JBP). The prevalence 

and extent of periodontitis were evaluated in each patient by the following characteristics at 

six sites for each tooth: the presence or absence of bleeding with probing, the presence or 

absence of supragingival plaque, gingival recession relative to the cemento-enamel junction 

and periodontal probing depth.

For our sub-study, we categorized periodontal status as no periodontitis, mild periodontitis, 

moderate periodontitis and severe periodontitis based on the Center for Disease Control-

American Academy of Periodontology (CDC-AAP) criteria (Eke et al. 2012b). We used 

these criteria for comparisons of biomarker concentrations across periodontitis severity 

categories. The severe periodontitis category using CDC-AAP criteria approximated the 

protocol definition of periodontitis that was used in the parent study (Mikuls et al. 2014).

We considered it likely that patients in the Rheumatology Clinic would have confounding 

factors for the assessment of periodontitis, hsCRP and ProCT. Therefore, we ascertained by 

review of medical records smoking habit, adiposity as estimated by BMI according to the 

2015 website of the Centers for Disease Control, diabetes mellitus status, and the number of 

anti-inflammatory drugs prescribed at the time of enrollment. Smoking status categories 

were: never, current and past (last smoke 12 months or more ago). We considered diabetes 

to be inadequately controlled if the serum HgbA1c was consistently higher than 7.5% on the 

day of the periodontal examination and/or the preceding and following 15 days. We 

recorded the drugs by type: corticosteroids (e.g., dexamethasone, prednisone), nonsteroidal 

anti-inflammatory drugs (NSAIDS, e.g., ibuprofen, naproxen, aspirin), and disease-

modifying anti-rheumatic drugs (DMARDs, e.g., methotrexate, adalimumab). Therefore, it 

was possible for the patients to have prescriptions for up to four types of anti-inflammatory 

drugs.

Sample collection and assays

Serum was collected from each patient on the day the study began, frozen in 1.5 ml aliquots 

and stored at −80° C. Unstimulated whole saliva was collected the same day using the 

method of Bassim et al. (2008). Both salivary and serum samples were collected between 10 

AM and 12:30 PM; the patients had little or no opportunity to eat or to drink anything but 

water during the preceding 3–4 h. This arrangement minimized the effects of circadian 
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rhythms on both serum hormone composition (Katz et al. 1975) and recent stimulation and 

unstimulated salivary flow rate and composition (Dawes and Ong 1973). The patient rinsed 

her/his mouth with tap water and expectorated into a disposable beaker. After waiting 1 min 

for saliva to begin to collect, the patient then at intervals of 30 to 60 sec expectorated into a 

50 ml disposable centrifuge tube containing one drop of Tween 20® (Fisher Scientific, 

Fairlawn, NJ.) until 5 ml had been collected. The contents of the tube were swirled rapidly 

for 5 sec on a Vortex mixer (Fisher Scientific, Fairlawn, NJ), then centrifuged at 220 × g for 

5 min to remove food particles, mucosal cells and other debris. The supernatant was drawn 

off, divided into 1.6 ml aliquots and stored at −80° C. Each aliquot of serum or saliva was 

thawed immediately before assay. Care was taken to assay samples for salivary and serum 

ProCT from a given patient at the same time.

Serum and salivary ProCT were assayed in triplicate using the Kryptor® method (Steinbach 

et al. 2004) in the DCVAMC Endocrinology Laboratory. This method uses an antibody that 

is specific to the ProCt whole molecule and with the aminopeptide, but not the CC-P1 

peptide, removed; the assay has a sensitivity of 0.0020 ng/ml (Becker et al. 2008). Salivary 

high sensitivity CRP (hsCRP) was assayed using an EIA (Salivary CRP ELISA kit; 

Salimetrics, Inc., State College, PA) in the DCVAMC Laboratory. Serum hsCRP was 

performed by nephelometry as part of the parent study. Data are expressed as ng/ml.

Data analysis

For each biomarker, two pair-wise comparisons were made based on periodontitis status: 

severe and moderate/severe vs. no/mild disease. To optimize study power and because 

comparisons based on arthritis status (RA vs. OA) showed no significant difference for any 

of the biomarkers examined (data not shown), arthritis groups were combined for 

subsequent analyses. Statistical analysis was performed using the non-parametric Wilcoxon 

rank sum test or the Chi Squared test. Differences were considered significant at p ≤ 0.05.

