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Abstract
Chronic kidney disease (CKD) is a complex disorder in which active intervention leads to
longer survival expectancy. Oral diseases are complex disorders caused mainly by
bacterial, fungal, or viral infections, where primary defense mechanisms are influenced.
The most common complications seen in CKD patients are malnutrition, inflammation,
and atherosclerosis (MIA syndrome), leading to high morbidity and mortality. Oral
diseases, often asymptomatic, may contribute to a worse prognosis in this patient group.
Loss of teeth and inflammation of oral tissues initiate an increasing interest in the effort to
describe complicating factors for the MIA syndrome. Oral diseases and consequences of
dental treatment are established over a lifetime. By the time an end-stage renal disease
appears in old age, the longtime oral health neglect affecting general health can lead to
unwanted consequences.
The objective of this thesis is to describe the influence of oral diseases on the medical
conditions of CKD patients, to describe possible oral disease acceleration during CKD
progression, and to try to explain these phenomena in this specific group of patients. Oral
health neglect identified and treated at an early stage of CKD might contribute to slow
down development of coronary heart disease, and thus contribute to better prognosis for
CKD patients.
Paper I. Oral health is described, comparing CKD patients to controls with normal renal
function. We investigated teeth conditions both clinically and with radiographs. We also
investigated the loss of attachment on tooth supportive tissues. Inflammatory lesions
around teeth apices were investigated, as were mucosal changes. We found that CKD
patients were worse affected than their age- and sex-matched controls even after adjusting
for a number of confounders.
Paper II. The immune system in CKD-5 patients is affected for a number of reasons.
Fungal infections might appear in periods of low primary defense both locally and
systemically. An untreated oral fungal infection might influence eating and swallowing
and the general health becomes affected. This paper describes the prevalence of oral
fungal infections and suggests routines to avoid complications in the care of CKD-5
patients
Paper III. Hyposalivation becomes a big issue for many CKD patients. The oral health is
highly dependent on saliva as one important factor to maintain primary defense
mechanisms and protect oral tissues from invading pathogens. The literature has been
contradictory in how hyposalivation affects CKD patients. In this paper we show that
hyposalivation is affected during CKD, and also describe the profiles of secreted
proinflammatory factors of interest. Salivary glands are tissues with a high metabolism,
and are affected early due to disturbances of water and electrolyte balance. We found
elevated levels of whole salivary proteins and cytokines/chemokines signaling
transmigration of leukocytes and resolution of inflammation in CKD patients, as
compared to controls.
Paper IV. CKD patients are found to have an increased circulatory DNA oxidative stress.
This process is shown to correlate to the MIA syndrome, as it affects endothelial tissues
and is one factor in the pathogenesis of cardiovascular disease. This study investigates
how accessory gland tissue reacts to this process. We found a correlation between
oxidative DNA damage and hyposalivation.
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1 THESIS SUMMARY – MAIN SECTION
Oral disease in patients with chronic kidney disease (CKD) is an issue in
daily clinical practice for many dentists working as consultants with CKD
patients. Generally the patients are referred to the dental clinic in urgent
situations with pain in the mouth, fractures of teeth, bridge abutments, or
prosthetic dentures. Patients considered for transplantation are referred to a
dentist for an assessment of whether there is a need for elimination of oral
infections before immunosuppressant treatment. In these situations local
teeth infections such as periapical and periodontal infections can be
revealed with a complete clinical assessment together with x-rays. Issues
related to the prevalence of oral diseases in CKD patients are discussed in
the literature in countries such as Portugal, USA, UK, Turkey, and
Sweden.1 In Sweden stage 4-5 CKD patients have not previously been
compared to age- and sex-matched controls concerning oral health. This
thesis, with a comparably large cohort of CKD patients compared to ageand sex-matched controls in a country with a history of more than 40 years
of public dental insurance, might serve as a trustworthy report on this
subject. The thesis is focused on describing the changes of oral diseases
with multifactorial causes during chronic kidney disease progression, and
on investigating main factors of interest within this patient group. At
present there are no specific routines to find patients at risk for oral
diseases within this group. The thesis also serves as a tool for revealing if
certain CKD patients are exposed to a higher risk for oral diseases because
of renal failure, compared to controls. We have also evaluated the
importance of factors other than CKD, such as oral hygiene,
socioeconomic factors, tobacco habits, and diabetes in order to understand
and explain why oral disease seems to become important for many patients
during progression to end-stage renal disease.

1
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INTRODUCTION

2.1

RENAL FUNCTION AND PATHOPHYSIOLOGY

The kidneys (Figure 1) have four major regulatory functions. Waste
products and drugs are controlled through the excretory process. The
kidneys also play a major role in maintenance of the homeostasis, through
the regulation of water and electrolytes. The regulation also involves
control of the acid-base balance. The endocrine process regulates the blood
pressure through renal production of renin modifying the angiotensin
system. The decreased renal production of erythropoietin causes anemia,
and vasodilatation is controlled through production of prostaglandins. The
kidneys are important organs for the metabolism of vitamin D to an active
form. It is also a site for catabolic processes of several hormones such as
insulin, parathyroid
hormone, and calcitonin.
The renal function is often
measured as glomerular
filtration rate (GFR) using
the iohexol clearance
method 2. This is also the
method being used in this
thesis. A renal dysfunction is
observed when the GFR is
59-30 mL/min/1.73 m2 and
high blood pressure is
Figure 1.
already observed. When the
GFR level decreases to 292
15mL/min/1.73 m symptoms appear. The water and electrolyte balance is
affected and serum urea increases. An advanced renal failure with uremic
symptoms is seen when the GFR decreases to < 15 mL/min/1.73 m2 At
this stage the renal dysfunction is more obvious, as failing excretion and
reabsorption of water and sodium result in systemic water retention,
causing high blood pressure and further electrolyte disturbances. Renal
failure also leads to a metabolic acidosis with retention of protons in the
plasma and anemia caused by a decreased erythropoietin production.
CKD
Stage
1
2
3
4
5

Description
Kidney damage with normal or ↑ GFR
Kidney damage with mild ↓ GFR
Moderate ↓ GFR
Severe ↓ GFR
Kidney failure

GFR
(mL/min/1.73m2)
≥90
60-89
30-59
15-29
<15 (or dialysis)

Table I. Stages of Chronic Kidney Disease according to the National
Society of Renal Medicine
2

End-stage renal failure appears when GFR decreases to <5-10
mL/min/1.73 m2. At this point the patient is seriously ill, with pronounced
uremic symptoms. High blood pressure, weight loss, anemia, neuropathy
and osteodystrophy indicate that the patient needs to start dialysis
treatment.

2.2

THE DEVELOPMENT OF KIDNEY DISEASE

For many years glomerulonephritis has been the most common disease for
patients on dialysis. The incidence of diabetes mellitus (DM) is now
increasing fast and will soon result in the most common diagnosis in
dialysis treatment.

Diagnosis
Glomerulonephritis
Diabetic nephropathy
Polycystic kidney disease
Nephrosclerosis
Pyelonephritis
Uremia, NUD
Others
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Figure 2. Reasons for development of kidney disease (%) 2007. (Kindly
provided by Svensk Njurmedicinsk Förening. SNR).
When a systemic disease affects the kidneys it is referred to as secondary.
Patients with diabetes are by far the largest group; 25-45% develop a
diabetic nephropathy. Irrespective of whether the diabetes is type 1 or 2, a
majority of the individuals can be detected early because of
microalbuminuria, which is a sign of poor prognosis. Consequently
glomerulosclerosis and atherosclerosis appear and GFR gradually declines,
leading to end-stage renal disease.
2.3

PRIMARY AND SECONDARY HYPERTENSION

Blood pressure is primarily controlled by the kidneys through the
regulation of sodium and the antidiuretic hormone (ADH). The ADH
levels in the body regulate the concentration and the daily volume of urine
to between 1.0-1.5 L, with a normal range of 400mL to 2-3 L. The kidney
3
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is the main regulatory organ that keeps the osmolality constant. Increased
blood pressure normally leads to secretion of sodium, potassium, and
chloride ions together with water to normalize blood pressure.
Primary hypertension accounts for at least 95% of all cases of
hypertension. When PH is poorly controlled, changes like arteriosclerosis
and hyalinization of the small vessels are seen in the kidneys.
Secondary hypertension is mainly caused by renal and endocrine disorders
such as renal artery stenosis, primary hyperaldosteronism, and adrenal
tumors.
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3 PREVALENCE AND INCIDENCE OF RENAL
DISEASE IN SWEDEN
At present there are 7881 patients receiving active treatment for uremia in
Sweden. On a yearly basis about 1100 patients are diagnosed with their
end stage renal disease, and start some form of intervention due to renal
failure. The incidence is about 125 individuals per 1 million Swedes.
About 47% of all patients are on dialysis treatment and > 50% are
transplanted. Hemodialysis patients are by far the largest group,
accounting for 2/3, while CAPD accounts for about 1/3. The population
prevalence has doubled during the last 10 years, and 2/3 are men.
(www.medscinet.net/snr/).

Figure 3. Prevalence of patients receiving HD (hemodialysis), HHD
(home hemodialysis), PD (peritoneal dialysis), and transplantation from
December 31, 1990 to December 31, 2007. (Kindly provided by Svensk
Njurmedicinsk Förening SNR.)
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4 PATIENTS WITH CKD 4-5
4.1

PREDIALYSIS

Patients with a severe kidney function disturbance present a GFR less than
15 mL/min/1.73m2 or 15-29 mL/min/1.73m2. An early symptom is
hypertension, which untreated leads to hypertrophy in the glomerular and
tubular structures. This hypertrophy leads to increased filtration and rapid
progression of the renal dysfunction. The disturbance causes retention of
metabolites and alterations of the electrolyte and water balance. Increasing
serum urea levels appear parallel to the uremic symptoms. Malnutrition
occurs partly because of the uremic toxicity, but may also originate from
an acidosis, infections, inflammation, comorbidity, or psychological
factors 3.

4.2

CONTINUOUS AMBULATORY PERITONEAL DIALYSIS

Continuous ambulatory peritoneal dialysis (CAPD) or Peritoneal dialysis
(PD) constitute one modality of dialysis treatment, where the peritoneal
membrane in the abdomen is used for excretion of waste products. The
peritoneal membrane also serves as a dialysis membrane for the exchange
of water through the capillaries. The dialysis glucose solution contains a
buffering substance of lactate and electrolytes. CAPD involves a
continuous exposure for exchanges of dialysate in the abdomen during the
day or machine exchanges during the night. Patients on this dialysis
modality live at home and come to the hospital every 4-6 weeks for
checkups. This type of dialysis can be done in any clean place and is in
many ways convenient for the patient who wants to stay at home and take
care of his /her own treatment.

6

Figure 4. Patient undergoing CAPD on a day trip. Published with
permission from the patient.

Patients on long time CAPD treatment are dependent on their residual
kidney function, for adequate dialysis. CAPD is a slow continuous form of
dialysis and is a treatment that involves less cardiovascular disadvantages
for the patients.

4.3

HEMODIALYSIS

Hemodialysis was introduced in 1960, and is a technique based on a
semipermeable membrane to extract toxic metabolites and extract excess
water and electrolytes. The semipermeable membrane has the blood flow
in one direction and the dialysate solution in the opposite direction. The
blood is purified and returned to the patient after filtration over the
membrane during a 4-5 hour session three times/week. Low-molecular
heparin is administered to the circulation of the dialysis machine to avoid
clotting. The most common side effect of hemodialysis treatment is a drop
in blood pressure due to a decrease of blood volume.

