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ABSTRACT
Background: Several studies have shown an
association between oral diseases and chronic kidney
disease (CKD), and regular oral care may be an
important strategy for reducing the burden of CKD.
The objective of this study was therefore to evaluate
the association between dental and periodontal
diseases in Thai patients with various stages of CKD.
Methods: This was designed as a cross-sectional
study and was performed between 2011 and 2012. The
inclusion criteria were age >20 years and a diagnosis
of CKD for at least 90 days. Data from medical records
were collected, clinical oral examination was
performed, and data were statistically analysed.
Results: A total of 129 patients with different stages
of CKD were included. Ninety-eight (76%) were men.
The age range was 30–86 years. The Decay, Missing
and Filling Tooth Index and the number of missing
teeth were higher in the group with moderate CKD than
in the control group (21 vs 17.5, p=0.045, 13 vs 8
p=0.01, respectively). Serum albumin levels decreased
when estimated glomerular filtration rate (eGFR) was in
decline (γ=0.33; p=0.002). Severe periodontitis was
significantly higher in the ‘more severe CKD group’
(eGFR <60 mL/min/1.73 m2) than in the ‘less severe
CKD group’ (eGFR 60–90 mL/min/1.73 m2; 24% vs
9%, p=0.03). Severe periodontitis, eGFR <30 mL/min/
1.73 m2 and brushing teeth more than once a day
were associated with hypoalbuminaemia (defined as
<3.8 g/dL) (OR (95% CI) 5.88 (1.64 to 21.11), 5.80
(1.58 to 21.35) and 0.16 (0.05 to 0.60), respectively).
Conclusions: Severe periodontal diseases were more
prevalent in patients with more severe CKD than in those
with less severe CKD. The novel association of serum
albumin levels with periodontal status was demonstrated
in progressive stages of CKD. Dental intervention may be
beneficial from the early stages of CKD.

INTRODUCTION
Chronic kidney disease (CKD), the gradual
and usually permanent reduction of the
glomerular filtration rate (GFR) of the

kidneys, leads to increases in serum creatin-
ine and blood urea nitrogen (BUN) levels,
resulting in uraemia or azotaemia. Common
causes of CKD are hypertension, diabetes
mellitus, chronic glomerulonephritis,
obstructive uropathy, autoimmune disease
and obesity.1–6 Uraemia develops and
adversely affects every system of the body.7

Systemic abnormalities, such as anaemia,
platelet disorder and hypertension, can be
observed in individuals with chronic renal
disease.7 Patients with end-stage renal disease
(ESRD) who are receiving haemodialysis
experience a greatly increased rate of athero-
sclerotic complications.8 C-reactive protein
(CRP) in malnutrition, the major acute
phase protein in man, predicts all-cause and
cardiovascular mortality in patients with
ESRD receiving maintenance haemodialysis
(MHD) therapy.9–13 The goal of treatment is
to maintain kidney function and homoeosta-
sis for as long as possible.6

Oral manifestations of chronic renal
disease are common during the progression

Strengths and limitations of this study

▪ This cross-sectional study demonstrates that
serum albumin levels correlated with progressive
stages of chronic kidney disease and severe peri-
odontal status.

▪ The laboratory measurements were uniform
because all were obtained from a single facility.

▪ Performance in a single centre and a relatively
small, but comparable with most previous
reports, number of enrolled patients.

▪ We could not consider the educational levels of
these patients or their socioeconomic statuses,
which might affect periodontal status.

