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ABSTRACT 
 

        Metabolic syndrome is a state of metabolic dysregulation including insulin 
resistance, central obesity, dyslipidaemia, glucose intolerance and hypertension.    
Some components of metabolic syndrome and the treatment of metabolic syndrome 
have been reported to induce oral disorders.  The aim of this study was to investigate 
the prevalence of oral manifestations in the patients with metabolic syndrome and 
evaluate the association between oral clinical findings and contributing factors to 
metabolic syndrome. 
        Three hundred and sixty-nine patients with metabolic syndrome were included in 
this study. Oral health status in every patient was evaluated.  Patients’ history and 
laboratory examination results from medical chart were also recorded.  The prevalence 
of oral mucosal manifestations was 203 (55.0%).  The most prevalent finding was 
fissure tongue (41.5%), followed by denture stomatitis (9.2%), depapillated tongue 
(3.0%) and oral lichenoid reaction (2.2%), traumatic ulcer (2.2%), and oral varicosity 
(2.2%).  Denture stomatitis and oral candidiasis were significantly associated with 
high level of Candida.  There was a statistically significant association between 
xerostomia and hyposalivation and together these two conditions are statistically 
associated with oral mucosal dryness.  In addition, a significant association between 
hyposalivation and Candidal level was found.  No association between dental caries 
and Mutans streptococci level or Lactobacilli level was found nor was there an 
association found between periodontitis and hyposalivation, glycaemic control or 
smoking. 
        This study suggests that the patients with metabolic syndrome may have a higher 
chance to present oral mucosal manifestations than the general population. The 
relationship between denture stomatitis, candidiasis with Candidal level, xerostomia 
with hyposalivation, and hyposalivation with Candidal level was presented.  Thus, 
these results emphasize the necessity to be aware of and assess mouth dryness and 
candidal infections in this patient group. 
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บทคัดยอ 

         
        กลุมอาการเมตาบอลิกเปนสภาวะการควบคุมระบบเมตาบอลิซึมที่ผิดปกติประกอบดวย ภาวะตานอินซูลิน, 
โรคอวนสวนกลาง, ไขมันในเลือดผิดปกติ, ความไมทนกลูโคสและความดันเลือดสูง มีรายงานวาบาง
สวนประกอบของกลุมอาการเมตาบอลิกและการรักษากลุมอาการเมตาบอลิกสามารถชักนําใหเกิดความผิดปกติใน
ชองปากได  วัตถุประสงคของการศึกษาในครั้งนี้เพื่อประเมินความชุกของการแสดงออกในชองปากของผูปวย
กลุมอาการเมตาบอลิกและประเมิณความสัมพันธระหวางการแสดงออกในชองปากที่พบกับปจจัยตางๆที่เกี่ยวของ
กับกลุมอาการเมตาบอลิก 
        ผูปวยกลุมอาการเมตาบอลิกจํานวน 369 คน ไดรับการสํารวจสุขภาพชองปากโดยการตรวจทางคลินิกรวมทั้ง
เก็บขอมูลจากบันทึกประวัติผูปวยและผลตรวจทางหองปฏิบัติการ พบความชุกของผูปวยที่มีการแสดงออกของ
เนื้อเยื่อออนภายในชองปากทั้งหมด 203 คน (55.0%) โดยลิ้นรอยแยกพบมากที่สุด (41.5%) อันดับตอมาคือ ปาก
อักเสบเหตุฟนปลอม (9.2%) ลิ้นอักเสบ (3.0%) และอันดับสี่พบ รอยโรคปฏิกิริยาไลเคนนอยดในชองปาก แผล
บาดเจ็บ และหลอดเลือดขอด มีความชุก 2.2% เทากัน ผลการศึกษาพบความชุกของรอยโรคปากอักเสบเหตุฟน
ปลอม และการติดเชื้อราในชองปาก สัมพันธกับระดับเชื้อราแคนดิดาอยางมีนัยสําคัญ ภาวะปากแหง การลดลง
ของปริมาณน้ําลาย มีความสัมพันธกันอยางมีนัยสําคัญกับเนื้อเยื่อในชองปากแหง นอกจากนี้ พบการลดลงของ
ปริมาณน้ําลายมีความสัมพันธกับระดับเชื้อแคนดิดาอยางมีนัยสําคัญ อยางไรก็ตามไมพบความสัมพันธระหวางฟน
ผุกับปริมาณเชื้อ มิวแทนสเตรปโตคอคคัย และ แลคโตบาซิลไล รวมทั้งไมพบความสัมพันธระหวางโรคปริทันต
อักเสบกับการลดลงของปริมาณน้ําลาย การควบคุมระดับน้ําตาลในกระแสเลือด และการสูบบุหรี่ 
        การศึกษานี้ช้ีใหเห็นวาผูปวยกลุมอาการเมตาบอลิกมีโอกาสเกิดการแสดงออกของเนื้อเยื่อออนภายในชอง
ปากไดมากกวาในประชากรทั่วไป และจากการพบความสัมพันธระหวางรอยโรคปากอักเสบเหตุฟนปลอม การติด
เช้ือราในชองปากกับระดับเชื้อแคนดิดา ภาวะปากแหงกับการลดลงของปริมาณน้ําลาย และการลดลงของปริมาณ
น้ําลายกับระดับเชื้อแคนดิดาอยางมีนัยสําคัญ ดังนั้นภาวะปากแหง และการติดเชื้อราแคนดิดาในชองปากของผูปวย
กลุมนี้จึงเปนสิ่งที่ควรตระหนักและถูกประเมิน 
85 หนา 
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CHAPTER I 