Figure 5. Hemodialysis treatment. Published with permission from the
patient.
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5 ORAL CONCERNS IN CHRONIC KIDNEY
DISEASE
5.1

AGE, SEX, NUTRITION, SOCIOECONOMIC FACTORS,
ORAL HYGIENE HABITS, SYSTEMIC DISORDERS, AND
IMMUNE RESPONSE

In many studies age and sex are referred to as strongly dependent factors
for oral health. A recent Swedish report has shown that higher age is
associated with higher DMFT index and more pronounced Loss of
attachment index 4. Earlier studies also show that being a male also
contributes to a worse oral health outcome 5. Oral health in CKD patients
is also dependent on behavioral and genetic factors. Studies on decayed
teeth, missing teeth, filled teeth, periodontitis, apical lesions, and mucosal
lesions describe various prevalences of these risk factors. The literature
gives contradictory results for CKD patients in the prevalence of decayed
teeth 1, 6. The prevalence of caries may also be a result of a lack of primary
defense, the medical condition, or medication in CKD patients. Medication
in particular affects salivary production and constitution 7 8. Reports of
different outcomes might also be a result of the duration on dialysis or
duration of kidney disease. Along with improved survival of the CKD
patients, caries may appear as a long-term side effect of medication with
antihypertensives, diuretics, and immunosuppressants, three of the most
important groups causing hyposalivation as one side effect. Other factors
would be failing oral hygiene and changing dietary habits due to chronic
disease. Studies have been performed on salivary constitution with higher
pH and buffering capacity in the oral cavity due to leakage of urea and
ammonia into the saliva of CKD patients.9 One report favors the
interpretation that balanced plasma urea in CKD patients may lead to more
problems in the oral cavity.9 Other factors such as decreased salivary
secretion rate, frequent sugar intake, and failing oral hygiene play more
pronounced roles in the pathogenesis of caries. When caries is established
and the lesion has become a cavity, bacteria invade the softer tooth
material deeper in the tooth tissue (Figure 6). The primary barrier of
hydroxyl apatite dissolves and a possibility is created for pathogens to
invade the pulpal tissue of the tooth. The pulpal inflammatory process
leads to an apical inflammatory reaction. To inhibit the bacterial and
salivary pellicle growth and stop progression of caries and cavity
formation, both endogenous and exogenous antibacterial systems are
necessary as well as sufficient mastication and improved oral hygiene
habits.
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Figure 6, CKD-5 patient
on hemodialysis. Lingual
mucosal changes due to
uremia, hyposalivation,
decayed and fractured
teeth, and periodontitis
with deep pocket
formation seen around
the front teeth.
The cause of periodontitis is still debatable, as is whether endogenous or
exogenous factors play the major role 10. A recent study with few patients
presents a correlation between CKD, CVD mortality, and periodontitis 11.
The authors suggest a larger study to confirm these results. Intervention
studies have shown a reduction in the systemic levels of CRP, IL-6, and
LDL cholesterol levels following periodontal treatment in CKD patients.
Some authors even speculate that survival rate in CKD groups might be
affected because of periodontal treatment. More research has to be done in
order to answer these questions.
Oral mucosal lesions appear as a result of both local and systemic
influence. The oral cavity is constantly exposed to various chemical
compounds through ordinary food intake, and alcohol, tobacco, and oral
hygiene habits. The mucosal barrier is strongly dependent on the
effectiveness of salivary mucins lubricating and moistening the epithelial
surface. The high turnover of epithelium cell lining and cell growth also
create an efficient protection against invasion of various pathogens.
Disturbances in the primary mucosal barrier or the innate immune system
create inflammatory reactions, and therefore wound healing might be
prolonged or abnormal. The first group of pathogens specialized in
mucosal invasion can be found in microbe families within the normal oral
flora. The second group consists of viral pathogens specialized on mucosal
invasion and are mainly Herpes, Cytomegalo, and Epstein-Barr viruses.
The third type of pathogen is the fungal family. The pathogenesis is not
fully understood, but a number of predisposing factors have the capacity to
convert pathogens like Candida albicans from the normal saprophytic stage
to a parasitic stage and the formation of hyphae.

9

Figure 7. Membraneous
candidiasis in hard and soft
palate.

Figure 8. Erythematous
candidosis resulting in atrophic
epithelium on the tongue

The Candida group of C. albicans, C. tropicalis and C. glabrata together
comprise more than 80% of the species isolated from the oral cavity
(Figures 7 and 8). Other frequently occurring species are Mucormycosis,
Histoplasmosis, and Blastomycosis. Diagnosis of oral fungal infection
(OFI) is easily done with PAS-stained smear layer technique to register
fungal hyphae. In order to verify different types of species, sample
collection with swab and culturing techniques is recommended.
CKD-patients have an increased risk of developing infections because of
their decreased immune-system response and incompetent cell-mediated
immunity. Other reasons are malnutrition and lack of vitamin D.
Immunosuppressants or corticosteroids also contribute to a higher risk of
opportunistic pathogens.
The oral biota includes many different microbes, of which most are
specialized for this specific environment. In a situation when the primary
barrier and the humoral defense fail, pathogens from the normal flora
initiate local, and in some cases even systemic diseases. Candida albicans
can colonize throughout the entire gastric tract and in the most severe cases
progress to a life-threatening septicemia.
The uremic state contributes to a tissue build-up of toxins and waste
products which, if untreated, affects the whole organism. Uremic
stomatitis, easily detected on the tongue surface, should be classified into
four types. The worst type presents epithelial necrosis, and other stages
involve a nonspecific inflammation 12. Figures 9-12 present different types
of uremic stomatitis on the dorsal surface of the tongue, and all types
involve a nonspecific inflammation.
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Figure 9. Woman with slight
atrophy of the filiform papillas,
CKD 4. Stage 1

Figure 11. Woman with
epithelial atrophy of the
tounge, CKD 5. Stage 3

Figure 10. Woman with lingual
fissures and epithelial atrophy
of the tongue, CKD 5. Stage 2

Figure 12. 60-year-old male
with epithelial atrophy and
necrosis, CKD 5 . Stage 4
Photo: Peter Lundholm

Urea retention and high plasma creatinine serve as a main explanatory
model. Over time many studies have been performed on reactive stomatitis
caused by CKD. Although the patients in Figures 10 and 11 are on regular
hemodialysis, signs are present of atrophy and cobblestone patterns
together with thin erythematous parts. It is important to differentiate these
mucosal lesions from those present when patients experience an
overgrowth of Candida albicans. This oral complication might be
explained by a high level of ammonium compounds in saliva and toxic
accumulation in epithelial tissue.

Socioeconomic reasons in combination with renal disease and oral diseases
must be taken into consideration 13, 10. Factors such as nutrition, type of
occupation, and giving priority to one’s health vary with different
11

socioeconomic backgrounds. Oral diseases caused by neglect of oral
hygiene are strongly related to socioeconomic factors 5.

5.2

ACIDOSIS AND RETENTION OF PROTONS

Acidosis occurs when the renal tubuli fail to excrete hydrogen ions and to
regenerate bicarbonate. An accumulation of protons consequently creates
the acidosis and this might be of clinical importance for the patient’s oral
status. An imbalance in the redox system is created, and signs of DNA
oxidative stress occur in blood cells and in endothelial tissue 14. The most
serious complication is a higher risk of coronary heart disease, as reactive
oxygen species (ROS) are created, causing endothelial inflammation and
lipid oxidation 15. The retention of protons contributes to create highly
toxic oxygen radicals such as superoxide, nitric oxide radical, and
hydroxyl radicals. The oxygen radicals, although short-lived, are believed
to create apoptosis in peripheral tissue. Normally saliva is slightly acidic
and presents a low release of bicarbonate when not stimulated. This
acidosis is found to increase the buffering capacity in saliva 9. In patients
with plasma retention of phosphate compounds, the buffering capacity of
saliva is expected to be additionally improved. One half of the nonbicarbonate salivary buffering capacity is due to the phosphate content 16.

5.3

UREA RETENTION

Urea excretion by the kidneys is a very efficient way to extract nitrogen
from the human body, as urea is highly soluble in water. The excretion of
urea also takes place in perspiration. A study on patients with renal failure
has described excretion of urea in saliva 9. The urea level in saliva is not
dependent on salivary secretion rates, but levels in plasma are shown to be
highly dependent on secretion rates. Morning urea levels in saliva are
found to be useful in differentiating healthy subjects from individuals with
an azotemic state 17.

5.4

HYPERTENSION

Blood pressure is strongly dependent on the age of the individual. Blood
pressure is regulated through the renin-angiotensin system and controlled
by the kidneys. In kidney failure the plasma level of renin is elevated.
Renin induces activation of angiotensin and consequently an activation of
aldosterone, which leads to retention of sodium, which leads in turn to
higher blood pressure. The activity of the sodium-pumping mechanism in
the salivary glands is also highly responsive to aldosterone. Consequently
a water-retaining process takes place in the secretory process of the
salivary glands, leading to higher protein content of the saliva. In this
situation the flow rate of saliva is negatively affected. Several publications
describe hyposalivation due to hypertension 18-20.
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5.5

CIRCULATORY AND PERIPHERAL OXIDATIVE DNA
LESIONS AND DNA DAMAGE

The intracellular function of the organism is highly dependent on a
reduced redox state and low levels of free oxygen radicals. The
metabolism of oxygen in the cell creates toxic substances called reactive
oxygen species (ROS). These species also occur in a higher amount as a
result of disturbed cell equilibrium, and as a result of inflammatory
processes and exogenous toxic influence. When retention of protons
occurs and endotoxins are retained within the organism, the redox balance
is changed from a reduced state to a process of oxidation. In the most
severe cases this leads to apoptosis of the exposed cells. The human body
can also be described as a number of compartments with different
sensitivity for ROS as a result of varying metabolic activity 21. Studies on
rats have shown that CKD induces oxidative DNA lesion injury in brain,
heart, lung, and kidney tissue, and there were also signs of oxidative DNA
lesions activating leukocyte apoptosis in the circulation. The authors
suggest that pro-inflammatory substances and neutrophil migration into the
tissue also lead to oxidant-produced tissue fibrosis 22. Oxidative DNA
lesions are furthermore proposed to be of interest in explaining
cardiovascular disease in CKD patients. Endothelial cell dysfunction
develops, caused by oxidative DNA lesions due to malnutrition and
inflammation 23-25. In the cell metabolism a number of protective enzymes
are active in neutralizing the toxic ROS species 26. The literature describes
three groups of antioxidants: superoxide dismutases, catalases, and
glutathione peroxidases. In these molecules trace elements such as copper,
zinc, and selenium play an important role. Several reports have presented
the activation of the redox system in saliva and production of superoxide
dismutase (SOD) 27. Reports presenting higher activation of SOD in saliva
as compared to plasma in CKD patients raise questions concerning the
inflammatory activity and stress on the gland tissue 27. In patients on
dialysis evidence of enhanced local disease might be explained through
this pathological process.

5.6

INFLUENCE OF PHARMACOLOGICAL AGENTS

CKD patients are exposed to a various number of pharmacological
substances to treat the renal disease. The pharmacological profile in CKD
patients comprises many substances that may contribute to oral side
effects. Patients on antihypertensives such as angiotensin-converting
enzyme (ACE) antagonists may experience hyposalivation, taste
disturbances, and gingival inflammation. ACE-antagonists and antacids are
also suspected of affecting the oral mucosa negatively. Calcium blockers
may lead to gingival hyperplasia in combination with bad oral hygiene,
and sedatives and antidepressants have hyposalivation as a common side
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effect. β-receptor antagonists are found to contribute to taste disturbances.
A majority of the drugs prescribed to CKD patients may have a side effect
of headache, which should make the physician aware of the risk of
misinterpreting symptoms of headache for infections in the teeth.
Furthermore there is a risk for cross-reaction with β-receptor antagonists
and local anesthesia used in the normal dental practice. Corticosteroids and
immunosuppressants are also frequently used to treat CKD patients, and
have a strong impact on hyposalivation and mucosal tissue.

5.7

INFLAMMATORY ONSET AND RESOLUTION

CKD-patients present inflammation as a complication of renal failure.
Other systemic diseases such as amyloidosis, rheumatoid arthritis, and
Sjögren’s syndrome may also lead to renal failure and cause more serious
complications. A description of some inflammatory markers and their
duration can be seen in figure 13. The enhanced inflammatory response
that occurs in most of the CKD patients may rapidly lead to serious
consequences. There is convincing evidence for specific genotypes, proinflammatory activity, malnutrition, and oxidative DNA lesions in CKD
patients, and these contribute to a poor prognosis.28 Two pro-inflammatory
markers are discussed in the literature to be Interleukine-6 (IL-6) and
Tumor necrosis factor-α (TNF-α). Enhanced levels of Interleukine-8 (IL-8)
are also presented as a risk factor, and enhanced levels of these cytokines
predict a greater risk for endothelial cell dysfunction and CVD.29
onset

resolution

Exsudation

30 min

Histamine
Serotonin
Bradykinin
Complement

Neutrophils

1h

3h

6h

Substance P
PAF
PGs
LTs

Apoptosis

24 h

TNF
IL-1
IL-8
LXs

Mononuclear
cells

48 h

MCP1
IL-6
IL-10

>70 h

CyPGs
BAX
p53
TGF
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Figure 13. A schematic
description of some
inflammatory markers
expressed in plasma
from onset to resolution
of inflammation.