▪ We did not record other comorbidities, such as
malabsorption, that could cause
hypoalbuminaemia.
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of uraemia. They may present as unique signs of multi-
system diseases affecting the kidney or as common oral
pathologies found with increased prevalence in patients
with ESRD.9 14 15 Uraemic patients have more dental
problems than healthy controls in oral mucosa, teeth,
salivary glands16 and jaw bones, problems that seem to
develop before dialysis.17 18 Xerostomia, uraemic stoma-
titis, periodontal disease and maxillary and mandibular
radiographic alterations can be observed in patients with
chronic renal failure.14 Periodontal diseases are highly
prevalent among patients with chronic renal
failure,8 17 19 20 specifically gingivitis, excessive plaque
formation and poor oral hygiene in uraemic patients;21

however, there are previous reports that periodontal dis-
eases and other dental problems, such as loss of teeth,
periapical lesions and mucosal lesions, are contradictory
findings.22 23 Other studies have confirmed that peri-
odontal health is poor in haemodialysis patients and
that it correlates with markers of malnutrition and
inflammation.24 25 We could not find any study that eval-
uated the oral health of Thai patients with various stages
of CKD. The objective of this study was therefore to
evaluate the association between dental and periodontal
diseases in Thai patients with various stages of CKD, who
were treated at the Golden Jubilee Medical Center,
Mahidol University, Thailand from 2011 to 2012.

SUBJECTS AND METHODS
Patients
This was designed as a cross-sectional study and per-
formed at the Golden Jubilee Medical Center, Mahidol
University, Thailand during 2011–2012. The project was
approved by the Mahidol University Institutional Review
Board (MU-IRB 2011/102.1005). Written informed
consent to participate in the trial was obtained from all
patients. The Modification of Diet in Renal Disease
Study equation was calculated as follows: estimated GFR
(eGFR; mL/min/1.73 m2)=175×(Scr)

−1.154×(Age)−0.203×
(0.742 if female)×(1.212 if African–American);26 during
the period of this study, the CKD Epidemiology
Collaboration equation was not the most widely used equa-
tion. The inclusion criteria were patients who had been
diagnosed with CKD for at least 90 days and age >20 years.
The study groups were divided by eGFR into mild CKD
group (eGFR 60–90 mL/min/1.73 m2; group 1), moder-
ate CKD group (eGFR 30–60 mL/min/1.73 m2; group 2),
and severe CKD group (eGFR <30 mL/min/1.73 m2;
group 3). Patients on MHD were also included in this
study. The exclusion criteria were any systemic disease that
could acutely affect the GFR (rapid progressive glomerulo-
nephritis, active glomerular diseases, pregnancy) and/or
oral health status (immunodeficiency syndrome, recurrent
or active cancer) or any medication that could affect oral
health status, such as immunosuppressive drugs (cortico-
steroid drugs or chemotherapy). After application of the
inclusion and exclusion criteria, 129 patients were
recruited for this study.

Clinical and demographic measures
The data used in this study were: (1) responses to ques-
tions on age, gender, smoking, comorbidities such as
diabetes and/or hypertension, and CKD aetiologies; (2)
laboratory assays of serum BUN, serum creatinine, gly-
cated haemoglobin (HbA1C), fasting plasma glucose,
serum total cholesterol, serum high-density lipoprotein
(HDL) cholesterol, serum low-density lipoprotein (LDL)
cholesterol, serum albumin, serum uric acid and haem-
atocrit; and (3) assessment of dental and periodontal
status by two dentists who were blinded to CKD status.
Both dentists were trained in the Decayed, Missing or
Filled Teeth (DMFT) and Community Periodontal Index
(CPI) systems and were familiarised with the standard
protocol before the study started. The numbers of
DMFT, according to the criteria recommended by the
WHO, were recorded.27 A tooth was classified as:
decayed when there was a soft cavity or undermined
enamel on the tooth surface; filled when restored with
dental materials; missing when indicated by routine
dental examination. The periodontal status was assessed
using the CPI system:28 a score of 0=healthy, 1=bleeding,
2=calculus, 5=calculus and bleeding immediately after
probing, 3=pocket 4–6 mm, and 4=pocket >6 mm.
Pocket depths were measured using a standard peri-
odontal probe at six sites around each representative
tooth in each sextant and represented the distance from
the gingival margin to the deepest site of the gingival
sulcus. Six sextants containing at least two functional
teeth were assigned a code number. The condition of
the worst-affected site in each sextant was recorded.
Periodontal health was transformed from the CPI score
to fair (CPI score of 1, 2 or 5), moderate (CPI score of
3) or severe (CPI score of 4) periodontal status. Fair
periodontal status was clinically diagnosed as gingivitis,
while moderate and severe periodontal statuses were
clinically diagnosed as periodontitis.