 INTRODUCTION  
 

        Metabolic syndrome is a group of interrelated risk factors that predispose 

individual to increased risk for type2 diabetes mellitus (type2 DM) and cardiovascular 

disease (CVD).  In 2004, the most frequent cause of death from non-infectious disease 

in Thai population is cardiovascular disease (1).  For this reason, the metabolic 

syndrome that inclines the cardiovascular disease should be in attention (2-5).  

Contributing factors for the development of metabolic syndrome include genetic and 

ethnic factors, age, sex, western diet (high in refined carbohydrates and saturated fat 

but low in fiber), levels of physical activity, cigarette smoking, alcohol consumption, 

and progressive weight gain (3,6,7).  Insulin resistance is believed to be the major 

underlying metabolic abnormality (2).  Recently, the International Diabetes Federation 

(IDF) has proposed a definition of metabolic syndrome in order to use in clinical 

practice and epidemiologic studies (8).  Central obesity as determined by waist 

circumference is a prerequisite risk factor for the diagnosis of the metabolic syndrome.  

Waist circumference is gender and ethnic group specific (8).  The cut-off value varies 

from 33.5 inches to 37 inches in males and from 31.5 to 35.4 inches in females.  The 

metabolic syndrome can be diagnosed when central obesity plus two of the other four 

criteria are present.  These four criteria include; 1. raised triglycerides (TG) level : ≥ 

150 mg/dL, or specific treatment for this lipid abnormality, 2. reduced high density 

lipoprotein cholesterol (HDL-C) : < 40 mg/dL in males, and < 50 mg/dL in females, or 

specific treatment for this lipid abnormality, 3. raised blood pressure (BP) : systolic 

BP ≥ 130 or diastolic BP ≥ 85 mmHg, or treatment of previously diagnosed 

hypertension, 4. raised fasting plasma glucose (FPG) : ≥ 100 mg/dL, or previously 

diagnosed of type2 diabetes (8). 

        Over the past two decades, a significant increase in the number of people with 

metabolic syndrome has been found worldwide.  From many previous studies with 

different study design, age, gender, ethnic groups and methods of measurement, the 
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prevalence varies from 7.9-44.8 % in adult men and 5.1-56.7 % in adult women, with 

the increased incidence with age (6).  As stated earlier, central obesity is the key 

component for the diagnosis of metabolic syndrome, the increasing prevalence of 

obesity has been accompanied by a parallel increase in the prevalence of metabolic 

syndrome (7,9,10).  In Thailand, the economic structure has shift from agricultural to 

industrial culture.  Food consumption pattern of the population has changed 

considerably (11).  Fiber-based dishes are being replaced by diets containing a higher 

proportion of fat and animal meat.  The problem of overweight and obesity has 

increased significantly.  The prevalence of overweight and obesity in Thailand in 1997 

was 28.3% and 6.8%, respectively (12).  Boonyavarakul and colleagues reported that 

the prevalence of metabolic syndrome in rural Thai population was 23% (13).  Even in 

Thai children with type2 DM, 80% of them had clinical features of metabolic 

syndrome (14).  Consequently, it is estimated that the incidence of metabolic 

syndrome in Thai population would be increased as other countries.   