6 AIMS OF THE THESIS
The objective of this thesis was to describe the CKD patients from a
dentist’s clinical point of view and to contribute to the development of new
knowledge about oral health in this patient group. From the CKD patients’
view the oral health becomes a main issue at a point when food intake
becomes a problem, and local pain from the mouth or mobile teeth caused
by periodontitis demand dentist consultations. By this time the patient’s
dental health has suffered greatly and dental treatment tends to become
more radical and in many cases very expensive. One contributing factor
for oral pathogenesis involves the salivary gland function.
The main aim was to evaluate how renal disease as one factor amongst
others might affect the oral health by affecting the salivary gland
metabolism. The examination of the salivary function included
inflammation, salivary constitution, and flow rate (mL/min). We also
wanted to find out how retention of waste products influenced the DNA
quality of the glandular parenchyma. Biopsies were taken for analysis of
DNA strain breaks and DNA oxidation. The DNA damage served as an
explanatory model for disturbances in gland metabolism.
The thesis was designed to investigate CKD patients in terms of:
• decayed, missing, and filled teeth
• the loss of tooth supportive tissue, long-term marginal
inflammation, and apical inflammatory processes
• oral mucosal lesions
• salivary constitution, whole protein content, flow rate, salivary
cytokines, and chemokines
• accessory salivary gland DNA strand breaks and DNA oxidation
Revision of the original study plan
We originally intended to study salivary constitution in CKD patients and
investigate antibacterial enzymes and glucoproteins as well as markers for
inflammation. After discussions with immunologists and in reviewing the
literature we found markers for inflammation to be of higher value, and
focused on them together with clinical data comparing histopathological
results from accessory gland tissue. This was originally planned as the
fourth article.
In the end the fourth article was changed to describe disturbances within
the salivary gland cell metabolism, which may serve as a model to explain
correlations with some oral diseases. We hoped to find factors to explain
hyposalivation in CKD patients. Studying DNA damage in addition to
other well known parameters for hyposalivation such as medication,
restricted liquid intake, and glandular atrophy should be of value in the
future.
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7 MATERIALS AND METHODS
7.1

PATIENTS AND STUDY PARAMETERS IN PAPER I,
INVESTIGATING ORAL HEALTH

Between 1998-2006 clinical data was collected to present the descriptive
part of the thesis. A total of 232 subjects were asked to participate. After
exclusion and drop-outs, 93 CRF patients and 93 age- and sex-matched
controls were investigated in order to describe the oral pathology. Sixty-six
percent were men.
The patients were recruited from the outpatient clinic and included
predialysis, peritoneal- and hemodialysis patients (CKD 4-5). The
inclusion criteria for predialysis patients (PRE) were an iohexol clearance
of <20 mL/min/1.73 m2 and age >18 years. Exclusion criteria were
language difficulties, psychiatric illness, mental retardation, malignancies,
and hepatitis infection.
Peritoneal dialysis patients (PD) or hemodialysis patients (HD) had been
on active treatment for six months or more.
126 patients were
included.
10 patients declined
participation

14 patients refused to
come after approval
102 patients started
the dental
examination
7 PRE patients declined
before completion of
examinations
2 PRE patients were
excluded because of a
clearance of >20
mL/min/1.73m2
93 patients,
(PRE 59, PD 19,
HD 15) completed
the examination

Figure 14. Drop-outs in Paper I.
Primary diseases causing renal failure were distributed, as seen in Table II.
The distribution is comparable to the distribution of primary diseases in the
Swedish National Register of Uremic Diseases, Svensk Njurmedicinsk
Förening.
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Diagnosis

Number of patients

(%)

Glomerulonephritis

21

23%

Pyelo- and Interstitial nephritis

13

14%

Hereditary (Polycystic kidney disease)

15

15%

Nephrosclerosis and Hypertension

14

15%

Diabetes mellitus

18

19%

Others

12

14%

Total

93

100%

Table II. Diagnoses in Paper I, according to “The Primary Renal Disease
Codes”

We measured teeth deterioration with the decayed, missing, filled teeth
index (DMFT), a well-established tool recommended by the World Health
Organization (WHO) for epidemiological oral health surveys.30 Teeth
registered as decayed, with an ongoing caries lesion, were detected
through visual clinical inspection as well as probing (Dentsply Maillefer,
Geneva, Switzerland) and by intraoral dental x-ray (Planmeca, Åbo,
Finland). The registered caries lesion on dental x-ray had to extend beyond
the dental enamel border of the hard tissue. Caries lesions in the enamel
registered on the x-rays were documented but not presented in the study.
The Loss of Attachment Index was used to measure periodontal disease
over time in order to explore whether periodontal disease had developed as
a result of CKD. Measuring the loss of attachment, we used a periodontal
probe (Hu-Friedy, Chicago, IL, USA). We included one incisor, No. 11,
and one molar, No. 16. The mesial length of the root surface was measured
in millimeters from the bottom of the gingival pocket to the enamel
cementum border. If the tooth was filled and the mesial enamel cementum
border was not detectable, the closest place on the tooth with an intact
border was used for estimation. When the Nos.11 and/or 16 teeth were
missing, the closest neighboring teeth were used. Any mucosal lesion
present was registered and notes were taken to describe the type of lesion.
Orthopantomographic x-rays were taken for all subjects to diagnose
chronic periapical dental infections, and changes in the oral mucosa tissue
were documented.
A panoramic x-ray was taken to detect any hard tissue pathology. We
registered signs of periapical inflammation. A periapical lesion was
detected when the periodontal ligament was twice the width or more
around the apex of the tooth. Detailed information about medication and
diagnosis was registered. Blood samples including high-sensitivity Creactive protein (hs-CRP) >0 mg/L were registered. Controls with a screatinine < 100 µmol/L were included.
The study was approved by the Regional Ethics Committee in Stockholm.
Informed consent was obtained from all subjects.
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7.2

PATIENTS AND STUDY PARAMETERS IN PAPER II,

INVESTIGATING ORAL FUNGAL INFECTION
During 2006 an additional investigation of the prevalence of oral fungal
infections was made in order to describe an opportunistic type of infection
and how it may correlate to dental plaque formation and mouth dryness.
This controlled descriptive study was designed to specifically evaluate the
prevalence of fungal growth in the oral cavity. Peritoneal dialysis patients
(n-34) and hemodialysis patients (n-59) were included. The patients were
asked to participate in the study on their regular visits at the Department of
Nephrology at Karolinska University Hospital.
Exclusion criteria were malignancies, active hepatitis, and antifungal or
antibiotic treatment. One hundred and one patients on dialysis >3 months
were invited to participate. We included 93 dialysis patients with a mean
age of 66 years (68% men). The patients were >18 years old and Swedishspeaking, and included 80 Caucasians, 11 Asians, and 2 Hispanics. The
controls were matched for age and sex with the patient group.

101 patients were
invited to participate

7 patients declined
because of personal
reasons

1 patient declined
because of heart
failure and intensive
care

93 patients completed
the examination

Figure 15. Patient drop-outs in Paper II.
The subjects were examined by a dental nurse who followed a standard
protocol procedure. Two sites were examined, one on each side of the
buccal mucosa. The samples were collected from the same area and
immediately smeared on glass slides.
The distribution of primary diagnoses causing renal failure in the patient
group is seen in Table III.
We registered visible dental plaque formation to define oral hygiene and
clinical signs of fungal infections such as erythematous oral stomatitis,
membranous candidiasis and angular cheilitis. A total of 93 dialysis
patients (HD, PD) were examined at the Dept. of Nephrology, Karolinska
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University Hospital. The prevalence of fungal infection was described
through a smear layer technique, stained with PAS and detected through
microscopy.

Two smear layers from each
indivividual were dried and fixed in
alcohol

Stained with PAS

186 x 2 slides were blinded and
investigated on two different occasions

Results from both blinded
investigations were matched. Twenty
percent of the slides had different
results and these slides were blinded a
second time.

372 slides were again investigated and
blinded, and differences were noted,
compared, and registered

Figure 16. Smear layer procedure, PAS stain and microscopy.
Diagnosis

Number of patients

(%)

Glomerulonephritis

18

19%

Pyelo- and Interstitial nephritis

5

5%

Polycystic kidney disease

10

11%

Nephrosclerosis and Hypertension

20

22%

Diabetes mellitus

24

26%

Others

16

17%

Total

93

100%

Table III. Diagnoses of CKD patients in Paper II.
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The samples were dried and stained with PAS stain for histo-pathological
analysis. The microscopy work was done blinded by the same person
(RT). The study was approved by the Regional Ethics Committee in
Stockholm. Informed consent was obtained from all subjects.

7.3

PATIENTS AND STUDY PARAMETERS IN PAPER III,

SALIVARY FLOW RATE, SALIVARY CONSTITUTION, AND
SIGNS OF INFLAMMATION
Patients with a clearance of <20mL/min/1.73m2 and dialysis patients in our
outpatient clinic were consecutively asked by a nephrologist to participate
in an assessment to analyze saliva constitution and secretion rate. The
predialysis (PRE) patients (n=40) were in a stable medical condition, and
patients on peritoneal dialysis (PD) (n=9) or hemodialysis (HD) treatment
(n=21) for more than six months were also recruited. A total of 140
subjects, all Caucasians, consisting of 70 CKD patients and 70 controls
matched for age and gender and with normal renal functions, were
included in the study. All patients were older than 18 years. Patients with
hepatitis and malignancies were excluded.
Diagnosis
Glomerulonephritis
Nef rosclerosis
Pyelo- and Interstitial nephritis
Hereditary renal diseases
Diabetes mellitus
Others
0

5

10

15

20

25

30

%

Figure 17. The primary diagnosis causing renal disease in CKD patients,
Paper III.
The mean age was 62 years, and 70% were men. The age and gender
distribution reflected data from the Swedish National Register of Uremic
Diseases (SRAU) 1991-2007 (http://www.medscinet.com/snr/).
The controls were referred to this study from their Public Dental Service
Clinic in Sollentuna municipality and consecutively chosen from the
clinic’s patient data files. Controls were screened for s-creatinine, and
individuals with elevated levels of creatinine (>100µmol/L) were
excluded.
Ethical approval for the study was obtained from the regional Ethics
Committee for Human Research at Karolinska Institutet, following the
Helsinki Declaration of 1975. The patients were informed orally as well
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as by a written letter, and a written informed consent was obtained from
each subject.
Collection of submandibular/sublingual saliva from 70 CKD patients and
from age-and sex-matched controls was performed to investigate changes
in the salivary contents. A modified Carlson-Crittenden cup was used as
a suction device, and secreted saliva from Wharton´s ducts was collected
into a 20 mL syringe. For the saliva analysis we used the Luminex
fluorescence technique to detect cytokines such as interleukines (IL) IL1beta, IL-6, IL-8, IL-10, interferon-gamma (INF-γ), monocyte
chemotactic protein 1 (MCP-1), tumor necrosis factor-alpha (TNF-alpha)
and intercellular adhesion molecule-1 (ICAM-1). We also analyzed the
total amount of protein in the saliva with a protein assay.

Figure 18. Sample collection of
sublingual / submandibular
saliva.

Figure 19. Equipment for sample
collection.

For 20 patients the concentration of cytokines in the saliva was either not
available or out of range as described by the Luminex system. For the “not
available” samples the reading of the concentration failed, because of a
technical bias. The “out of range” data described a value beyond the
reference concentrations as measured for each test kit.

Figure 21. The multiwell
microplate used for preparation
of samples.

Figure 20. The Luminex machine
used for fluorescence detection of
inflammatory proteins.
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All appointments were conducted in the morning and immediately before a
dialysis treatment to avoid fluctuation in secretion due to effects of
dialysis31. Collections of samples for this study were made simultaneously
with assessments in Paper I. The salivary flow rate was extremely low or
close to zero for 3 CKD patients, which made it impossible to collect these
samples. Twenty patients in paper I were examined before an additional
procedure of saliva collection form the submandibular/sublingual glands.
Salivary flow rate (mL/min) was measured to determine both flow rate at
rest and stimulated. Salivary flow rate at rest was measured according to
the drooling method. The patient was instructed not to eat or smoke for at
least one hour before the assessment and to rest for ten minutes
immediately before testing. The patient was placed in a sitting position,
leaning the elbows on each knee. The funnel and test tube were held with
both hands and all saliva secretion was collected for 15 minutes without
masticatory movements. Stimulated saliva was collected using a piece of
paraffin for the patient to chew. All saliva secreted during chewing was
collected for five minutes in a funnel and test tube. Both amounts were
measured according to the test-tube markers of 0.1 mL.