Laboratory measures
Blood samples were drawn using uniform techniques
and all laboratory values were obtained by automated
and standardised methods at the International Center
for Medical and Radiological Technology Laboratory
Department of the Golden Jubilee Medical Center.

Description of risk factors
The principal exposure or predictor for this analysis was
periodontal status based on a clinical examination.29

Other traditional and suspected non-traditional risk
factors for CKD included in the analyses were age,
gender, health status (diabetes mellitus and hyperten-
sion), health behaviour (smoking) and biomarker levels
(total cholesterol, HDL cholesterol and LDL choles-
terol). Outcomes or dependent variables of this study
were dental examination results such as missing teeth,
filled teeth, DMFT Index and periodontal status of
patients with CKD.
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Statistical methods
After dividing subjects into a low renal function group
with moderate CKD (eGFR 30–60 mL/min/1.73 m2)
and severe CKD (eGFR <30 mL/min/1.73 m2) for the
study group and mild CKD (eGFR 60–90 mL/min/
1.73 m2) for the control group, we compared blood
chemistry (BUN, creatinine, fasting blood sugar, %
HbA1C, total cholesterol, LDL cholesterol, HDL choles-
terol, triglyceride, uric acid, serum albumin, haemato-
crit) among the three groups using the analysis of
variance test. The median number for the DMFT Index
was calculated for each CKD group and compared
among the groups using the Mann-Whitney test and
among all the groups by the Kruskal-Wallis test. The χ2

test was used to study the proportion of periodontal
disease and brushing behaviour between two and three
groups. The data obtained were analysed using the SPSS
V.16 statistical package. p<0.05 indicated significance. All
tests were two-sided.

RESULTS
Table 1 presents the essential characteristics of the study
population and their unadjusted associations with the
CKD groups. Group 3 had the most severe CKD and
higher levels of blood creatinine but lower albumin
levels (p<0.05) than the other two groups. The levels of
serum albumin also decreased when eGFR was in
decline (γ=0.33; p=0.002). Figure 1 shows the unadjusted
correlation coefficients of serum albumin and eGFR.
Despite the high prevalence of inherited autosomal
recessive blood disorders, such as thalassaemia, we still
observed the lowest haematocrit in group 3.
Twenty-seven per cent of the patients in this study had

severe CKD, 37% moderate CKD, and 36% mild CKD;
76% of the total sample was male. There was no statistic-
ally significant difference between the groups concern-
ing gender. The mean±SD age of the participants was
61±11 years. There was a significant difference between
the three groups with respect to age; the mean age of
the patients with severe CKD was lowest (56±12 years).
Underlying kidney diseases were different and underesti-
mated among groups. Diabetes kidney disease was not
the most common aetiology, but this study showed a
non-statistical difference in diabetes mellitus type 2 as a
comorbid disease. This may be because of inadequate
kidney biopsy proof.
An independent association was observed between

poorer dental health and mortality for adult haemodi-
alysis patients, and specific oral hygiene practices were
linked to better survival. We found that, in the most
severe CKD group (group 3), patients had worse brush-
ing behaviour than the other groups: 11% did not brush
their teeth, but this difference was not significant
(p=0.05).
The DMFT Index is shown in table 2. We noticed a

difference between the focus group (groups 2 and 3)
and the mild CKD group (group 1) (p=0.85 and 0.045,
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Table 2 Compare DMF index between group in 129 CKD patients and according to the differences group of (Group 1: eGFR=60–90 mL/min/1.73 m2; Group 2:

eGFR=30–60 mL/min/1.73 m2; Group 3: eGFR <30 mL/min/1.73 m2)