        Patients with metabolic syndrome should be primarily managed with a non 

pharmacologic regimen of diet and exercise known as TLC or therapeutic lifestyle 

changes (3,15).  Smoking is one of the lifestyle which often found in patients with 

metabolic syndrome and needs to be abstained for the successful treatment of 

metabolic disease.  But because of the complicated etiology of the metabolic 

syndrome and with patient compliance, a pharmacological approach is often necessary 

to reduce the CVD risk of the patients (2,3,16).  The aggressive management of 

hypertension and obesity with pharmacologic intervention such as angiotensin 

converting enzyme inhibitors (ACE inhibitors) and antiobesity drugs often improves 

other major risk factors (16). 

      The oral cavity of patients with metabolic syndrome, with or without 

pharmacological intervention, may manifest conditions such as dry mouth, candidiasis, 

glossitis, periodontitis, oral ulceration, oral lichenoid reaction, gingival hyperplasia, 

etc (17-21).  These oral manifestations might be either from the syndrome itself or 

from side-effects of drug used which can disturb speaking, eating, swallowing and 

leading to imbalance nutrition.  There were many studies that reported the high 

prevalence of candidiasis and periodontitis in patients with DM and when the DM 

could be controlled, the oral manifestations were usually improved (22-26).  
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Furthermore, many drugs used in the treatment of metabolic syndrome effect the 

salivation and subsequently induce many complications in the oral cavity (18-21).  

Some drugs such as statins, diuretics, beta-blockers, ACE inhibitors and sulfonylureas 

have been reported to induce oral lichenoid reactions and the lesions have been 

improved due to drug changes (18,19,21).  Thus the aim of this study was to 

investigate the oral health status of patients with metabolic syndrome and to determine 

whether there is any association between these oral clinical findings and the metabolic 

syndrome or contributing factors of this entity.  The results from the study will be a 

fundamental information for healthcare workers to provide the best treatment planning 

for the patients with metabolic syndrome and, finally, for reaching the maximum 

quality of life. 
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CHAPTER II 

LITERATURE REVIEW 

 

 
Metabolic Syndrome 

        The metabolic syndrome is a state of metabolic dysregulation and it can present 

in various ways according to the different components that constitute the syndrome.  

        The components of metabolic abnormalities include glucose intolerance (type2 

diabetes, impaired glucose tolerance, or impaired fasting glycaemia), insulin 

resistance, central obesity, dyslipidaemia and hypertension, all well documented risk 

factors for cardiovascular disease (3-5). 

 

Mechanisms Underlying the Metabolic Syndrome (2) 

        1.  Insulin resistance 

        The most accepted and unifying hypothesis to describe pathophysiology of 

metabolic syndrome is insulin resistance.  Insulin resistance has traditionally been 

defined when a defect of insulin action results in fasting hyperinsulinaemia to maintain 

euglycaemia. 

        A major contributor to the development of insulin resistance is an overabundance 

of circulating fatty acid.  Fatty acids are also derived through the lipolysis of 

triglyceride-rich lipoproteins in adipose tissues by the action of lipoprotein lipase.  

Insulin is important to both antilipolysis and the stimulation of lipoprotein lipase.  Of 

note, the most sensitive pathway of insulin action is the inhibition of lipolysis in 

adipose tissue.  Thus, when insulin resistance develops, the increase amount of 

lipolysis of stored triacylglycreol molecules in adipose tissue produces more fatty acid.  

Free fatty acid reduces insulin sensitivity in muscle by inhibiting insulin-mediated 

glucose uptake. 

        2.  Obesity and increased waist circumference    

        For several definitions of the metabolic syndrome, waist circumference is 

included.  In clinical and epidemiological studies, obesity is strongly associated with 
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all cardiovascular risk factors.  Adipose tissue is recognized as a source of several 

molecules that are potentially pathogenic.  However, the mechanism underlying the 

association between abdominal obesity (particularly visceral obesity) and the 

metabolic syndrome are not fully understood and likely complex.  It has been assumed 

that obese adipose tissue releases an excess of fatty acid and cytokines that induce 

insulin resistance. 