Results

Demographics

Of the 83 patients, 27 exhibited severe periodontitis, 44 exhibited moderate periodontitis, 

none exhibited mild periodontitis and 12 exhibited no periodontitis.

The age, race and gender distribution of our sub-study patients overall and by the arthritis 

group are given in Table 1. The OA and RA groups differed by race, but not by age or 

gender. Blacks (African Americans) and males were predominant in both groups, and most 

of the patients were middle aged or older. The distributions of diabetes and adiposity among 

the patients are shown in Table 2. Overall, 28.9% of the study patients had a diagnosis of 

diabetes and 78.3% were either overweight or obese. The OA and RA groups did not differ 

by number of patients with diabetes, controlled vs. uncontrolled diabetes, or BMI category.

The types of anti-inflammatory medications prescribed and the smoking status of the 

patients are shown in Table 3. The RA patients were prescribed far more anti-inflammatory 

medications than the OA patients. The OA and RA groups did not differ by smoking status.
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Assay results

The serum ProCT level was significantly higher in the moderate/severe group (p = 0.036) 

and in patients with severe periodontitis (p = 0.048) compared to the No/Mild group (Fig. 

1A). We found no significant differences in salivary ProCT (Fig. 1B) or serum (Fig. 1C) or 

salivary hsCRP levels (Fig. 1D) among patients in any of the periodontitis categories. The 

mean serum ProCT level was significantly higher in the patients with diabetes (0.0835 ± 

0.0425) than in the nondiabetic patients (0.0586 ± 0.0425, p = 0.007), but the salivary ProCt 

level was not (0.0407 ± 0.0246 vs. 0.0389 ± 0.0269, p = 0.527).

Discussion

That most of the patients had moderate to severe periodontitis is not surprising, because 

prevalence of periodontitis has been shown to increase with age (Eke et al. 2012a) and to be 

more prevalent in patients with RA (Dissick et al. 2010, Mikuls et al. 2014).

Our findings differed from those of Bassim et al. (2008). We found that the salivary ProCT 

level was neither higher than the serum ProCT nor were there significant differences in 

salivary ProCT based on periodontitis severity. Plausible causes for this difference include 

differences in the ProCT assays (ELISA vs. Kryptor) and the possible inflammatory impact 

of underlying diabetes, because all patients other than controls in the study by Bassim et al. 

(2008) were diabetic compared to only 28.9% of patients in our study. It is interesting that 

the serum ProCT was significantly higher in patients with diabetes in our study, but the 

salivary ProCT was not. Possible reasons for this difference include the different case 

definitions used for periodontitis, the substantially smaller number of patients enrolled in the 

earlier study and the limited number of study participants with no or no/mild periodontitis in 

both studies. Another potential variable was that some of the samples in our study had been 

stored briefly at 4° C prior to centrifugation and freezing. Therefore, we examined 

deterioration during storage in the refrigerator in additional samples from 12 of the patients. 

The means of the sample aliquots frozen for 15 min, one day, one week and three weeks 

after collection were 0.0505, 0.0572, 0.0472 and 0.0556 ng/ml, respectively. The coefficient 

of variation of these means was 0.0758 and the mean of the sample coefficients of variation 

was 0.141. These results indicate that ProCT is stable in whole saliva for up to three weeks 

at 4° C. In addition, CRP has been reported to be stable in saliva for up to 8 h at room 

temperature (Ouellet-Morin 2011).

ProCT levels in our study and CRP levels (Ouellet-Morin 2011, Foley et al. 2012) were 

lower in saliva and the CRP level was lower in gingival crevicular fluid (Kumari et al. 2014) 

than they were in serum collected at the same time. CRP is produced in the liver in response 

to significant inflammation (Ouellet-Morin et al. 2011), whereas ProCT is produced in many 

tissues, and by leukocytes and macrophages in response to bacterial infection (Müller et al. 

2001). This suggests that both CRP and ProCt are diluted by the watery component of 

salivary secretion despite any contribution of ProCT by either the salivary glands or 

inflammatory cells in the gingiva.