7.4

PATIENTS AND STUDY PARAMETERS IN PAPER IV,

DNA DAMAGE IN SALIVARY GLANDS
In this controlled observational study, we investigated 79 CKD patients, of
whom 10 were predialysis CKD patients (GFR <20 mL/min/1.73 m2), 69
hemodialysis (HD) and peritoneal dialysis (PD) patients. In addition, 79
age- and sex-matched healthy controls to the CKD patients were analyzed.
The approach was to measure the levels of DNA strand breaks and
oxidative DNA damage in salivary glands by the Comet assay. Patients
with CKD are found to present a higher degree of oxidative DNA lesions
in circulation, and other tissues may also be affected 28. The potential
influence on DNA damage by factors such as salivary excretion rate (at
rest and stimulated), inflammation (IL-6 in saliva, high-sensitivity Creactive protein, orosomucoid in plasma, haptoglobin and leukocyte
particle concentration), s-urea and s-creatinine, s-albumin, hemoglobin,
gender, age, smoking and diabetes were investigated. All appointments
were before noon and immediately before a dialysis treatment to avoid
fluctuation in secretion due to effects of dialysis 31. During the inclusion
period, 158 samples of accessory salivary glands were collected from both
CKD patients and controls.
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Figure 22. Incision over an accessory
gland after local anesthesia.

Figure 23. Debridation to collect
an accessory gland.

The samples were immediately frozen at -70 °C for later analysis of DNA
strand breaks and oxidative DNA lesions. The technique available, single
cell gel electrophoresis (SCGE), is also called the Comet assay, and
measures DNA single strand breaks and incomplete excision repair sites,
alkali labile sites, and cross-linking of the DNA. The results from the
measurements in the gland tissues were correlated to findings in blood and
in salivary flow rate. The results are correlated to data on low grade
inflammation in blood and contribute to new knowledge in the salivary
gland response in CKD patients.

Figure 24. The results of released cell nucleus
DNA after electrophoresis. Fluorescentmarked pieces of DNA migrating from the
point of the nucleus to the right in the picture.

7.5

STATISTICAL METHODS

Student’s t-test was used in Papers I and III to determine differences
between groups where the scaling terms are known. The linear model was
used in analysis of variance of oral health data such as the decayed,
missing, filled teeth index, the loss of attachment index, periapical lesions,
and mucosal lesions. Investigating the salivary cytokines in Paper III, we
found it necessary to first calculate the natural logarithm of all data in
order to achieve a normal distribution.
Fisher’s exact test was used in Paper II since the present data was
categorical. Paper II investigated presence or absence of oral mycositis.
The Mann-Whitney test for matched pairs was used in Paper IV to
compare the two groups, as the data was found not to be normally
distributed evaluated with Shapiro Wilk’s test. The Spearman’s rank
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coefficient of correlations was used to compare two variables not normally
distributed to factors possibly influencing the outcome in four different
patient groups (Paper IV).
A multiple linear regression analysis was made in Paper I and Paper III to
evaluate the importance of independent variables. A multiple logistic
regression analysis was made in Paper II in order to achieve an odds ratio
of different independent categorical variables.
In Paper IV a multivariate nonparametric quantile regression analysis was
used to investigate the independent variables that reflect the first and the
fourth quantile instead of mean values. This statistics made it possible to
evaluate non-parametric dependent variables.
The level of p < 0.05 was used for statistical significance in all papers.
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8 RESULTS
8.1

PAPER I

The first paper presents a significant difference in oral status comparing 93
(CKD 4-5) patients to healthy controls. We included predialysis (PRE)
patients with a clearance of <20 mL/min/1.73m2, patients on continuous
ambulatory peritoneal dialysis (PD), and hemodialysis (HD) patients. The
controls had a mean s-creatinine of 78.7 µmol/L and a mean CRP of 3.3
mg/L. We found that CKD patients had worse oral outcomes in
comparison with their controls.
We investigated DMFT, defined as caries, loss of teeth, and filled teeth.
Loss of attachment was measured as the accumulated periodontal
destruction, and periapical lesions and mucosal lesions were registered to
describe infections that contribute to a local chronic inflammation. The
subgroups PRE and HD patients showed a significant difference compared
to controls as regards higher DMFT and more loss of attachment.
On average, CKD patients had a higher DMFT (∆3.3; p=0.003), more loss
of attachment (∆0.9; p=0.00002), and more periapical (∆0.6; p=0.017) and
mucosal lesions (∆0.08; p=0.02) than controls.
N
Mean
S.D.
P-value
Decayed Teeth CKD
93
1.60
2.12
controls
93
0.57
1.25
0.00006
Table IV. Mean value for decay in CKD patients and controls compared
with Student’s t test

DMFT
Mean

30

*

**

25
20
15

Decayed
Missing
Filled Teeth,
CKD
Decayed
Missing
Filled Teeth,
Control

10
5
0
PRE

PD

HD

Figure 25. Mean DMFT in predialysis, peritoneal dialysis and
hemodialysis patients compared to controls, using Student’s t-test.
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Loss of attachment
Mean (mm)
4,5
4
3,5
3
2,5
2
1,5
1
0,5
0

**

**

Loss of
attachment,
CKD
Loss of
attachment,
Control

PRE

PD

HD

Figure 26. Mean loss of attachment in predialysis, peritoneal dialysis and
hemodialysis patients compared to controls, using Student’s t-test.

Periapical lesions

**

1,6
1,4
1,2

**

1

Peri-apical
lesions uremia

0,8
0,6

Peri-apical
lesions Control

0,4
0,2
0
PRE

PD

HD

Figure 27. Mean of periapical lesions in predialysis, peritoneal dialysis
and hemodialysis patients compared to controls, using Student’s t-test.

Mucosal lesions
Mean

0,25

*

0,2

Mucosal
lesions, CKD

0,15

Mucosal
lesions, Control

0,1
0,05
0
PRE

PD

HD

Figure 28. Mean of mucosal lesions in predialysis, peritoneal dialysis and
hemodialysis patients compared to controls, using Student’s t-test.
* = p-value 0.05-0.01, ** = p-value 0.009-0.001
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Clinical findings of decayed teeth in the PRE, PD, HD patient groups and
controls are shown in Table IV and Figures 25-28. Comparing the
subgroups, PRE and HD patients had significantly higher DMFT values
compared to matched controls. Loss of attachment was also slightly higher
in PRE and HD patients and there were significantly more periapical
lesions present in PD and HD patients, compared to controls.

Multivariate regression analysis
We also found that CKD remained a significant indicator for oral diseases,
independent of age, sex, smoking, and diabetes. Furthermore, by adjusting
for predictors such as age, sex, tobacco use, PD, HD, and diabetes we
could explain 52% of the oral disease outcomes.
Age was the only covariate that was significant for all outcomes except
mucosal lesions, showing that dental status becomes worse with increasing
age independently of CKD, mode of dialysis, sex, smoking, and diabetes.
Older uremic patients and controls had fewer teeth than their younger
counterparts. On average, being two years older was associated with
having one tooth less.
Even after adjustment for age and other potential confounders, CKD
patients had 0.2 fewer teeth compared to controls. In all patients and
controls we found an increase of 0.7 DMFT for each extra year of age and
CKD patients showed an average of 0.2 more DMFT compared with the
controls. When we compared CKD patients to controls, adjusting for all
potential confounders, there was an increase in loss of attachment for CKD
patients of 0.3 mm (Table V).
DMFTa
Predictor
CKD/controls
Age (years)

β

P-value

0.16
0.72

0.02
0.0001

Sex
-0.10 0.05
Smoking
0.13
0.02
Hemodialysis
0.14
0.01
Peritoneal dialysis
0.13
0.02
Diabetes
0.11
0.04
Adj. R2
52.4%
a
Decayed, missing, filled teeth index
b

Loss of Ab
(mean)
β
P-value
0.29
0.40

0.0001
0.0001

0.14
0.04
0.10
0.12
0.02
0.99
-0.67
0.50
0.03
0.71
26.7%

Periapical
Mucosal lesions
lesions
β
P-value
β
P-value
0.18
0.30

0.02
0.0001

0.11
0.11
0.06
0.36
0.12
0.09
0.01
0.86
0.12
0.09
14.5%

0.19
0.00

-0.10
0.18
-0.05
0.50
0.11
0.17
0.12
0.15
-0.02
0.77
2.7%

Loss of attachment

Table V. Linear multiple regression analysis investigating differences
between CKD patients and controls regarding oral outcomes, with
adjustment for multiple potentially confounding factors. Female, nonsmoking, non-diabetic, predialysis, and control patients were the reference
categories. The β-value estimates the difference of the outcome comparing
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0.02
0.97

measured category to the reference category. For every one unit of
increase, the outcome increases or decreases by the β-value on average,
after adjustment for remaining factors. The adjusted R2 is used as a
measure of model fit. It shows how much (in %) of the variation in the
outcome is explained by a variation in the chosen predictors.
8.2

PAPER II

The second paper describes the prevalence of oral fungal infection (OFI) in
93 PD and HD patients. We found a high prevalence (32%) of OFI and a
significant correlation between self-experienced mouth dryness and fungal
infection. We showed that it is six times more common to present OFI if a
visible dental plaque is present, and that OFI is four times more common if
the patients report mouth dryness. Clinical signs of fungal infection were
found to be strongly questionable as diagnostic criteria and we failed to
find correlations between OFI compared to inflammatory parameters and
medication. The controls had a mean s-creatinine of 73.2 µmol/L and a
mean CRP of 2.9 mg/L.
Thirty-two percent (30/93) of the PD and HD patients and 11% (5/45) of
the controls had ongoing fungal infection in their oral cavities (p=0.01).
Eight percent (3/34) of the PD patients and 17% (10/59) of the HD patients
were affected by extensive growth of hyphae.
Cross-tabulation of variables
The distribution of OFI, clinical signs of oral fungal infection, dental
plaque formation, and self-experienced mouth dryness in PD and HD
patients and controls are seen in Figure 29.
80
70
60
50

CTR

% 40

PD

30

HD

20
10
0
Fungal
infection

Clinical signs Dental plaque
of OFI

Xerostomia

Figure 29. The prevalence of oral fungal infection, clinical signs of oral
fungal infection, dental plaque formation, and self-experienced xerostomia
in controls, peritoneal dialysis patients, and hemodialysis patients.
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80

*

70

**

60
50
% 40

OFI

**

No OFI

30
20
10
0
Clinical
signs

Dental
plaque

Mouth
dryness

Tobacco

Gingivitis

Taste
disturbance

Figure 30. Cross-tabulation of oral fungal infection (OFI) with six
predictors investigating ESRD patients, p-value calculated using Fisher’s
exact test.
* = P-value <0.05
** =P-value<0.01
ESRD patients with insulin-dependent diabetes presented fungal hyphae
in 35% of the cases (9/26). A significant correlation between OFI and
mouth dryness was found (Figure 30). We found poor oral hygiene in 62%
of the ESRD patients and 38% of the controls, defined as visible dental
plaque formation. OFI was not found to be dependent on age. Investigating
the subgroups PD and HD patients, we found a significant difference with
more OFI in the HD patients presenting dental plaque (p-value<0.001) in
comparison with HD patients without dental plaque, using Fisher’s exact
test.
Clinical signs defined as oral lesions associated with fungal infection,
membranous candidiasis, erythematous oral stomatitis, and angular
cheilitis were present in 15% of the ESRD group (n=14) but not in the
control group.
Logistic regression analysis
All subjects, both controls and ESRD patients, with self-experienced
mouth dryness were more likely to have OFI, with an odds ratio of 2.9
(p=0.02). HD patients with mouth dryness were more likely to have OFI,
with an odds ratio of 4.5 (p=0.02) (Table VI).
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Controls and ESRD patients (n=138)
Variables

odds ratio

95% C.I.

P-value

HD patients (n=59)
odds ratio

95% C.I.

P-value

Sex, female vs. male

1.0

0.39

2.74

0.954

2.1

0.64

7.11

0.220

Dental plaque

2.1

0.81

5.24

0.128

2.5

0.81

7.58

0.111

Mouth dryness

2.9

1.16

7.37

0.023

4.5

1.23 16.55

0.023

Table VI. Multiple logistic regression analysis investigating fungal
infection as a dependent variable in two groups. Sex, dental plaque, and
self-experienced mouth dryness are independent variables.

