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Implication for health policy/practice/research/medical education:
Oral health assessment is often an overlooked problem in chronic kidney disease patients on hemodialysis. This could have an 
adverse effect on outcome after dialysis and transplantation.
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Introduction: Poor oral health and periodontitis is an important problem in chronic kidney 
disease (CKD) patients on hemodialysis (HD) awaiting kidney transplantation. This could 
contribute to increased morbidity and mortality as a result of infections and consequences of 
inflammation.
Objectives: To study the oral health status and assess its impact in inducing inflammation in 
CKD patients on HD.
Patients and Methods: Fifty CKD patients on HD (group I) were compared with 50 healthy 
controls (group-II) in a prospective cohort study. Oral health assessment was done with 
the WHO oral health assessment form with a mouth mirror and a community periodontal 
index (CPI) probe by a trained dentist. The demographic clinical data of oral health and 
periodontitis was collected in dialysis patients and healthy controls. CRP levels were assayed 
as markers of inflammation.
Results: Data shows that patients on dialysis have evidence of increased inflammation as 
indicated by raised CRP values. Our study shows the poor oral and mouth hygiene and 
periodontitis and inflammation was much more in dialysis patients as compared to control 
group (P < 0.05). Amongst dialysis patients with higher inflammation (CRP values), there was 
poorer oral health and more periodontitis (P < 0.05). This indicates that higher inflammation 
could result from poor dental hygiene and periodontitis. 
Conclusion: Poor oral and mouth hygiene was associated with inflammation as indicated 
by high CRP values in CKD patients on dialysis with poor dental hygiene. Periodontitis was 
significantly associated with development of inflammation. 
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Introduction 
Inflammation is common among patients with chronic 
renal failure (CRF) (1,2). Recent evidence suggests a high 
occurrence of periodontitis in occurrence patients (3), 
and patients on dialysis (4). The pro-inflammatory effect 
of periodontal disease is suggested by the association of 
periodontitis with markers of inflammation in patients 
with CKD. In chronic kidney disease (CKD) patients there 

is association of periodontitis, a potentially significant 
source of chronic inflammation, with elevation in 
C-reactive protein (CRP) levels (5).
Common symptoms of periodontal disease include tooth 
loss, gingivitis with gum inflammation and bleeding, 
excess tartar, infection, decay, tooth mobility, and gum 
recession with bone loss which can be identified by 
dentists. Periodontal disease is associated with elevations 
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of several markers of chronic inflammation (6,7). There is 
evidence that in CKD patients, chronic inflammation is 
associated with peridontitis. This is independent of other 
factors causing inflammation. 
Studies have reported that moderate to severe periodontitis 
can precipitate an acute-phase response (8) and that 
effective intervention to treat periodontal therapy may be 
able to decrease systemic markers of inflammation (9). 
CRP elevation is a part of the acute phase response to 
acute and chronic inflammation. Many epidemiological 
studies have shown that serum CRP levels were elevated 
in patients with chronic periodontitis. CRP elevation 
is suggestive of inflammation and infection in the 
periodontitis, also occur in malnutrition and renal 
dysfunction (10). Proper periodontal therapy could be 
effective in reducing CRP level because it reduces bacterial 
load and inflammation. This can improve antibody 
response to various pathogens and result to decrease in 
local inflammation, with significant improvement in 
clinical parameters and reduction in the elevated CRP 
levels in patients with periodontitis (11-13). The poor oral 
health in CKD patients is an important problem, which 
may require a close collaboration between dentists and 
nephrologists (14).

Objectives
To study the oral health status and assess its impact in 
inducing inflammation in CKD patients on HD.

Patients and Methods 
Study design
This was the retrospective cohort study and the subjects 
were enrolled from the dialysis unit of a tertiary care 
center (SGPGIMS) in Lucknow, North India. Total of 
50 participants were included in the group I, (CKD 
patients on dialysis). Fifty (age and sex matched) healthy 
controls (group II) were evaluated for oral and dental 
health. Various demographic and clinical variables were 
compared between CKD patients on dialysis (group I) 
with health controls (group II). CRP levels were assayed 
on a biochemistry analyzer (Beckman Coulter AU480) by 
latex particle immunoturbidimetric method.
All participants had an oral health assessment done with 
the WHO oral health assessment form (2013). Oral health 
assessment was performed by a trained dentist with a 
mouth mirror and a community periodontal index (CPI) 
probe to look for dental caries and missing teeth.
Periodontal status was assessed with the gingival bleeding 

score, pocket depth (PD) score and clinical loss of 
attachment (CAL) score. Gingival bleeding was scored 
as 0 (absent) or 1(present). Probing depth was coded as 0 
(absence of condition), 1 (pocket 4-5 mm) or 2 (pocket 6 
mm or more). CAL was scored as 0 (0-3 mm), 1 (4-5 mm), 
2 (6-8 mm), 3 (9-11 mm) or 4 (12 mm or more).
Periodontitis was defined by the case definition as detailed 
in the publication by Page and Eke (15) (Table 1). 