Index

Group 3 and 1 (control) Group 2 and 1 (control) Group 2+3 and 1 (control)
Group 1,

2 and 3

Group 3 Group 1 p Value* Group 2 Group 1 p Value* Group 2+3 Group1 p Value* p Value†

Decay 2 (0, 5) 3 (1, 5) 0.15 3.5 (1, 6.5) 3 (1, 5) 0.84 3 (0, 6) 3 (1, 5) 0.5 0.24

Missing 10 (4, 19) 8 (5, 13) 0.75 13 (8, 17) 8 (5, 13) 0.01 12 (6, 19) 8 (5, 13) 0.046 0.05

Filling 0 (0, 3) 2.5 (0, 5) 0.05 1 (0, 4) 2.5 (0, 5) 0.33 1 (0, 4) 2.5 (0, 5) 0.26 0.13

DMFT Index 18 (10, 26) 17.5 (12, 23) 0.85 21 (15.5, 26.5) 17.5 (12, 23) 0.045 20 (13, 26) 17.5 (12, 23) 0.33 0.08

Remaining teeth 14 (6, 22) 14.5 (9, 20) 0.83 11 (5.5, 16.5) 14.5 (9, 20) 0.046 12 (6, 19) 14.5 (9, 20) 0.347 0.08

Values are median (25th percentile, 75th percentile).
*Mann-Whitney test.
†Kruskal-Wallis test.
CKD, chronic kidney disease; DMFT, Decayed, Missing or Filled Teeth.
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periodontitis, and 29% had gingivitis. We also observed
that the moderate CKD group (group 2) had less peri-
odontitis than the severe and mild CKD groups (58% vs
71% vs 63%, respectively; p=0.47) (table 3). The preva-
lences of severe periodontitis (CPI score of 4) of CKD
groups 1, 2 and 3 were 9%, 25% and 23%, respectively
(p=0.11).
We also separated the ‘more severe CKD’ (eGFR

<60 mL/min/1.73 m2) and ‘less severe CKD’ (eGFR 60–
90 mL/min/1.73 m2) groups. Eighty-three patients
(64%) were categorised into the more severe CKD
group, and 46 patients (36%) remained in the less
severe CKD group. The mean ages of the more severe
and less severe CKD groups were 62 and 60 years,
respectively (p=0.46). The serum albumin levels of the
more severe CKD group were lower than those of the
mild CKD group (4.17 and 4.42 g/L, respectively;
p<0.001). Similarly, the haematocrit of the more severe
CKD group was lower than that of the less severe CKD
group (36% and 42%, respectively; p<0.001) (table 1).
The numbers of decayed teeth, filled teeth and

normal remaining teeth were the same in the two
groups (table 2). The more severe CKD group had mar-
ginally significantly more missing teeth than the mild
CKD group (median 12 vs 8; p=0.046). Severe periodon-
tal disease was noticeably greater in the more severe
CKD group than in the less severe CKD group, 24% vs
9% (p=0.03) (table 3).
Figure 2 shows that the mean levels of serum albumin

declined and correlated with severe periodontal status
and the poorest CKD group.
Ninety patients with CKD had collected serum

albumin during this study. We analysed the association
with various factors that might contribute to the low
level of serum albumin (defined as <3.8 g/dL). Lower
albumin (figure 3) was associated with severe periodon-
titis status and eGFR <30 mL/min/1.73 m2 (OR (95%
CI) 5.88 (1.64 to 21.11) and 5.80 (1.58 to 21.35),
respectively). Brushing teeth more than once a day

showed a negative association with hypoalbuminaemia
(OR (95% CI) 0.16 (0.05 to 0.60)).