8.3

PAPER III

The third paper presents data on saliva samples from the sublingual and the
submandibular glandules in 70 CKD patients (40 predialysis patients and
30 PD, HD patients) and controls. The controls had a mean s-creatinine of
79.0 µmol/L and a mean CRP of 3.4 mg/L.
We found a significant increase in IL-10 and s-ICAM-1 in the CKD
patients compared to controls. Increased concentrations of IL-1β and IFNγ were found in patients with dental apical lesions and increased
concentration of IL-10 was found in patients with periodontitis and in
smokers. IL-8 is secreted from macrophages and endothelial cells and
increasing levels of IL-8 suggest activation of the innate immune response.
IL-10 is produced primarily by monocytes and to a lesser extent by
lymphocytes, and is suggested to play a role in inflammatory regulation
and prolong survival and proliferation of B-cells. It therefore contributes to
antibody production. IL-1β and IFN-γ are described as important markers
for acute phase response.
The use of Luminex technology provided us with high-sensitivity data of
local glandular processes from small sample sizes. A comparison of
cytokine levels between CKD patients and controls is demonstrated in
Table VII. Patients with CKD had a higher total concentration of SM/SL
salivary protein content (p=0.002) compared to controls. IL-10 (p=0.02)
and the soluble form of the adhesion molecule s-ICAM-1(p=0.04) were
upregulated in CKD patients. The differences in the ratios IL-6/IL-10
(p=0.001) and TNF-α/IL-10 (p=0.003) describe the relations to onset and
resolution of inflammation between CKD patients and controls. There was
no statistical difference for the remaining set of cytokines.
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Mean
Protein

IL-1β

IL-6

IL-8

IL-10

IFN-γ

MCP-1

TNF-α

s-ICAM-l

CKD
Control

N
66
69

(pg/mL)
1.24x106
0.72x106

Mean (ln)
-0.18
-0.67

SD
0.87
0.95

CKD
Control

70
70

8.57
11.90

1.01
0.85

1.67
1.65

0.6

CKD
Control

70
70

14.40
12.61

1.72
1.69

1.54
1.41

0.9

CKD
Control

70
70

33.09
21.54

2.93
2.80

1.04
0.84

0.4

CKD
Control

69
70

8.38
4.26

1.07
0.42

1.55
1.57

0.02

CKD
Control

70
70

108.36
101.87

3.56
3.22

1.71
1.91

0.3

CKD
Control

70
70

33.81
30.67

3.06
3.11

1.04
0.86

0.8

CKD
Control

70
70

54.60
193.49

2.94
2.99

1.71
1.88

0.9

CKD
Control

70
70

523.28
333.61

5.61
5.12

1.20
1.52

0.04

p-value
0.002

Table VII . Submandibular/sublingual salivary protein (µg/mL) and
cytokine levels (ρg/mL) in CKD patients and controls. Concentrations are
calculated using the natural logarithm to achieve normal distribution
presented with mean values and standard deviations (SD).
Classification of salivary secretion rate according to the reference intervals
of Ericsson and Hardwick for resting and stimulated whole saliva is set to
0.25-0.35 mL/min (mean 0.3 mL/min) and 1-3 mL/min (mean 1.5
mL/min), respectively 32, 33. We found lower mean levels of stimulated
secretion rates in the CKD group. The stimulated secretion rate was
significantly lower in both predialysis (PRE) patients, 1.6 mL/min (p=
0.02) and in the dialysis group, 1.3 mL/min (p=0.03) as compared to
controls, 1.9 mL/min. In the total CKD group 70% had <0.3 mL/min in
salivary secretion rate at rest and 30% had <1.5 mL/min in stimulated
secretion rate. The corresponding numbers for the controls were 65% and
13%, respectively. No significant difference was registered between CKD
patients and controls for non-stimulated secretion rate (Table VIII).
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PRE
Control

(n)
40
40

PD,HD
Control

30
30

Non-stimulated saliva
Stimulated saliva
Mean
SD
p-value Mean
SD p-value
0.3
0.20
1.6
0.82
0.3
0.28
0.51
2.1
0.85
0.02
0.2
0.3

0.22
0.19

0.45

1.3
1.9

0.73
1.25

0.03

Table VIII. Mean salivary secretion rates (mL/min) in predialysis (PRE),
Peritoneal dialysis (PD), and hemodialysis (HD) patient and controls.

Salivary content of protein and cytokine levels in all subjects with
hyposalivation compared to subjects with a salivary secretion at rest >0.3
mL/min and stimulated salivary production >1.5 mL/min is presented in
Table IX. The concentrations of IL-8, (p=0.04) as well as s-ICAM-1
(p=0.05) were higher in subjects with stimulated salivary secretion rates
(<1.5 mL/min), compared to all subjects with a stimulated secretion rate of
>1.5 mL/min.

(n)
Protein
IL- 8
IL-10
s-ICAM-1

91
95
94
91

Non-stimulated salivary secretion rate
Mean
SD
P-value
-0.37
2.91
0.73
5.44

0.91
0.99
1.57
1.36

0.3
0.4
0.9
0.4

(n)
54
57
56
57

Stimulated salivary secretion rate
SD
P-value
Mean
-0.41
3.07
0.96
5.65

1.06
1.01
1.52
1.17

Table IX. Levels of salivary protein (µg/mL) and selected cytokine
concentrations (ρg/mL) in patients and controls with hyposalivation.
Concentrations calculated using the natural logarithm to achieve normal
distribution presented with means and standard deviations. Subjects had a
non-stimulated secretion rate <0.3 mL/min and a stimulated secretion rate
of <1.5 mL/min compared to subjects with normal rates.

Levels of salivary proteins and cytokines adjusted for confounding factors
such as age, sex, CKD, diabetes, tobacco use, non-stimulated secretion rate,
and stimulated secretion rate are presented in Tables X and XI. The
increased value of salivary protein content (p=0.003) and s-ICAM-1
(p=0.05), in CKD patients were significant compared to controls (Table X).
Moreover, the ratio TNF-α/IL-10 (p= 0.01) as well as IL-6/IL-10 (p=
0.003) were significantly decreased in CKD patients compared to controls
(Table XI). Tobacco use increased IL-10 and decreased the ratio of
IL8/IL10 and IL-6/IL-10. The level of MCP-1 (p=0.01) was significantly
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0.9
0.04
0.2
0.05

lower when comparing CKD patients and controls with a salivary secretion
rate at rest <0.3 mL/min to all other subjects (Table X), adjusting for all
other confounding factors.

Age
Sex
CKD/CTR
Diabetes
Tobacco
Non-stim saliva*
Stim saliva**
Adjusted R2

Protein
p-value
β
-0.05
0.58
-0.07
0.46
0.28
0.003
-0.01
0.94
-0.02
0.80
-0.02
0.84
-0.03
0.72
3%

IL-10
β
p-value
-0.02
0.79
0.10
0.26
0.16
0.07
0.07
0.46
0.18
0.04
-0.08
0.36
0.07
0.44
5%

ICAM-1
β
p-value
0.16
0.06
0.04
0.63
0.17
0.05
-0.11
0.23
0.04
0.61
0.06
0.48
0.13
0.16
4%

MCP-1
β
p-value
0.11
0.21
0.02
0.84
-0.07
0.46
0.11
0.25
0.01
0.93
-0.23
0.01
0.10
0.27
1%

Table X. Linear regression analysis of salivary protein and cytokine
concentrations as main outcomes in all subjects. Independent variables
are age, sex, chronic kidney disease (CKD) vs controls (CTR), diabetes,
tobacco, salivary secretion rates (mL/min).
* = Non-stimulated saliva <0.1mL/min vs. >=0.1mL/min.
** = Stimulated saliva <1.5 mL/min vs. >=1.5mL/min.

IL-8/IL10
Age
Sex
CKD/CTR
Diabetes
Tobacco
Non-stim saliva*
Stim saliva**
Adjusted R2

p-value
0.21
0.22
0.11
0.51
0.04
0.33
0.75

β
0.11
-0.11
-0.14
-0.06
-0.18
0.09
0.03
4%

TNFα/IL-10
Β
p-value
-0.08
0.37
-0.03
0.72
-0.23
0.01
-0.07
0.46
0.02
0.79
0.06
0.51
-0.03
0.75
3%

IL-6/IL-10
Β
p-value
-0.06
0.47
-0.09
0.28
-0.26
0.003
0.03
0.76
-0.21
0.01
0.01
0.92
-0.01
0.89
9%

Table XI. Linear regression analysis of salivary protein and cytokine
concentrations as main outcomes in all subjects. Independent variables
are age, sex, chronic kidney disease (CKD 4-5) vs controls (CTR),
diabetes, tobacco, salivary secretion rates (mL/min).
* = Non-stimulated saliva <0.1mL/min vs. >=0.1mL/min.
** = Stimulated saliva <1.5 mL/min vs. >=1.5mL/min.

8.4

PAPER IV

This paper investigates how DNA damage in salivary glands influences
salivary secretion, and furthermore evaluates how other factors correlate to
DNA damage of salivary glands. Seventy-nine CKD-patients were
investigated, 10 predialysis and 69 HD or PD patients. We found no
significant correlation of less strand breaks and hyposalivation in CKD
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patients compared to controls. When we investigated independent
variables in a nonparametric regression analysis we found salivary
secretion rate at rest to be significantly (P<0.05) correlated to DNA strand
breaks.

70

**

*

60
50
40
30

PRE

20

PD+HD

10
0

DNA strand breaks
(% of DNA in tail)

Leucocyte
particle cons.
(109/L)

Figure 31. Comparison of the difference between Predialysis- (PRE) and
Peritoneal- (PD) + Hemodialysis- (HD) patients ( Mann- Whitney).
* P<0.05, **P<0.001.
The predialysis patients had significantly higher levels of DNA strand
breaks , leukocyte particle concentration and urea compared to the dialysis
patients (Figure 31).
DNA strand breaks in salivary glands were significantly higher (P < 0.05)
in the predialysis group (n=10) compared to sex- and age-matched
controls. In contrast, dialysis patients (n=69), had a significantly lower (P
< 0.001) level of strand breaks compared to matched controls (Table XII).
Thus, the predialysis CKD patients had a significantly higher level of
strand breaks (P < 0.001) compared to the dialysis patients. No statistically
significant differences were observed in oxidative DNA lesions between
CKD patients and controls.
Salivary secretion rates, stimulated and at rest, were significantly lower (P
< 0.001) in the dialysis patients compared to the matched controls (Table
XII). In addition, the dialysis patients had a significantly lower salivary
secretion rate, both stimulated (P < 0.05) and at rest (P < 0.01), compared
to the predialysis patients.
Salivary secretion rates were not significantly correlated to either DNA
strand breaks or oxidative DNA lesions (Table XIII).
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Dialysis patients
Median Mean (min-max) n
63
62
(25-87) 69

Age (years)
DNA damage
DNA strand breaks (%DNA in tail)
Oxidative DNA lesions (%DNA in tail)
Salivary secretion
Secretion rate at rest (mL/min)
Secretion rate, stimulated (mL/min)
Inflammation parameters
IL-6 in saliva (pg/L)
hs-CRP (mg/L)

5.3
7.6

5.6
8.4

0.1
1.1

0.1
1.1

15.1
4.5

Orosomucoida in plasma (g/L)

Matched controls
Median Mean (min-max) n
62
63
(35-89) 69

(3.4-13.2) 59
(1.4-24.2) 59

Sign.
0.821

8.3
8.2

8.8
8.6

(4.7-18.4) 66
(0.9-16.7) 66

***
0.515

68
68

0.2
1.7

0.3
1.8

(0-1.4) 69
(0.3-5.2) 69

***
***

40.4
8.5

(0.2-154.5) 5
(1.0-77.0) 68

5.5
2.0

12.9
3.4

(0.2-91.5) 53
(1.0-33.0) 68

0.383
***

(0-0.5)
(0-2.5)

0.9

1.0

(0.4-2.2) 67

0.8

0.8

(0.4-1.2) 68

***

Haptoglobin in plasma (g/L)

1.2

1.2

(0.1-2.6) 67

1.1

1.1

(0.2-2.4) 68

0.308

Leukocyte particle concentration (LPC) (109/L)
Albumin in serum (g/L)

6.9
35

7.1
35

(1.8-14.6) 69
(27-44) 68

6.1
39

6.6
39

(4.2-14.0) 69
(32-46) 69

0.059
***

Urea in serum (mmol/L)
Creatinine in serum (µmol/L)
Hemoglobin in blood (g/L)

20.5
716
125

21.7
730
123

(13.3-46.4) 69
(271-1333) 69
(91-156) 69

5.8
78
146

6.0
79
146

(3.6-11.2) 67
(48-118) 69
(112-168) 67

***
***
***

b

Table XII. General characteristics for the dialysis patients and matched
controls and differences between the groups (Mann-Whitney)
ab
Markers for acute phase inflammation in plasma.
* P < 0.05, ** P < 0.01, *** P < 0.001

CKD patientsa
Corr. coeff. Sign.