Ethical issues
The research followed the tenets of the Declaration 
of Helsinki; informed consent was obtained from all 
patients. This study was approved by Ethics Committee 
of Sanjay Gandhi Post Graduate Institute of Medical 
Sciences, Lucknow, India (grant # 2016-83-IP-EXP). 
All participants were informed about the objectives of 
the study and assured that the information will remain 
confidential. Participants also signed out consent forms. 

Statistical analysis
For normally distributed, data were presented in mean ± 
standard deviation (SD), minimum and maximum while 
non-normal data/discrete data were presented by median 
(inter-quartile range “IQR”), minimum and maximum. 
Means were compared among two groups (CKD and 
control groups) using one-way ANOVA while median 
values were compared by using Kruskal-Wallis H test. 
Various comparisons were performed to identify the 
actual significant pairs. Pearson’s chi-squared test (χ2) 
was used to compare the proportions between CKD and 
control groups. Wilcoxon signed rank test was used when 
data was in quantitative/ordinal scale. In case, scale was 
nominal, with two mutually exclusive possibilities, chi-
square test was used to test the difference in proportions 
between the observations (P value less than 0.05 was 
considered as statistically significant). Statistics software, 
version-23 (SPSS-23, IBM, and Chicago, USA) used for 
data analysis.

Results
In the present study, total of 50 participants were included, 
in the group1 (CKD patients on dialysis), group II included 
50 healthy controls. Various clinical and demographic 
variables were compared between CKD patients and 
normal controls. Age range of the patients was between 
15-60 years with mean age of the patients in the group I 
and group II was 36.2 ± 11.2 and 35.9 ± 6.6 years. One-way 
ANOVA test revealed that mean difference between the 

Table 1. Case definition for periodontitis

Case definition Clinical attachment loss Probing depth

Severe periodontitis ≥2 interproximal sites with CAL ≥4 mm (not on the same tooth) And ≥1 interproximal sites with PD ≥5 mm 

Moderate periodontitis ≥2 interproximal sites with CAL ≥4 mm (not on the same tooth) OR ≥2 interproximal sites with PD ≥5 mm (not on 
the same tooth)

No or mild periodontitis Neither “moderate” or “severe” Neither “moderate” or “severe”

PD, pocket depth.
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groups was not statistically significant (P = 0.4) which is 
an indication there was no confounding effect of the age 
on the significant difference if observed in the clinical 
variables between the groups.
CKD patients with healthy controls: the data collected 
from the group I (50 CKD patients on dialysis) and 
group II (50 healthy controls) was compared to test the 
significance levels. In Table 2, the type and degree of 
teeth involvement along with other clinical variables in 
group I was compared with control group (group II). 
As data was highly non-normally distributed, Mann 
Whitney U test was used to compare between the CKD 
patients with healthy controls for each of the variables. In 
the CKD patients (group I), lowest and highest number 
of teeth involving in the patients was observed (0 and 5 
respectively). In the CKD group I, 25% patients had not 
a single tooth involved, 50% patients had less than 2 teeth 
involved, 75 % patients had up to 3 teeth involved. In the 
control group, 50 %  had not a single tooth involved,and 
75 % had only 1 or no tooth involvement. The distribution 
of the no of teeth involvement between 2 groups was 
statistically significantly different (P < 0.05) (Table 2). 
There was significant difference between CKD patients 
and healthy controls for the variables namely; DMF 
(Decayed missing filled permanent teeth), bleeding, 