DISCUSSION
In this study, periodontal diseases were more prevalent
in patients with more severe CKD than in those with less
severe CKD. In patients receiving MHD, poor periodon-
tal health correlates with markers of malnutrition and
inflammation.21 Albumin level, commonly used as a mal-
nutrition marker, can predict mortality in both dialysis
and post-kidney transplant patients.14 30–33 The present
study also demonstrates that serum albumin levels correl-
ate with progressive stages of CKD (γ=0.33; p=0.002) and
also decline with severe periodontal status (figure 2).
Although previous studies21 34 35 established that severe
periodontitis is associated with low serum albumin in
MHD patients, they did not include patients with early
stages of CKD. Kshirsagar et al35 also reported on 154
MHD patients and confirmed that severe periodontitis
was associated with low serum albumin (defined as
<3.5 mg/dL). The present study reveals that severe peri-
odontitis is associated with hypoalbuminaemia from the
early stages of CKD.
Although there is significant overlap with inflamma-

tion, starvation and protein–energy wasting, no studies
have confirmed the association between poor/reduced
oral intake and hypoalbuminaemia. Starvation alone
might not be enough to change serum markers such as
serum albumin.35 Many studies support the association
between systemic inflammatory markers, periodontitis
and malnutrition in dialysis patients.8 34 36–38 The
Malnutrition Inflammation Score (MIS) was found to be
a comprehensive scoring system with significant associa-
tions with prospective hospitalisation and mortality as
well as measures of nutrition, inflammation and
anaemia in MHD patients.12 Several studies have
reported that effective initial periodontal therapy might
reduce systemic markers of inflammation such as

Table 3 Periodontaldiseases between group in 129 patients with CKD and according to the differences in group of CKD

Index

Group 3 and 1 (control) Group 2 and 1 (control) Group 2+3 and 1
Group 1,

2 and 3

Group 3

(N=35)

Group 1

(N=46)

p

Value*

Group 2

(N=48)

Group 1

(N=46)

p

Value*

Group 2+3

(N=83)

Group 1

(N=46)

p

Value* p Value†

Gingivitis 10 (29%) 17 (37%) 0.43 20 (42%) 17 (37%) 0.64 30 (36%) 17 (37%) 0.93 0.47

Periodontitis 25 (71%) 29 (63%) 0.43 28 (58%) 29 (63%) 0.64 53 (64%) 29 (63%) 0.93 0.47

Moderate

periodontitis

17 (49%) 25 (54%) 0.61 16 (33%) 25 (54%) 0.04 33 (40%) 25 (54%) 0.11 0.11

Severe

periodontitis

8 (23%) 4 (9%) 0.08 12 (25%) 4 (9%) 0.036 20 (24%) 4 (9%) 0.03 0.11

Group 1, eGFR=60–90 mL/min/1.73 m2; group 2, eGFR=30–60 mL/min/1.73 m2; group 3, eGFR <30 mL/min/1.73 m2.
The periodontal status was assessed using the CPI system. Periodontal health was transformed from the CPI score to fair (CPI score of 1, 2
or 5), moderate (CPI score of 3) or severe (CPI score of 4) periodontal status. Fair periodontal status was clinically diagnosed as gingivitis,
while moderate and severe periodontal statuses were clinically diagnosed as periodontitis.
*χ2 test.
†Kruskal-Wallis test.
CKD, chronic kidney disease; CPI, Community Periodontal Index.
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haptoglobin and CRP levels.38–42 Unfortunately, no study
has shown long-term survival outcomes. Further pro-
spective cohort studies should establish the association
between MIS, periodontal status and mortality out-
comes.43–45