Serum CRP and ProCT were compared in relation to periodontitis in two studies in which 

the subjects were considered to be healthy. Ziebolz et al. (2007) assessed these and other 
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inflammatory biomarkers in samples of plasma from blood donors. Both CRP and ProCT 

levels were below or barely above the level of detection in nearly all subjects and not 

significantly higher in response to periodontitis. Moderate to severe periodontitis was 

uncommon in this study, however, which likely reflects the younger age of study 

participants (mean 25.7 ± 5, range 18–54 years). Giannopoulou et al. (2012) reported that 

both serum CRP and ProCT levels were elevated in cases of periodontitis, but CRP fell 

during the six months following periodontal therapy, while the ProCT level fell during the 

first two months, then increased steadily during the next four months. The latter study 

suggests that serum ProCT might be more useful than CRP for monitoring the recurrence of 

periodontitis

Bassim et al. (2008) found both salivary and serum ProCT levels to be higher, and we found 

the serum ProCT level to be higher, with advanced periodontitis in small groups of patients 

with diabetes and arthritis. Salivary ProCT seems worthy of further study, because it may 

prove more convenient for the patient to provide than serum samples. Its usefulness as a 

biomarker for monitoring the course of periodontitis may be limited by the smaller area of 

tissue infection compared to those of sepsis or bacterial pneumonia. Further refinement of 

the salivary ProCT assay, e.g., sample filtration, may help to establish a threshold for early 

detection of recurrence of moderate to severe periodontitis in individual patients. It then 

would be useful to examine whether the salivary ProCT assay might complement other 

biomarkers or self-reported symptoms that have been shown to identify individuals with 

periodontitis (Coburn et al. 2015). Nonetheless, the results of our study partially support our 

hypothesis that ProCT would be a more discriminative biomarker for periodontitis than 

hsCRP in patients with arthritis, because the circulating, but not salivary, levels of ProCT 

were higher in arthritis patients with periodontitis than in arthritis patients without 

periodontitis. As anticipated, there was marked variability of the hsCRP values. This 

suggests that elevations of salivary and serum hsCRP owing to periodontitis were 

overshadowed by differences in factors that can influence CRP levels among these patients, 

such as the different levels of inflammation associated with RA and OA, and the differences 

observed in adipose tissue, use of anti-inflammatory medications and smoking status.

Corticosteroids have the potential to affect two of the standard procedures used to diagnose 

periodontitis. They decrease inflammation and thus bleeding on probing. Long term use of 

corticosteroids causes osteopenia, which might affect alveolar bone loss or the radiologic 

interpretation of alveolar bone loss; however, neither accelerated marginal bone loss nor loss 

of attachment occurred in one study (von Wowern et al. 1992). Oral naproxen administration 

decreased all periodontitis parameters measured except gingival bleeding compared to 

placebo controls (Aras et al. 2007). The anti-TNF-alpha activities of the biologicals, 

adalimubab and infliximab, caused either increased (Pers et al. 2008) or decreased 

inflammation (Kobyashi et al. 2014), but both drugs retarded the progression of periodontal 

destruction. In a review of smoking and periodontitis, Nociti et al. (2015) concluded that "…

smokers present increased susceptibility to periodontitis and greater severity of progression. 

Paradoxically, the signs and symptoms of periodontitis are less pronounced in smokers than 

in non-smokers."
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Although the anti-inflammatory action of medications and smoking can suppress some of 

the diagnostic parameters of periodontitis, this does not appear to have been an important 

confounder in our study; all but twelve patients had moderate to severe periodontitis. 

Reduction of inflammation should decrease the production of CRP, however, and this has 

been shown to be the case with corticosteroids (Renvert et al. 2009), adalimumab (Strober et 

al. 2014), and naproxen (Tarp et al. 2012), but not with methotrexate (Kingsley et al. 2012). 

Oddly, hsCRP levels reportedly are higher in smokers than in nonsmokers (Kleber 2015),

Our findings suggest that a complex pattern of co-morbid factors contributed to the lack of 

significant effects of periodontitis on circulating and salivary hsCRP, but not serum ProCT, 

in the patients with OA and RA. Serum ProCT has been shown to be superior to CRP as a 

marker for large-scale bacterial infection, such as sepsis or pneumonia, in patients with OA 

and RA (Sato et al. 2012, Wu et al. 2012); this suggests that the superiority of serum ProCT 

as a marker of periodontitis in patients with arthritis in our study might be generalized to 

patients with RA and other chronic systemic inflammatory diseases among the general 

public.
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Fig. 1. 
Box and whisker plots showing biomarker concentrations (ng/ml) based on moderate/severe 

periodontitis (Mod/Sev PD) and severe periodontitis (Sev PD) vs. no periodontitis (No PD). 