        3.  Dyslipidaemia 

        In general, with increase in fatty acid flux to the liver, increased production of 

apo B-containing triglyceride-rich very low-density lipoproteins (VLDL) occurs.  The 

effect of insulin on this process is somewhat complex.  In the setting of insulin 

resistance, increased flux of free fatty acids to the liver increases hepatic triglyceride 

synthesis. 

        Hypertriglyceridaemia is an excellent reflection of the insulin resistance 

condition and is one of the importance criteria for diagnosis of the metabolic 

syndrome.  

        The other major lipoprotein disturbance in the metabolic syndrome is a reduction 

in high density lipoprotein (HDL) cholesterol.  In the presence of 

hypertriglyceridaemia, a decrease in the cholesterol content of HDL results from 

decreases in the cholesteryl ester content of the lipoprotein core with variable 

increases in triglyceride making the particle small and dense, a function  in part of 

cholesteryl ester transfer protein. 

        4.  Glucose intolerance 

        The defects in insulin action in glucose metabolism include deficiencies in the 

ability of the hormone to suppress glucose production by the liver and kidney, and to 

mediate glucose uptake and metabolism in insulin sensitive tissue (i.e. muscle and 

adipose tissue). 

        5.  Hypertension 

        The relation between insulin resistance and hypertension is well established, and 

relates to several different mechanisms.  Insulin is a vasodilator when given 

intravenously to people of normal weight, and with secondary effects on sodium 

reabsorption in the kidney. 

        In the setting of insulin resistance, the vasodilatory effect of insulin can be lost,  
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but the renal effect on sodium reabsorption preserved.  Insulin also increases the 

activity of the sympathetic nervous system, an effect that might also be preserved in the 

setting of the insulin resistance. 

 

Definitions of Metabolic Syndrome 

        There are many definitions that attempt to explain the metabolic syndrome.  

Since several definitions are in use, it is difficult to compare prevalence and impact 

between countries (2).  However, these definitions agree on the essential component: 

glucose in tolerance, obesity, hypertension and dyslipidaemia but do differ in the detail 

and criteria (2). 

        World Health Organization (WHO) and The International Cholesterol Education 

Program’s Adult Treatment Panel III (NCEP: ATP III) proposed a set of criteria for 

the metabolic syndrome diagnosis which is presented in table 1. 

 

Table 1 Comparison of Adult Treatment Panel (ATP) III and World Health 

Organization (WHO) criteria for the diagnosis of the metabolic syndrome * 

Risk factor ATP III Defining Level  WHO defining Level 

1. Obesity Waist circumference >102 

cm ( >40 inches) for men 

and >88 cm ( >35 inches) for 

women 

Body mass index (BMI) 

≥30 kg/m² and /or waist-to-

hip ratio of >0.90 for men 

and >0.85 for women 

2. Blood Pressure ≥130/≥85mmHg >140/>90 mmHg 

3. Fasting Glucose ≥110 mg/dL Not used for diagnosis 

4. Microalbuminuria Not used for diagnosis Urinary albumin excretion 

rate ≥20µg/min  

5. Triglycerides ≥150 mg/dL ≥150 mg/dL 

6. HDL Cholesterol <40 mg/dL for men and <50 

mg/dL for women 

<35 mg/dL for men and 

<39 mg/dL for women 

 
* Under ATP III criteria, an individual must exhibit 3 of the risk factors from the ATP III column to be 

diagnosed of the metabolic syndrome.  To meet WHO criteria, individual must exhibit risk factors 1, 2, 

4 and 5 or 6 from the WHO column. 
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(Bakris Gl. Optimal management of hypertension and obesity in the metabolic syndrome [online]. 

Version 1.0. Illinois: ACCESS Medical Group; 2001. Available from: http://www. Metabolic 

syndromeonline.com/ Monograph. pdf [Accessed  on March 13, 2006]) 

 
        It is apparent that the WHO definition is better suited as a research tool whereas 

the NCEP: ATP III definition is more useful for clinical practice.  Clinicians prefer 

simple tools to assess patients and improve their managements and it is generally 

agreed that the NCEP: ATP III definition is simpler for practice. 