Periodontal disease is characterised by the resorption
of alveolar bone and the loss of soft tissue attachments
to the teeth. Low renal function is associated with dis-
rupted regulation of vitamin D and calcium levels,
which contribute to bone disease.46 A previous study,47

conducted from June to September 2002 at the EGAT
(the Electricity Generating Authority of Thailand),
demonstrated a prevalence of severe periodontal disease
of 15.9% (mean clinical attachment level was >4.0 mm)
among the older population (>50 years of age). We also
observed greater prevalences of poor periodontal status
in severe (23%) and moderate (25%) CKD (all groups
had mean ages >50 years). Our study confirmed the high
prevalence of poor periodontal status in patients with
severe and moderate CKD, which was much greater than
that of the general elderly Thai population. In the USA,
over 50% of the adult population was found to have peri-
odontal disease, and the prevalence of severe periodontal
disease (pocket ≥6 mm) was <5%.48 Interestingly, all of
our patients with CKD had periodontal disease.
Kshirsagar reported that severe periodontal disease is
associated with GFR <60 mL/min/1.73 m2 (OR 2.00;
95% CI 1.23 to 3.24).35 Our study also found that patients
in the more severe CKD group had poorer periodontal
status than the patients in the mild CKD group.
The total DMFT Index demonstrated non-significant

differences between all the groups in our study. Our
results are comparable to those of Sobrado Marinho
et al22 with respect to the lower total DMFT Index in the
severe CKD group (eGFR <30 mL/min/1.73 m2) than in
the less severe CKD groups (16.91 vs 18.08 (p=0.52) and
14.39 vs 20.64 (p=0.004)). In this study in Spain,22 the
prevalence of active caries and fillings was lower in
the CKD group than in the controls, particularly in the
patients with advanced CKD (GFR <15 mL/min).
A higher prevalence of periodontal disease was found

in patients with diabetes mellitus.49 Diabetes mellitus is a

risk factor for periodontal disease, but periodontal
disease also increases the severity of diabetes mellitus.
Chronic infection and inflammation may amplify the
advanced glycation end-product-mediated cytokine
response in diabetes mellitus.50 This study did not show
any association of a higher prevalence of poor periodon-
tal status in CKD patients with than without diabetes
mellitus. Chuang et al51 reported that patients with dia-
betic nephropathy had more caries than those with CKD
of non-diabetic aetiology; however, our study did not
confirm this. Bots et al52 reported that the number of
decayed teeth in patients receiving maintenance dialysis
was similar to that of the healthy controls. With respect
to the prevalence of fillings, Bayraktar et al53 established
a lower index of restorations in a group of patients with
advanced CKD who underwent haemodialysis than in a
control group, although the difference was not statistic-
ally significant. Bots et al52 also found no differences in
the number of fillings between a group of patients with
chronic renal failure who were on dialysis and a control
group, although this series had certain limitations, spe-
cifically that they excluded patients under 25 or over
52 years of age and those with serious difficulties with
travelling.23

The limitations of the present study include its per-
formance in a single centre and a relatively small, but
comparable with most previous reports,15 19 21 23

number of enrolled patients. We could not consider the
educational levels of these patients or their socio-
economic statuses, which might affect periodontal
status.54 Moreover, we did not record other comorbid-
ities such as malabsorption, which could cause hypoalbu-
minaemia. Despite submission of this study after the
protocol had ended in 2012, it is contemporary because
CKD guidelines were published during the same
period.55–57

The strengths of our study include: (1) a cross-
sectional study also demonstrating that serum albumin
levels correlate with progressive stages of CKD and
severe periodontal status; (2) uniform laboratory mea-
surements because all the laboratory data were obtained
from a single facility.

Figure 3 Forest plots of various

factors that might contribute to

hypoalbuminaemia.
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CONCLUSIONS
Accounting for the immunity of patients with CKD, this
study reveals that patients with more severe CKD have
more severe periodontal disease than those with less
severe CKD. Severe periodontitis is also associated with
hypoalbuminaemia from the early stages of CKD. Routine
dental examinations and proper preventive dental care
are suggested for patients with CKD, especially in the early
stages of the disease. A prospective cohort study needs to
link the association of severe periodontitis, mortality and
hypoalbuminaemia and confirm desirable survival
outcome on successful treatment of periodontal diseases.
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