Predialysis CKD patiens
n

Corr. coeff. Sign.

n

Dialysis patients
Corr. coeff. Sign.

Controls
n

Corr. coeff. Sign.

n

Characteristics
Age (years)

-0.045

0.712 69

0.147

0.691 59

0.126

0.28

75

0.013

0.914 69

0.724

0.686 10
*,e
10

0.053

Sex

-0.01

0.943 59

0.087

0.461

75

Smoking

0.064

0.604 69

0.306

0.391 10

0.072

0.587 59

-0.154

0.187

75

Diabetes Mellitusb

0.109

0.372 69

-0.175

0.629 10

0.102

0.444 59

-0.18

0.123

75

Salivary secretion rate at rest (mL/min)

0.224

0.066 68

-0.091

0.802 10

0.066

0.622 58

0.008

0.947

74

Salivary secretion rate, stimulated (mL/min)

0.141

0.25

-0.015

0.967 10

0.018

0.896 58

-0.11

0.352

74

IL-6 in saliva (ρg/L)

-0.068

0.817 14

0.3

0.433

9

-0.8

0.104

-0.016

0.905

57

hs-CRP (mg/L)

0.007

0.955 68

-0.092

0.8

10

0.029

0.828 58

0.079

0.504

74

Orosomucoidc in plasma (g/L)

-0.012

0.921 66

-0.431

0.286

8

-0.108

0.421 58

-0.093

0.429

74

Haptoglobind in plasma (g/L)

0.135

0.28

66

-0.422

0.298

8

0.065

0.626 58

0.139

0.236

74

Leukocyte particle concentration (LPC) (109/L)

0.023

0.852 69

-0.304

0.393 10

-0.089

0.503 59

-0.169

0.146

75

Albumin in serum (g/L)

0.031

0.801 68

0.33

0.351 10

-0.13

0.33

58

-0.063

0.591

75

Salivary secretion
68

Inflammation parameters
5

Urea in serum (mmol/L)

0.096

0.432 69

-0.176

0.626 10

0.015

0.913 59

-0.185

0.118

73

Creatinine in serum (µmol/L)

0.004

0.977 69

-0.061

0.868 10

0.108

0.414 59

-0.013

0.913

75

Hemoglobin in blood (g/L)

0.091

0.455 69

-0.04

0.913 10

0.155

0.24

-0.294

*

73

59

Table XIII. Factors influencing the level of DNA strand breaks in all
patients, predialysis patients, and dialysis patients (Spearman
correlations).
a
All CKD patients, b Insulin-dependent, c d Markers for acute phase
inflammation in plasma, e Women significantly higher than men.
* P < 0.05
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There was a highly significant correlation between the salivary secretion
rate at rest and the stimulated salivary secretion rate, both in the CKD
patients (corr. coeff. = 0.600, P < 0.001, n = 78) and in healthy controls
(corr. coeff =0.512, P < 0.001, n = 78).
Salivary secretion rate at rest was the only parameter that significantly (P <
0.05) predicted the level of strand breaks in CKD patients in the
multivariable quantile regression model (Table XIV).
Inflammatory parameters
IL-6 in SM/SL saliva was only measured in 14 CKD-patients. The
concentration of IL-6 in SM/SL saliva was higher in dialysis patients than
in controls, but these differences were not significant (Table XII). The
inflammatory parameters hs-CRP and orosomucoid were significantly
higher in both predialysis patients and dialysis patient compared to their
respective matched controls. The leukocyte particle concentration was
higher in both dialysis patients and predialysis patients compared to their
respective control groups, although this difference did not reach
significance. The predialysis patients had a significantly higher leukocyte
particle concentration compared to the dialysis patients (P < 0.05). The salbumin concentration was significantly lower in the dialysis patient
compared to their matched controls (P < 0.001), (Table XII).

Multivariate nonparametric quantile regression
We found the DNA strand breaks and oxidative DNA lesions variables to
be non-normally distributed. In order to evaluate how these variables were
influenced by independent variables such as age, sex, salivary secretion at
rest (mL/min), high-sensitivity CRP, and s-creatinine a quantile regression
model was used. We found that salivary secretion at rest in the CKD
patients predicted the level of DNA strand breaks.
a

Age
Sex
Salivary secretion rate at rest (mL/min)
hs-CRP (mg/L)
Creatinine in serum (µmol/L)

Estimate
-0.31
0.45
2.09
0.21
0.36

CKD patients (n = 68)
Healthy controls (n = 73)
95% confidence interval
95% confidence interval
Lower
Upper Sign.
Estimate
Lower
Upper Sign.
-0.05
0.04 0.771
1.22
-0.03
0.13 0.228
-1.04
1.64 0.653
0.26
-2.12
2.75 0.798
0.16
6.83
*
0.04
-3.98
4.14 0.969
-0.03
0.04 0.832
2.36
0.03
0.34
*
-0.002
0.003 0.717
-0.45
-0.10
0.06 0.655

Table XIV
Multivariate nonparametric quantile regression analysis with strand
breaks as dependent variable
a
All CKD patients.
* P < 0.05.
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Women on dialysis were found to have a significantly higher (P < 0.01)
level of oxidative DNA lesions compared to men. The same pattern was
observed when we looked at the total CKD patients. The level of strand
breaks was also significantly higher (P < 0.05) among women compared to
those among men in the predialysis CKD patients (Table XIII). However,
no significant contribution of the sex factor remained in the multivariate
quantile regression models. None of the factors of age, smoking, or
diabetes were significantly related to DNA strand breaks or oxidative
DNA lesions in any of the models.
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9 GENERAL DISCUSSION
9.1

ASPECTS ON ORAL HEALTH, PAPER I

In the first paper we investigated how oral health is affected in CKD patients
compared to age- and sex-matched controls. One explanation of why the literature
is contradictory in this aspect is that different reports investigate CKD groups in
different GFR levels 6, 34-36. In a recent study, Sobrado et al. investigated a group
of 50 patients with chronic renal failure including adults (>18 years old) with a
GFR <60 mL/min/1.73m2, 6. Our results are different regarding DMFT than those
of Sobrado et al., as they found no significant differences between uremic patients
and controls in this aspect. On the contrary, their healthy controls had more
decayed teeth than the uremic group. However these patients were less uremic
than our patients. The different outcomes in recent similar studies of similar
approach indicate that other factors, such as duration of renal failure, oral
hygiene, diet, and regular dentist assessments might play an important role both
in CKD patients and controls 6, 34-36. We found that oral health is worse in CKD
patients and most likely deteriorates faster compared to controls. We found PD
patients to be less orally affected than predialysis and hemodialysis patients
regarding loss of attachment, in accordance with other reports 6, 37-39. Our
inclusion of adult patients with a GFR <20 mL/min/1.73m2 indicates more
medically compromised patients and therefore a higher degree of complications
could be expected compared to healthy controls. In this regard oral barriers might
have deteriorated as a result of disturbed humoral defense, as suggested in a
recent paper comparing periodontal disease in ESRD patients (n=154) with
controls 40. In regard to our study a controlled follow-up study would be most
valuable to describe changes during progression of CKD with respect to humoral
defense. A Swedish study of 51 ESRD patients described that a substantial
number of patients (35%) had dental problems that required attention, which
supports our findings 1. The prevalence of dental problems in the general Swedish
population is 13% 5. Oral health in terms of caries and chronic periodontitis and
therefore consequently loss of teeth is often established during a lifelong gradual
deterioration. We found indications that this progression might have a higher rate
in CKD 4-5. Especially PRE and HD patient groups warrant further attention and
further research using larger samples is needed regarding PD patients.

Caries
Tooth decay, also called caries, caused by streptococci attaching to the dental
surface depends partly on side effects from the kidney disease. Such medical side
effects are for example water retention, high blood pressure and pharmacological
agents as well as side effects such as fatigue and hygiene neglect. The outcome of
caries prevalence in CKD stage 4-5 should be considered a result of the proteinreduced diet and high intake of fermentable carbohydrates as well as a lack of
regular oral hygiene. Frequent intake of fermentable carbohydrates activates the
microbes to produce acidic metabolites in plaques attached to the dental surface.
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Consequently this leads to, on average, one caries lesion more in our
CKD-patients compared to their controls, as seen in Table IV.

Periodontitis
It is shown that plaque retention on teeth surface is far from the primary
cause of periodontitis and some researchers point out smoking as a
determinant factor 41. Smoking is definitely connected to a higher risk in
terms of periodontitis with a prevalence of 48% in smokers, 32% in exsmokers, and 20% in non-smokers 42. The intricate and complex immune
reaction between tooth root, cementum surface, and attaching periodontal
ligament still needs more investigation. It is suggested that genetic
polymorphism might serve as an explanatory model of the level and kind
of immune response to bacterial stimuli in the teeth ligament and the
pathological pockets 43. The complex research field of interaction between
genetic expression and environmental properties will bring more future
knowledge in this matter. When we compared loss of attachment data in
our study to other reports we found similar results 6, 37-39.

Systemic inflammatory markers before and after dental treatment
The effect on s-albumin and proteinuria before and after an oral treatment
of a CKD patient including extraction of infected teeth is seen in Figure 33
and Figure 34. An orthopantomographic x-ray is presented to show the
dental status of the patient before treatment (Figure 32).

Figure 32. 50-year-old male with chronic glomerulonephritis.
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A 50 year old male with CKD, s-albumin and CRP followed
during 14 months, dental treatment at month 7
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Figure 33. S-albumin (g/L), CRP
(mg/L)

2

Figure 34. Proteinuria (mg/24 h)

We found s-albumin, CRP and proteinuria to normalize during a period of
more than six months after dental treatment.
Methodological aspects of Paper I
When we enrolled the HD patients we found that they were difficult
to recruit since they already spent a lot of time in the hospital.
Therefore it is important to consider a selection bias, since most
likely the healthier and less medically compromised patients
participated. On the other hand, uremic patients with oral symptoms
of some kind seemed more motivated to participate, which would
lead to a selection bias providing a stronger correlation. We found no
problems in recruiting healthy controls for the study.
DMFT and loss of attachment are well known measures used in
epidemiological studies and are therefore considered important
parameters for descriptions of tooth injuries or loss of teeth. The
decision not to use decayed missing filled surfaces can be considered
a weakness if the effort had been to obtain a more precise result. Our
intention was not to present the actual surfaces affected of caries but
only to describe the prevalence of ongoing decay. When describing
loss of attachment we did not describe ongoing periodontal disease
through pathological pocket formation as this would only describe
the loss of attachment from the marginal gingiva to the bottom of the
pocket. Our intention was to describe acquired loss of attachment
and long-term pathological changes in the periodontium in
correlation to a chronic uremic condition. The long-term influence
on oral health is an aspect to be considered, as CKD might
contribute to a faster progression of the periodontal disease 44.
Investigating mucosal lesions, we registered signs of inflammation
on the gingiva, the mucous membranes, and the tongue. Lesions with
no inflammation involved were registered in patient files, but not
shown in this study. Since many CKD patients are not aware of the
fact that they have a greater risk of developing oral diseases they
may not have had their dental status checked regularly 37. The
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patient’s oral health neglect or lack of priority to dental health most
likely contributes to a deterioration in oral condition. They have not
been referred by their nephrologists to regular dental care except
before investigation for transplantation.
The strengths of this study were the number of uremic patients with
a GFR <20 mL/min/1.73m2 compared to previously published
similar reports, and the fact that one experienced dentist examined
all patients and controls, therefore minimizing the risk of an
information bias 1, 34-36, 40, 45, 46. The PD and HD patient groups
became too small to make far-reaching conclusions, although for the
HD group we found statistically significant differences of clinically
important magnitude in all status outcomes with worse oral
conditions except mucosal lesions.