        In May, 2004, The International Diabetes Federation (IDF) proposed a new 

definition of the metabolic syndrome for the use in clinical practice and 

epidemiological studies.  A major issue for the IDF consensus consultation was the 

fact that criteria used for obesity in Asian and other populations could be different 

from those used in the West.  Yet, the amount of obesity associated with increased risk 

differs between populations.  Central obesity (as estimated by waist circumference) is 

a prerequisite risk factor for the diagnosis of the metabolic syndrome in the definition.  

IDF waist circumference criteria are substantially lower than of NCEP ATP III and 

they are gender and ethic-group specific (table 2) (9). 

 
Table 2 The new International Diabetes Federation (IDF) definition of the metabolic 

syndrome. 

___________________________________________________________ 

Central obesity (defined as waist circumference ≥ 94 cm (37 inches) for Europoid 

men and≥ 80 cm (31.5 inches) for Europoid women, with ethnicity specific values for 

other group*) plus any two of the following four factors: 

___________________________________________________________ 

1. Raised TG level : ≥150mg/dL (1.7 mmol/L) ,or specific treatment for this lipid 

abnormality 

2. Reduce HDL-C: <40 mg/dL (1.0 mmol/L) in males, and < 50 mg/dL (1.3 

mmol/L) in females, or specific treatment for this lipid abnormality 

3. Raised BP : systolic BP ≥130 mmHg or diastolic BP ≥85 mmHg, or treatment 

of previously diagnosed hypertension 
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4. Raised FPG : ≥100 mg/dL (5.6 mmol/L), or previously diagnosed type 2 

diabetes 

_______________________________________________________________ 
 *South Asians and Chinese: ≥90 cm (35.4 inches) for males and ≥80 cm (31.5 inches) for females. 

Japanese: ≥85 cm (33.5 inches) for males and ≥90 cm (35.4 inches) for females. Ethnic South and 

Central Americans: use South Asian recommendations until more specific data available. East 

Mediterranean, Middle East (Arab) and Sub-Saharan populations: use European data until more 

specific data available. 

TG = triglycerides; HDL-C = high-density lipoprotein cholesterol; BP = blood pressure;  

FPG = fasting plasma glucose  

(International Diabetes Federation. The IDF consensus worldwide definition of the metabolic 

syndrome[Online]. Brussels; Available from: www.idf.org.  [Accessed on March 13, 2006]) 

         

        The criteria of waist circumference of metabolic syndrome are related to gender 

and ethnic.  The criteria specific for Thai population have not been reported.  The 

available IDF criteria of waist circumference which has been most related to Thai 

population is Chinese. 

        Type2 DM is often found in patients with metabolic syndrome (9).  The cause of 

type2 DM is a combination of resistance to insulin action and an inadequate 

compensatory insulin secretary response (27).  A consequence of accompanying 

insulin resistance and obesity is major risk factors for the development of this disease. 

        The criteria that suggest the diagnosis of diabetes mellitus is presented in table 3 

(27). 

 

Table 3 Diagnosis criteria for diabetes. 

 

Diabetes mellitus may be diagnosed by any one of three methods.  Whatever method is used it 

must be repeated on a subsequent day. 

1. Symptoms of diabetes plus random (non-fasting) plasma glucose ≥ 200mg/dl.  

The blood of examination of glucose may be drawn at any time of day and 

without regard to time since the last meal.  The relevant symptoms of diabetes 

include polyuria, polydypsia and unexplained weight loss (or) 

2. Fasting plasma glucose ≥ 126 mg/dl.  Fasting is defined as no caloric intake for at 

least 8 h (or) 
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3. Two-hour postprandial glucose ≥ 200 mg/dl during an oral glucose tolerance test 

(OGTT).  The test should be performed using a glucose load containing the 

equivalent of 75 g of anhydrose glucose dissolved in water (this method is not 

recommended for routine clinical use) 

Categories of 2-h postprandial glucose (2hPG) include: 

1. 2hPG < 140 mg/dl = normal glucose tolerance 

2. 2hPG ≥ 140 mg/dl and < 200 mg/dl = impaired glucose tolerance (IGT) 