Bottoms and tops of boxes reflect first and third quartiles, respectively. Bands inside boxes 

reflect median values and ends of whiskers reflect approximately 3/2 of quartiles. Individual 

values outside the whiskers are shown with dots and numbers to reflect the range used in the 

data set. Numbers inside the boxes = n for that group. Significance of each comparison was 

computed using the Wilcoxon rank sum test. A, serum ProCT; B, salivary ProCT; C, serum 

hsCRP; D, salivary hsCRP.

Redman et al. Page 12

Biotech Histochem. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Redman et al. Page 13

T
ab

le
 1

D
em

og
ra

ph
ic

s

G
ro

up
G

en
de

r
A

ge
R

ac
e

M
al

e
F

em
al

e
M

ea
n 

± 
SD

R
an

ge
B

la
ck

W
hi

te
O

th
er

s

O
A

36
14

54
.3

 ±
 1

0.
6

30
–8

8
42

6
2

R
A

21
12

58
.4

 ±
 1

1.
0

38
–8

0
19

11
3

T
ot

al
s

57
26

55
.9

 ±
 1

0.
9

30
–8

8
61

17
5

O
A

, o
st

eo
ar

th
ri

tis
; R

A
, r

he
um

at
oi

d 
ar

th
ri

tis
. “

O
th

er
s”

 a
re

 H
is

pa
ni

c 
an

d 
A

si
an

/P
ac

if
ic

 I
sl

an
de

r.
 O

ne
 O

A
 p

er
so

n 
in

 th
e 

“O
th

er
s”

 c
ol

um
n 

is
 b

ot
h 

H
is

pa
ni

c 
an

d 
B

la
ck

. O
A

 a
nd

 R
A

 d
if

fe
re

d 
by

 r
ac

e 
(X

2 ,
 p

 =
 

0.
02

8)
, b

ut
 n

ot
 g

en
de

r,
 (

X
2 ,

 p
 =

 0
.6

5)
 o

r 
ag

e 
(W

ilc
ox

on
 R

an
k 

Su
m

 T
es

t, 
p 

=
 0

.1
40

)

Biotech Histochem. Author manuscript; available in PMC 2017 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Redman et al. Page 14

T
ab

le
 2

N
um

be
r 

of
 p

at
ie

nt
s 

in
 c

at
eg

or
ie

s 
of

 b
od

y 
m

as
s 

in
de

x 
an

d 
di

ab
et

es
 b

y 
ar

th
ri

tis
 ty

pe

D
ia

be
te

s
B

M
I 

es
ti

m
at

e 
of

 e
xc

es
s 

w
ei

gh
t

A
rt

hr
it

is
 t

yp
e

C
on

tr
ol

le
da

T
ot

al
N

or
m

al
O

ve
rw

ei
gh

t
O

be
se

T
ot

al
, o

be
se

b

Y
es

N
o

18
.5

–2
4.

9b
25

.0
–2

9.
9

>
 2

9.
9

O
ve

rw
ei

gh
t

O
A

 (
%

 o
f 

O
A

)
11

 (
22

.0
)

5 
(1

0.
0)

16
 (

32
.0

)
11

 (
22

.0
)

14
 (

28
.0

)
25

 (
50

.0
)

39
 (

78
.0

)

R
A

 (
%

 o
f 

R
A

)
5 

(1
5.

2)
3 

(9
.1

)
8 

(2
4.

2)
7 

(2
1.

2)
9 

(2
7.

3)
17

 (
51

.6
)

26
 (

78
.8

)

T
ot

al
s 

(%
 o

f 
to

ta
l)

16
 (

19
.3

)
8 

(9
.6

)
24

 (
28

.9
)

18
 (

21
.7

)
23

 (
27

.7
)

42
 (

50
.6

)
65

 (
78

.3
)

B
M

I,
 b

od
y 

m
as

s 
in

de
x.