Confounders influencing oral health
Oral health is affected because of a number of confounding factors 4.
Although adjusting for age, sex, tobacco habits, diabetes, and type of
dialysis treatment, a difference still persists. There are a number of
confounders yet to be investigated. Such a factor is the influence of
pharmacological drugs used to treat symptoms of kidney failure and
comorbid conditions. The possibilities of bias because of diuretics
and antihypertensives have earlier been discussed, as have other
drugs, for example corticosteroids and antidepressants 8. Food intake
in CKD patients is described as changing during progression 3.
However, in reviewing the literature, there is no evidence for food
habits and nutrients influencing the salivary secretion.
Socioeconomic factors are strong confounders for a worse oral
health as well as a worse renal outcome in many reports 5, 10, 47.
When socioeconomic differences were controlled concerning
education in CKD patients and the controls, we found a difference in
CKD patients compared to their controls. The results in Figure 35
demonstrate that although age- and sex-matched, 44% of the CKD
patients (n=95) reported nine years or less of education, while only
33% of the controls reported the same level of education. The
difference was not statistically significant.
Education le ve l com paring CKD patie nts to controls
50
45
40
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Education level 10-12 Education level more
years
than 12 years
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Figure 35. A comparison of
education levels in patients
with chronic kidney disease
and age- and sex-matched
controls.

Failing oral hygiene habits when patients have a negatively affected
general health is often one explanatory factor for worse oral health 48.
CKD affects the daily life in many ways, especially when interventions
including dialysis are needed. Fatigue and periods of complications from
the renal disease increase the risk of oral hygiene neglect.
Oral hygiene was measured in Paper II, and we found a worse oral health
outcome in dialysis patients compared to their controls. In Paper II we also
found more visible dental plaque formation in CKD patients than controls.

9.2

ORAL FUNGAL INFECTION, PAPER II

In daily dental practice as a consultant of CKD patients, the question is
raised of how patients’ oral health is affected by opportunistic infections
such as candidosis and how oral fungal infection affects the daily life of
the patients. We found a higher prevalence of oral fungal infection (OFI)
in CKD patients. We also studied how OFI, diagnosed through the smear
layer technique, correlated to clinical signs associated with OFI. We found
that CKD patients with OFI will be more easily identified if the patients
are regularly referred for assessment of oral hygiene and mouth dryness.
Using oral lesions associated with fungal infections as diagnostic tools for
OFI may be deceptive, since two out of three patients with present fungal
hyphae had no clinical signs of OFI.

Methodological aspects
A total of 0.5% of subjects in a general Swedish population presented
clinical signs of oral lesions associated with fungal infection, which is
much lower compared to our results in the CKD group, but in accordance
with data from our controls 49. We found that a substantial number of CKD
patients had an ongoing though not clinically detectable oral fungal
infection. Comparing the present data to a British study from 1981, which
compared diabetes patients to controls, 45% of the diabetes patients and
25–30% of the controls had OFI. Only 6% of the diabetes population in the
British study had oral lesions associated with OFI, and no controls had
these clinical signs 50. This suggests a difference in the definition of patient
groups, different predisposing factors, or a difference in the technique used
in the British study to determine OFI. According to a Swedish study
comparing the smear layer technique to the imprint culture techniques used
in the British study, the culture technique runs the risk of presenting a false
positive result 51. On the other hand, the smear layer technique in this study
might present a false negative result if a representative specimen was not
collected 51.
When oral mucosal lesions were studied in 967 healthy Swedish adults, the
prevalence of clinically detected candidiasis and angular cheilitis was
found to be 0.5% and 2.9%, respectively.49 In our study we present a much
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higher prevalence of clinical findings of OFI in CKD patients, although it
is uncertain to what extent the mucosal lesions in fact reflect a fungal
infection. Oral lesions considered to be signs of OFI might have other
causes such as malnutrition, drug-induced reactions, or diet habits, creating
local inflammation.
Our study confirms that mouth dryness and oral hygiene might play a role
in developing oral fungal infection as proposed in a study of a Turkish
HIV-positive population 52. Mouth dryness and plaque formations in this
CKD population should be seen as signs of threatened health and neglect
of oral hygiene. Lack of endogenous antifungal characteristics of the saliva
and a decreased oral pH in the oral cavity provide excellent conditions for
fungal species to colonize the mucosal epithelium in these patients.
In our study the smear layer from the oral mucosa was collected from each
buccal side of the mouth. There might have been other foci not detected,
resulting in an information bias. Classification of fungal species was not
made in our study; presence or absence of hyphae was the criterion to
answer our question. A classification of fungal species could be of future
value to assess the risk of developing an invasive mycositis (IM) from
species present in the oral cavity.

Potential biological mechanisms
Neutropenia is found to be important in a risk assessment for fungal
infection and our results suggest that HD patients, being
immunosuppressed, seem to present a higher prevalence of OFI in the oral
cavity compared to controls 53, 54. However in this study we had no more
elaborative data to support this fact.
Fungal colonization in the oral mucous membranes showed septicemia in
5-30% of ICU patients 55-57. The risk factors for invasive fungal infections
are well established and have not changed over the last 20 years. Patients
with broad-spectrum antibiotics, cancer therapy, vascular catheters,
parenteral nutrition, neutropenia, renal failure, hemodialysis, and patients
in ICU are all more likely to develop IM. When two or more of these
factors are present the risk increases exponentially 58. The same review
paper suggests further evaluation of factors involved in the pathogenesis of
OFI and early detection of fungal infection to more accurately identify the
patients at high risk for IM. Although PD and HD patients are only
partially comparable to patients in ICU, both patient groups are considered
to be at risk of developing IM 58, 59.

Clinical implications
Since there is a risk of false negative data with OFI diagnosis by a smear
layer, it is debatable which method should be used to accurately detect OFI
of clinical significance. In daily practice the oral lesions associated with
OFI are considered to be the accurate criterion 51. We suggest that patients
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with mouth dryness and bad oral hygiene are predisposed to developing
fungal growth, and suggest that a general risk evaluation should be
followed by a smear layer technique test with PAS-staining to detect
hyphae from oral lesions associated to OFI. A publication in 2006
discussed the risk of mucosal changes due to waste products in epithelial
tissue such as β2-microglobulin, parathyroid hormone, glycosylation end
products and nitric compounds 12. In Paper II we did not describe the
prevalence of mucosal changes due to toxins, but our report on fungal
infection serves as a complement and reveals the importance of
differentiating the diagnostic criteria. To make an adequate diagnosis of an
atrophic mucosal lesion, the dentist needs a medical history and
investigation of oral fungal infection.
We investigated if oral fungal infection can be correlated to age, sex, type
of dialysis treatment, tobacco use, mouth dryness, taste disturbances,
dental plaque, and gingivitis. We found OFI to be correlated to lack of oral
hygiene and mouth dryness in the CKD patients. Confounders such as type
of diet and type of medication might possibly lead to new correlations
closely related to mouth dryness and oral hygiene.
To prevent dysphagia, burning mouth syndrome, malnutrition, and in some
cases a life-threatening IM and to pursue early detection of oral fungal
colonization, we suggest frequent oral evaluations of CKD patients. These
patients should be asked about self-experienced mouth dryness and be
examined for oral hygiene condition and erythematous oral stomatitis,
membranous candidiasis, and angular cheilitis. We found that OFI was not
necessarily verified through presence of clinical signs, and therefore we
suggest that diagnosis solely by detection of these clinical signs might lead
to neglect of treatment. For patients with a high risk of developing local as
well as systemic fungal infection, evaluation by sampling with the smear
layer technique should be considered.

9.3

SALIVARY PROTEINS AND SECRETION IN CKD
PATIENTS, PAPER III

Clinical consequences such as mouth dryness can become a major issue
for CKD patients 40. A dry mouth and pain in the mouth inhibit normal
food intake and contribute to worsening the general health 35. Salivary
constitution and secretion rate have a great influence on the oral disease
progression. One major function of saliva is protection of oral tissue and
lubrication of oral mucosa. The intention was to describe the salivary
secretion rate and constitution, as only a few published data sources were
found to bring light to this very complicated matter 27.

Methodological aspects
We found that salivary whole protein content increased in CKD patients.
One explanation for this could be that glandular production of protein
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increases, and this affects the salivary constitution. On the other hand,
retention of sodium leads to retention of water and may affect the salivary
glands as well. Consequently the concentration of whole protein in saliva
becomes higher and secretion rate decreases, leading to a more mucus
production. Focus was set on whole protein content and markers for
inflammatory processes in submandibular/sublingual (SM/SL) saliva, as
chronic inflammation is a marker for poor prognosis and high morbidity
and mortality 15, 26, 60. Our choice of whole protein content, cytokines, and
chemokines made it possible to describe both expected levels of these
compounds in healthy controls and how the concentrations changed in
patients with a GFR of <20 mL/min/1.73m2.
Our study was performed with consecutively recruited patients. The most
seriously ill dialysis patients were unable to participate, a selection bias
which should be considered when results are interpreted in a larger group
of CKD patients. Analyzing our data, we preferably used SM/SL saliva to
assess the protein and cytokine evaluations, as studies have shown that
SM/SL glands have a higher amount of leukocytes and thereby may have a
higher response to any inflammatory process that occurs within the region
of the oral cavity 61.
Collection of saliva with a suction device (a modified Crittenden cup) from
Wharton’s ducts beneath the tongue helped to keep the samples
uncontaminated by debris and bacteria in the oral cavity. The technique
used to evaluate cytokines, the Luminex fluorescence technique, was done
on three different occasions, which was sufficient for our purpose 62. We
compared the cytokine results from SM/SL saliva to whole saliva secretion
rate. Different pathological processes such as earlier inflammatory salivary
gland disease or sclerosis of SM/SL glands and accessory salivary glands
might have disturbed the total outcome 33, 63.

Salivary cytokines and inflammation
The increased levels of inflammatory cytokines expressed in the resolution
of inflammation such as Interleukine (IL)-10, IL-8 and Intercellular
adhesion molecule (s-ICAM)-1 in CKD patients reveal processes in the
glandular parenchyma. Local processes of inflammation might also
contribute to a decreased salivary secretion rate, but should not be seen as
the only explanatory model. Earlier reports on salivary secretion rates have
shown contradictory results 6, 39, 64. Our investigations show that patients
with CKD 4-5 are affected by hyposalivation. The cause of hyposalivation
in dialysis patients as described in both Paper III and Paper IV should be
seen as multifactorial. Hyposalivation, a daily problem for many
individuals, seems to appear simultaneously with the inflammatory onset.
A similar process is observed in patients with Sjögrens syndrome, where
evidence is found for plasma cell activation locally within the glandular
tissue, leading to hyposalivation 65. It is important to stress that the
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correlation of IL-8 and s-ICAM-1 to hyposalivation was found when we
included all subjects with a stimulated salivary secretion of <1.5 mL/min
from both CKD 4-5 patients and controls. We can only speculate that our
chronic inflammation and significantly elevated levels of IL-10 and sICAM-1 results suggest that patients with a genetic variance of downregulated acute phase cytokines might be individuals with the longest
survival. Adjusting for confounders, we found that CKD patients presented
the strongest correlation for IL-10 and salivary protein concentration. In
addition, the ratios of the cytokines IL-6/IL-10 and TNFα/IL-10 were
elevated, suggesting an ongoing chronic inflammatory process.
The enhanced inflammatory onset that occurs in most of the CKD patients
may lead to life-threatening consequences. There is convincing evidence
for specific genotypes, pro-inflammatory activity, malnutrition, and
oxidative DNA lesions in CKD patients with a poor prognosis 28. Two proinflammatory markers, IL-6 and Tumor necrosis factor-α (TNF-α), are
discussed in the literature. The enhanced level of IL-8 is also presented as
a risk factor 29. Enhanced levels of these cytokines predict a greater risk for
endothelial cell dysfunction and CVD 66. On the other hand, an elevated
level of Interleukine 10 (IL-10) represents a resolution of inflammation
and therefore predicts a better prognosis 66.