3. 2hPG ≥ 200 mg/dl = provisional diagnosis of diabetes (this must be confirmed on 

subsequent day) 

Categories of fasting plasma glucose (FPG) include: 

1. FPG <110 mg/dl = normal fasting glucose 

2. FPG ≥110 mg/dl  and < 126 mg/dl = Impaired fasting glucose (IFG) 

3. FPG ≥126 mg/dl = provisional diagnosis of diabetes (this must be confirmed on 

subsequent day) 

___________________________________________________________________________ 
(Manfredi M, McCullough MJ, Vescovi P, Al-Kaarawi ZM, Porter SR. Update on diabetes mellitus 

and related oral disease. Oral Dis 2004; 10: 187-200.) 

 
        Type2 DM can usually be managed with control of dietary carbohydrates, control 

of body weight and increased physical activity.  If this fails to adequately reduce blood 

glucose levels, oral hypoglycaemic agents are required in addition to diet control (17). 

        A mild spectrum of oral manifestations of diabetes mellitus have been reported 

including; xerostomia, periodontal disease, fungal infection, dental caries, taste 

impairment, burning mouth, lichen planus, geographic tongue and fissured tongue 

(17,28). 

        Smoking is a risk factor of cardiovascular disease and diabetes mellitus and it is 

life-style that often found in patients with metabolic syndrome.  It may induce many 

oral manifestations including tooth discoloration (18), smoking associated melanosis 

(29,30), periodontitis (31,32), oral leukoplakia (33) and oral candidiasis (34). 

 
Management of the Patients with Metabolic Syndrome  

        The primary goals of treating metabolic syndrome are the prevention of CVD and 

type2 DM events (9).  The starting point for the treatment of the metabolic syndrome 
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is therapeutic life-style changes including dietary modification, weight loss, increased 

physical activity and discontinuation of smoking (3,16,35,36). 

        While therapeutic life-style change is recommended as a necessary component of 

all treatment regimens for patients with the metabolic syndrome, it may not be 

sufficient to reduce the risk of cardiovascular disease in all patients.  Aggressive 

pharmacologic therapy is vital to patients who exhibit multiple metabolic 

abnormalities and to patients for whom compliance with therapeutic life-style change 

is an issue (3,16). 

        Drugs that used in the metabolic syndrome include: 

1. Drugs used for managing insulin resistance 

        At the moment, no drug used in the treatment of type2 DM has been licensed for 

the use in metabolic syndrome patients without overt type2 DM.  However, there is 

accumulating evidence that some of these drugs may delay onset of new type2 DM 

and reduce CVD risk in patients with prediabetes (IGT or IFG) or metabolic syndrome 

(3,9).  These drugs are biguanides group (metformin), meglitinides group (nateglinide, 

repaglinide), thiazolidinediones group (pioglitazone), ACE inhibitors (ramipril), etc. 

2. Antiobesity drugs 

        The primary goal of antiobesity drug therapy is to restore the balance between 

energy intake and expenditure.  In order to achieve this goal, pharmacologic therapy 

may reduce energy intake by decreasing hunger, increasing satiety or decreasing 

nutrient absorption. Energy equilibrium may also be achieved by increasing the 

metabolic rate of the patient, thereby increasing energy expenditure (16). 

        Currently, antiobesity drugs approved by the US Food and Drug Administration 

(FDA) for long-term use are (16) : 

- sibutramine (Reductil ®) 

This drug employs serotonin and norepinephrine blockade to reduce 

hunger, causing patients to feel full with less food. 

- orlistat (Xenical ®) 

This drug works by inhibiting absorption of about 30% of dietary fat 

from the gut.  Orlistat has never been reported to cause any abnormality in 

the oral cavity. 

3. Drugs used for managing dyslipidaemia  
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        These drug groups include statins group (simvastatin, atorvastatin), fibrates group 

(fenofibrate, gemfibrozil), nicotinic acid and acid sequestrants group (16).  