Pocket 4-5, Pocket ≥6, LOA (loss of attachment) = 0-3, 
LOA= 4-5 and oral mucosal lesions (P < 0.05) while it 
was statistically insignificant between two groups for the 
variables; M, F and LOA ≥ 6 (P > 0.05). Mann Whitney U 
test was used to compare the mean ranks of the data (not 
mean or median). Despite same median and interquartile 
value of the variable “Pocket ≥6” for the CKD and control 
groups, result came out to be significant which revealed 
that distributions between two groups are statistically 
significant (P < 0.05). None of the values were between 0 
to third quartile value and all the values in the groups were 
above the third quartile value (Table 2).
In Table 3, distribution of the categorical variables was 
compared between CKD (group I) and control group 
(group II). Pearson’s chi-squared test was used to test the 
association between the study groups for the categorical 
variables. Our data shows indicated that there was 
significant difference in the proportions of males and 
females between dialysis patients and healthy controls 
(P < 0.05). Similarly, proportions were significantly 
different between the groups for the variables; fluorosis 
and erosion but proportions of the location, calculus, 
plaque and stains were not significantly different between 
the two groups (P > 0.05). 
Our data shows that patients on dialysis have evidence of 

Table 2. Demographic and clinical variables in the CKD and the control groups

Clinical values
 CKD group (n=50) Control group (n=50)

P value
Mean ± SD/ Median (IQR) Min-Max Mean ± SD/ Median (IQR) Min-Max

D 1.5 (0.0-3.0) 0-5 0.0 (0.0-1.0) 0-3 0.029
M 0.0(0.0-1.0) 0-3 0.0 (0.0-0.0) 0-2 0.052
F 0.0 (0.0-1.3) 0-4 0.0 (0.0-0.3) 0-3 0.781
DMF 3.0 (0.0-4.0) 0-7 2.0 (0.0-3.0) 0-5 0.008
Bleeding 0.0 (0.0-0.5) 0-8 0.0 (0.0-0.0) 0-5 0.011
Pocket 4-5 0.0 (0.0-4.25) 0-8 0.0 (0.0-0.0) 0-7 0.035
Pocket ≥6 0.0 (0.0-0.0) 0-5 0.0 (0.0-0.0) 0-0 0.042
LOA 0-3 6.0 (5.0-6.0) 4-6 6.0 (3.0-6.0) 2-6 0.009
LOA 4-5 0.0 (0.0-1.0) 0-2 0.0 (0.0-0.0) 0-1 0.001
LOA ≥6 0.0 (0.0-0.0) 0-1 0.0 (0.0-0.0) 0-0 0.080
Oral macro  0.0 (0.0-0.0) 0-5 0.0 (0.0-0.0) 0-0 0.006

Mann-Whitney U test used to compare between Intervention and control groups.
Data presented in median (IQR), where IQR= Inter-quartile range showing first and third quartile Min-Max showing minimum and maximum No. of 
teeth involved in the group. P < 0.05 significant

Table 3. Distribution of the clinical characteristics in the CKD and the control groups

Variables  CKD group (n=50)
No. (%)

Control (n=50)
No. (%) P value*

Gender Male 47 (94.0) 5 (10.0) <0.001
Location Urban+ Peri-urban 44 (88.0) 39(78.0) 0.183
Fluorosis Present 19(38.0) 0(0.0) <0.001
Erosion Present 20 (40.0) 0(0.0) <0.001
Calculas Present 4 (8.0) 7(14.0) 0.338
Plaque Present 8 (16.0) 6(12.0) 0.564
Stain Present 21 (42.0) 16(32.0) 0.300

* Pearson chi-square test, P < 0.05 significant.
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increased inflammation as indicated by raised CRP values. 
Amongst dialysis patients with higher inflammation (CRP 
values), there was poorer oral health and significantly 
increased periodontitis score (Table 4). This indicates 
that higher inflammation could result from poor mouth, 
dental hygiene and periodontitis. Our study shows the 
poor oral and mouth hygiene and periodontitis causing 
inflammation were much more in dialysis patients 
compared to the control group.

Discussion 
The present study was conducted to evaluate oral health 
and oral hygiene in CKD patient on hemodialysis (HD). 
A total of 50 participants on dialysis were included in our 
study. A study conducted by Brito et al (16) had patients 
with a mean age of 50 years. In this study there was no 
significant cofounding effect of age on the various clinical 
variables of oral health in the two groups.
In our present study, the number of teeth involved as a 
clinical variable was compared between CKD group and 
control group. The number of decayed teeth were higher 
in the CKD group which was statistically significant 
(P = 0.029). Our present study and the study done by Brito 
et al, revealed that bleeding on probing and the percentage 
sites with clinical attachment loss of 0-3 mm and 4-5 
mm, PD of 4-5 mm were found to be significantly higher 
(P = 0.009, P = 0.001, P = 0.035 respectively) in CKD group 
on dialysis (16).
CKD is progressive impairment of the kidney function that 
is associated with the deterioration of nephrons occurring 
as a consequence of diabetes, chronic glomerulonephritis 
and hypertension. Progression of irreversible CKD to end-
stage renal disease (ESRD) requires renal replacement 
therapy (dialysis or kidney transplantation) (17,18).
Patients having CKD are prone to develop various 
pathologic alterations in the oral cavity. A variety of 
oral signs and symptoms like xerostomia, dental caries, 
periodontal disease, pockets, dental fluorosis, erosion and 
oral mucosal lesions have been reported in CKD patients 
on dialysis (19). Our present study shows that patients on 