Clinical implications
Our results present possible signs of pro-inflammatory processes, cell
death, and cellular chemotaxis in the salivary gland tissue. A decrease in
the salivary flow rate is shown in other studies to be dependent on
inflammatory processes in human salivary gland tissue 8.
The novel finding in Paper III was that the concentrations and levels of
whole protein, s-ICAM-1 and IL-10 were higher in the saliva of CKD
patients in comparison to controls. In addition, we also reported a lower
stimulated salivary secretion rate in CKD 4-5 patients compared to
controls. Our results implied that the systemic inflammation in CKD
patients is substantially reflected in the salivary composition. Factors
such as malnutrition, medication, endotoxins, and inflammatory onset
have been shown in other studies to affect the salivary glands and the
salivary flow rate negatively 8, 67. Increased blood levels of proinflammatory cytokines in combination with malnutrition and genetic
polymorphism leading to a high oxidative stress may worsen medical
outcome for HD patients 29. A vast number of reports are published
describing cytokine profiles in peripheral blood in CKD patients, and one
paper describes that gene polymorphism may play an important role in
the heterogeneity of inflammatory onset 68. It is proposed that CKD
patients with early high pro-inflammatory onset suffer from rapid
progression of cardiovascular disease, leading to a high mortality rate 68.
On the other hand, a down-regulation of the inflammation may lead to
health problems due to the fact that the innate immune response is down46

regulated and as a consequence, the resolution of the inflammation is
favored. Oral diseases aggravated by a low acute phase response such as
periodontitis and periapical infection are representative disease entities.
With prolonged survival expectancy in CKD patients and with a downregulated inflammatory onset it is reasonable to assume that oral health
outcome may be affected 69.
To improve salivation and decrease the risk of inflammatory onset in HD
patients it is important to improve nutrition and oral health. Chewing gum
and saliva substitution should be considered for the patients to decrease
thirst and protect oral tissue. Results indicate that long-term survivors have
an up-regulation of inflammatory resolution. This results in patients
developing diseases combined with high expression of inflammatory
resolution such as periodontitis. Prevention must be taken into
consideration against diseases originating from this genotype of low grade
innate immune response and high grade inflammatory resolution.
To summarize, our data support the view that chronic inflammation occurs
in the salivary glands of CKD 4-5 patients. Comparing subjects with
hyposalivation to patients with normal salivation, we report evidence of
chronic inflammatory onset and signs of down-regulation of acute phase
inflammation in these subjects. We hypothesize that local chronic infection
of oral mucosa and tooth-supporting tissues contribute to local
inflammatory onset and may thereby also contribute to hyposalivation.

9.4

DNA DAMAGE IN SALIVARY GLAND TISSUE, PAPER IV

We wanted to investigate how DNA damage in glandular tissue correlates
to systemic inflammation and hyposalivation in an explanatory model.
Parallel to measuring inflammation in blood, accessory gland samples
were collected and total salivary secretion rate was registered. We found
that hs-CRP was elevated in CKD patients, and that systemic inflammation
was negatively correlated to glandular DNA breaks. Other studies have
shown higher oxidative stress and DNA strand breaks in leukocytes from
CKD patients.70 Our results suggest that circulatory inflammation and
consequently DNA damage in leukocytes activates local reactions in
different tissues. An elevated DNA reparative activity in accessory glands
might be a result of peripheral reaction to circulatory stress in the
organism. Consequently, hyposalivation, measuring salivary secretion rate
at rest might correlate to an increased activity of DNA healing locally in
the accessory glands.

Methodological aspects
Our two groups of CKD patients appeared to be different in terms of
accessory DNA strand breaks, as predialysis patients presented more DNA
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lesions than the dialysis patients. A clearance of potential genotoxic
substances during dialysis can be one explanation for the fact that the
predialysis patients had a significantly higher level (P < 0.001) of strand
breaks than the dialysis patients in this study. Bibi et al. previously showed
that CKD patients have a 15% higher level of salivary peroxidase (P =
0.01) and a 35% higher level of salivary superoxide dismutase (nonsignificant) compared to predialysis CKD patients.27 An increased level of
antioxidant enzymes such as SOD in dialysis patients could be a possible
explanation for the significantly lower level of accessory gland DNA
strand breaks observed in the dialysis patients in this study.
The limited number of predialysis patients might have influenced the
differences of the two patient groups in terms of oxidative DNA lesions.

Findings of clinical importance
Our findings presented new facts about the complicated reactions of
systemic inflammation and peripheral DNA strand breaks in the accessory
glands. The results in our study suggested that DNA in peripheral tissue
might be differently affected than DNA in circulating lymphocytes in
CKD patients. Previous studies have demonstrated that predialysis patients
have higher levels of DNA damage in lymphocytes compared to healthy
controls, and that a further deterioration occurs in dialysis patients 71, 72.
Furthermore one mechanism that affects oxidative DNA lesions in dialysis
patients is the dialysis session in itself, which will directly affect the white
blood cells 73-75. The leukocytes are stimulated to release ROS when they
come into contact with the dialysis membrane. However, peripheral tissues
may be differently affected by this process.

Future projects investigating salivary DNA damage
Our study presents new models to explain changes in salivary composition.
We have introduced a new way to detect early metabolic disorders that
might possibly lead to oral disease. DNA protective processes in salivary
glands need more investigation, as this complicated biological process
might cause local disease in the oral cavity.

Limitations of the studies
Some limitations of the studies in this thesis should be taken into
consideration.The studies are limited in terms of patient numbers.
However, the material is very detailed, with a large number of clinical
parameters. The detailed description of the patients makes it possible to
find an influence even in small variations.
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Oral health can be described in other ways than previously discussed.
Instead of measuring DMFT we could have used the index of decayed,
missing, filled surfaces (DMFS). This description of the amount of
surfaces affected would have given more precise information in this
matter. When registering the total loss of supportive tissue, the loss of
periodontal attachment index was used. In future studies this could be
completed with measurements of pathological pocket formation. In this
study one mesial pocket site was measured on teeth Nos. 11 and 16
investigating loss of attachment, which might have given an incomplete
registration.
Subjectively described oral health by the patients is not presented in this
thesis. The patients’ own descriptions of their dental conditions would
contribute to valuable information on giving priority to oral health. This
data was collected but not published.
Dietary habits as a marker for oral disease would be valuable to study to
understand the impact on the prevalence of caries and inflammation
markers.
Cytokine levels in plasma have not been compared to cytokine levels in
saliva in our study of the CKD patients. Learning more about
inflammatory onset in circulation and how this affects peripheral organs
would be of value.
Another question raised during analysis of data for Paper III is the
possibility of genotype selection in CKD.
Paper IV presented less DNA damage in accessory glands in a group of
CKD patients. CKD patients were earlier reported to have a high
expression of DNA damage in circulatory leukocytes. Measurement of the
correlation between circulatory DNA damage and local DNA damage can
lead to new knowledge of how peripheral organs react to changes in
plasma, contributing to DNA damage.
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10 SUMMARY AND CONCLUSIONS
The number of CKD patients is rapidly increasing in the Western world,
mainly due to diabetic nephropathy. Prolonged life expectancy and an
increased average age in the patient group lead to new ways to look at risk
factors such as deteriorating oral health. Oral health is constantly
improving in countries like Sweden in the general population, but
subgroups like CKD patients are not showing the same improvement. The
research field of nephrology needs to find new factors to consider, and to
promote better prevention and prolonged health in CKD patients. One such
field is that of oral health. Improved cooperation between hospital dentists
and nephrologists is one important factor to consider introducing early
preventive strategies and working together to find patients at risk for oral
complications. In summary, we found that predialysis patients have a
worse oral health outcome compared to their controls, and major changes
of the oral condition occur when predialysis patients start active treatment
with hemodialysis. More effort should be made to investigate behavioral
and immunological factors behind these changes, in order to be able to
explain oral health and to identify counteracting positive factors which
could be important for the oral health of the uremic patient. One question
raised in this research is yet to be answered; whether a selection of the
genotypes in the CKD patient group results in a subpopulation more
exposed to oral diseases. Chronic inflammation is more prevalent in CKD
patients compared to non-uremic controls. Oral diseases such as caries,
periodontitis, and apical inflammation are mainly described as chronic.
Several new implications to consider in the care of and research on
CKD patients
•
•

•
•
•
•
•

Predialysis patients and hemodialysis patients have worse oral
health compared to the general population.
Early investigation of predialysis patients’ oral health is essential to
avoid rapid deterioration of oral health during active renal
treatment.
Oral fungal infections are more prevalent in CKD-5 patients and
need to be considered in daily consultations.
Hyposalivation is generally found in CKD patients and to a larger
extent in hemodialysis patients.
Proinflammatory response in salivary glands is one explanation for
hyposalivation.
Circulatory low-grade inflammation is inversely correlated to
salivary gland DNA strand breaks.
Hyposalivation at rest, an important primary defense mechanism,
might be correlated to low grade DNA strand breaks in accessory
glands.
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11 SWEDISH SUMMARY
Kronisk njursjukdom uppkommer på grund av många olika orsaker, ett av
skälen är en ökning av speciellt typ 2 diabetes. Dagens moderna
behandlingsmöjligheter av patienter med njursvikt har förlängt
överlevnaden i patientgruppen avsevärt. Kroniskt sjuka patienter som
behandlas under lång tid riskerar att utveckla sjukdomar i munhålan. Orala
sjukdomar är också multifaktoriellt orsakade även om bakterier,
svampinfektioner och virus är huvudskälen till att sjukdomar uppträder när
munhålans primära skyddsbarriär sviktar. De mest vanliga medicinska
komplikationerna till kronisk njursjukdom är högt blodtryck, malnutrition,
inflammation, och hjärt-kärl sjukdom, (MIA syndromet) vilka leder till
förhöjd morbiditet och mortalitet. Munhålans sjukdomar, ofta
asymtomatiska, misstänks kunna bidra till en sämre prognos för hjärtsjuka
patienter. Tandlossning och orala inflammationstillstånd har på senare tid
blivit intressanta för att förklara komplicerande faktorer till MIA
syndromet. När en individ i en ålder av 60 år eller äldre insjuknar i kronisk
njursvikt kan munhålans dåliga kondition som grundlagts under lång tids
allmänsjukdom bidraga till oönskade medicinska konsekvenser som
svårigheter att äta, minskad aptit och kronisk inflammation. Om eftersatt
munhälsa upptäcks och behandlas i ett tidigt stadium av kronisk
njursjukdom kan detta bidraga till att dämpa utvecklingen av hjärt-kärl
sjukdom och därmed leda till en bättre prognos för den njursjuke.
Artikel I. Munhälsan hos kroniskt njursjuka patienter (n=93) med CKD 45, beskrivs genom jämförelse med en frisk kontrollgrupp med normal
njurfunktion. Studien redovisar tandhälsa genom klinisk och
röntgenologisk undersökning. Tandlossning beskrivs genom ett mått på
förlust av tänders stödjevävnad. Inflammatoriska tillstånd runt tändernas
rötter är redovisade och likaså slemhinneförändringar. Artikeln beskriver
att kroniskt njursjuka patienter har en sämre munhälsa än deras ålders- och
könsmatchade kontroller även sedan vi justerat för en rad identifierade
faktorer.
Artikel II. Kroniskt njursjuka patienters (CKD-5) immunsystem påverkas
av en rad olika faktorer. Svampinfektioner kan uppkomma i perioder av
lågt humoralt försvar både i munhålan och systemiskt. Obehandlade kan
dessa infektioner påverka ätande och sväljande till en nivå där allmän hälsa
kan påverkas. Studien redovisar förekomsten av oral svampsjukdom hos
CKD patienter (n=93) och deras ålders- och könsmatchade kontroller. Vi
presenterar möjliga orsaks-korrelationer. Här diskuteras också kliniska
rutiner för att om möjligt undvika komplikationer på grund av oral
svampinfektion.
Artikel III. Hyposalivation blir ett stort problem för många patienter med
kronisk njursjukdom. Oral hälsa är i hög grad beroende av saliven för att
upprätthålla det primära försvaret. Rapporter är motsägelsefulla i detta
avseende och i denna kontrollerade studie av CKD 4-5 patienter (n=70)
mäts graden av hyposalivation som dessutom korreleras till
proinflammatoriska markörer i sublingual/submandibulär saliv.
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Artikel IV. Cirkulatorisk oxidativ stress av DNA hos CKD patienter finns
tidigare rapporterad. Denna process är korrelerad till MIA syndromet
eftersom den påverkar blodkärlens endotel negativt. Denna kontrollerade
studie av CKD 4-5 patienter (n=79), beskriver hur inflammation korrelerar
till DNA-skador i accessoriska salivkörtlar. Rapporten beskriver också
andra orala faktorer av intresse för DNA-skador i salivkörtlarna.
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