 O
A

, o
st

eo
ar

th
ri

tis
; R

A
, r

he
um

at
oi

d 
ar

th
ri

tis
.

a D
ia

be
te

s 
w

as
 c

on
si

de
re

d 
to

 b
e 

co
nt

ro
lle

d 
w

he
n 

th
e 

H
bA

1c
 v

al
ue

 w
as

 ≤
 7

.5
%

.

b B
M

I 
ra

ng
e.

 O
A

 a
nd

 R
A

 d
id

 n
ot

 d
if

fe
r 

by
 n

um
be

r 
of

 p
at

ie
nt

s 
w

ith
 d

ia
be

te
s 

(X
2 ,

 p
 =

 0
.4

46
),

 c
on

tr
ol

le
d 

an
d 

un
co

nt
ro

lle
d 

di
ab

et
es

 (
X

2 ,
 p

 =
 0

.7
16

),
 o

r 
B

M
I 

ca
te

go
ry

 (
X

2 ,
 p

 =
 0

.9
91

).

Biotech Histochem. Author manuscript; available in PMC 2017 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Redman et al. Page 15

T
ab

le
 3

N
um

be
r 

of
 p

at
ie

nt
s 

in
 c

at
eg

or
ie

s 
of

 a
nt

i-
in

fl
am

m
at

or
y 

m
ed

ic
at

io
ns

 a
nd

 s
m

ok
in

g 
st

at
us

 b
y 

ar
th

ri
tis

 ty
pe

N
um

be
r 

of
 p

at
ie

nt
s/

ty
pe

s
of

 a
nt

i-
in

fl
am

m
at

or
y 

dr
ug

sa
Sm

ok
in

g 
st

at
us

nu
m

be
r 

of
 p

at
ie

nt
s 

w
ho

 s
m

ok
e(

d)

A
rt

hr
it

is
 t

yp
e

0 
D

ru
gs

1 
D

ru
g

2–
4 

D
ru

gs
N

ev
er

P
as

tb
C

ur
re

nt
ly

O
A

 (
%

 o
f 

O
A

)
42

 (
84

.0
)

8 
(1

6.
0)

0 
(0

0.
0)

22
 (

44
.0

)
10

 (
20

.0
)

18
 (

36
.0

)

R
A

 (
%

 o
f 

R
A

)
8 

(2
4.

2)
12

 (
36

.4
)

13
 (

39
.4

)
16

 (
48

.5
)

10
 (

30
.3

)
7 

(2
1.

2)

T
ot

al
s 

(%
 o

f 
to

ta
l)

50
 (

60
.2

)
20

 (
24

.1
)

13
 (

15
.7

)
38

 (
45

.8
)

20
 (

24
.1

)
25

 (
30

.1
)

O
A

, o
st

eo
ar

th
ri

tis
; R

A
, r

he
um

at
oi

d 
ar

th
ri

tis
.

a Pa
tie

nt
s 

ha
d 

cu
rr

en
t p

re
sc

ri
pt

io
ns

 f
or

 u
p 

to
 f

ou
r 

ty
pe

s 
of

 a
nt

i-
in

fl
am

m
at

or
y 

dr
ug

s 
at

 e
nr

ol
lm

en
t: 

co
rt

ic
os

te
ro

id
s 

(d
ex

am
et

ha
so

ne
, p

re
dn

is
on

e)
, N

SA
ID

S 
(i

bu
pr

of
en

, n
ap

ro
xe

n)
, c

he
m

ot
he

ra
pe

ut
ic

 
(m

et
ho

tr
ex

at
e)

, a
nd

 b
io

lo
gi

ca
l (

ad
al

im
um

ab
).

b Pa
st

, P
at

ie
nt

 q
ui

t s
m

ok
in

g 
≥ 

1 
ye

ar
 p

ri
or

 to
 e

nr
ol

lm
en

t.

O
A

 a
nd

 R
A

 d
if

fe
re

d 
by

 th
e 

nu
m

be
r 

of
 p

at
ie

nt
s 

in
 th

e 
ca

te
go

ri
es

 o
f 

nu
m

be
r 

of
 a

nt
i-

in
fl

am
m

at
or

y 
dr

ug
s 

pr
es

cr
ib

ed
 (

X
2 ,

 p
 <

 0
.0

00
01

),
 b

ut
 n

ot
 b

y 
sm

ok
in

g 
st

at
us

 (
X

2 ,
 p

 =
 0

.3
00

).

Biotech Histochem. Author manuscript; available in PMC 2017 February 01.