Table 4. Comparison between the two groups 

Variables Control 
group CKD group P 

values

CRP levels (mg/L) 1.03±0.78 10.22.83±4  0.004
Age (y) 35.9±6.64 36.2±11.1  0.417

DMF (score) 126 96 0.008

Periodontitis (score) 46 188 0.000

LOA (score) 0 31 0.009

Fluorosis (score) 14 0 0.001

Erosion (score) 12 0 0.001

Calculus (score) 7 4 0.338

Plaque (score) 6 8 0.564

Stains (score) 16 21 0.300
Oral-mucosal lesions (score) 0 10 0.006

hemodialysis had significantly higher levels of decayed 
teeth (P = 0.029), bleeding on probing (P = 0.011), pockets 
with depth of 4-5 mm (P = 0.035), clinical attachment loss 
of 0-3 mm, 4-5 mm (P = 0.09 and P = 0.01 respectively) 
and oral mucosal lesions (P = 0.006). 
A study conducted by Nylund et al (19) reported that 
the prevalence of periodontal disease (PD ≥4 mm) was 
found to be higher in CKD patients (88%). Other studies 
conducted by Ahmed et al (20), Sharma et al (21), and 
Jyothi et al (22), indicated that periodontal destruction 
suggested by CAL score was higher amongst the patients 
of CKD. 
In our present study, results show that there was significant 
difference in the dental fluorosis and erosion scores 
(P = 0.001) whereas no significance was found in calculus, 
plaque and stain scores (P = 0.338, P = 0.564 and P = 0.300 
respectively) amongst CKD patients group compared to 
healthy control group. However, higher scores were found 
in CKD group amongst the plaque and stains variable 
when compared with the control group. Accordingly, a 
study conducted by Bots et al (23) revealed that patients 
had significantly more teeth covered with calculus than 
the control group patients (P < 0.05).
Periodontal disease is believed to be associated with 
cardiovascular disease and systemic atherosclerosis. 
Intervention studies have shown that the treatment 
of periodontal disease improves serum inflammatory 
markers and flow mediated arterial dilation, a marker 
of endothelial function that becomes dysfunctional early 
in the case of atherosclerosis (24-28). The data collected 
from the group 1 (CKD patients) was compared with the 
control (group 2). The results of our study revealed that 
there was a statistically higher score in dialysis patients 
(group 1) in the following variables; bleeding on probing, 
PD score of 4-5 mm, LOA 0-3mm, and 4-5 mm (P = 0.05). 
These results are consistent with other reports of oral 
lesions in CKD patients (20,29). 
Recent reports have indicated that patients with severe 
periodontitis have raised serum levels of CRP, when 
compared with normal healthy population (30,31)
There is a significant deterioration of oral and periodontal 
health in patients with CKD compared to healthy controls 
which is associated with higher CRP levels, which indicates 
inflammation. This may require remedial intervention 
(32,33).

Conclusion 
Our study confirms that poor oral and periodontal 
health is common in CKD patients on dialysis. There was 
significant association between periodontitis, poor oral 
health and raised CRP levels. This indicates increased 
inflammation and poor dental health in dialysis patients as 
compared to healthy control group. Periodontitis diagnosis 
and management need to be better addressed in dialysis 
patients. This would need increasing awareness amongst 
nephrology community as patients on dialysis may need 
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regular dental check up to improve the oral and dental 
health with the help of dental community. The treatment 
of periodontitis could translate into improvement of 
inflammation and reduction in the harmful inflammatory 
response. The oral disease is quite prevalent in patients 
with advanced CKD. Good oral hygiene could have a 
favorable effect by reducing and preventing inflammation. 
Our study suggests that oral health check up should be 
included as a routine pre-transplant evaluation .

Limitation of the study
The main limitation of this study was the small sample 
size.
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