4. Antihypertensive drugs 

        Antihypertensive drugs have several groups that include (37)  

• β-blocker group 

• ACE inhibitor group 

• Calcium channel blocker group 

• Thiazide/thiazide diuretic group 

• Alpha-blocker group 

• Angiotensin II receptor blocker group 

        Although, no particular antihypertensive drug is currently recommended as first 

choice in patients with the metabolic syndrome, the rate of new onset type2 diabetes in 

hypertensive patients with the metabolic syndrome may also depend on the choice of 

antihypertensive agent (9).  ACE inhibitors and angiotensin receptor blockers are 

group of antihypertensive drugs that reduce elevated blood pressure through the 

process of vasodilatation, which may actually overcome insulin resistance by 

increasing insulin-mediated glucose uptake.  Because of this action, ACE inhibitors 

and angiotensin receptor blockers may improve insulin sensitivity and may be 

especially appropriate for patients with the metabolic syndrome (38).  

        However, there were some studies which reported that other groups of 

antihypertensive drugs, thiazide diuretic and β-blockers, may increase the risk factor 

for type2 DM (38).  

 

The Oral Manifestations that May Be Found in the Patients with Metabolic 

Syndrome 

        1.  Dental caries 

        The principal properties of saliva which protect the teeth against caries are: (1) 

the dilution and clearance of dietary sugars, (2) the neutralizing and buffering of the 

acids in plaque and (3) the provision of ions for remineralization (39).  Consequently, 

the reduced saliva from drug used in metabolic syndrome can increase the prevalence 

of dental caries due to lost of these natural functions.   

        2.  Periodontal disease 
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        Uncontrolled or poorly controlled diabetes mellitus may give rise to an increase 

of periodontitis (40).  Previous report has suggested that the oral flora in patients with 

diabetes mellitus is different from that of healthy subjects.  Experimentally induced 

diabetes mellitus in rats causes a shift in the subgingival bacteria to a more 

periodontopathic flora, predominantly composed of Gram-negative bacteria (41).  

Polymorphonuclear (PMN) leukocyte function can be reduced in diabetes mellitus 

leading to impaired host resistance to infection (42).  Any increased risk of periodontal 

diseases in diabetes mellitus may be influenced by hyperglycemia-associated 

reduction in cell proliferation and growth, and synthesis of collagen and 

glycosaminoglycans (43).  

        3.  Abnormality in the oral mucosa (44) 

              3.1  Fungal infection 

        Candidiasis is the most common fungal infection of the oral cavity and is caused 

by an overgrowth of the fungal organism, Candida (45).  The genus Candida 

comprises 150 species, seven of which are recognized as medically important 

pathogens (45). 

        C. albicans is the most prevalent Candida spp. isolated either from the oral cavity 

both in diabetic patients and healthy individuals (22-24).  Colonization by Candida in 

the oral cavity not necessarily equate to infection ; longitudinal studies have shown 

that a significant proportion of healthy individuals continuously harbor C. albicans 

(45).  The reported carriage rate varies from 25% to 75% depending on the population 

sample and the sensitivity of the sampling technique (45). 

        Many factors can increase susceptibility to oral candidiasis.  These include 

immunosuppression, endocrinopathies, nutritional deficiency, medication, 

malignancies, dental prostheses, epithelial alterations, salivary changes, a high 

carbohydrate diet, age, poor oral hygiene and a history of smoking (46).  The patients 

with metabolic syndrome can often present these predisposing factors and may harbor 

the potential of candidal infection.  

        Although the majority of reports show a correlation between Candida and 

diabetes mellitus (24,25), the notion that candidal infection in diabetes mellitus is 

higher than in healthy individuals, remains unresolved.  It has been reported that the 

frequency and density of candidal colonization, and the development of oral 
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candidiasis in diabetic patients seem to be the result of combination of host and fungal 

risk factors (e.g. degree of glycaemic control, dentures, smoking habits), rather than 

any other single factor (26).  But results of some studies are contradictory.  It was 

found that patients with diabetes mellitus were no more likely to harbor yeast in their 

oral cavity than healthy individuals, thus diabetes itself might not place a person at 

increased risk of fungal carriage or clinical infection although the patients had poor 

diabetic control (47). 

        Oral candidiasis is often asymptomatic, but patients may periodically complain a 

burning sensation, dysphagia, or an altered sense of taste.  It may affect any mucosal 

surface and appears in a variety of clinical presentations including (48) 
1. Pseudomembranous candidiasis (thrush)  

        It appears as creamy, white, curd milk-like plaque on the tongue, palate, and 

buccal mucosa.  The lesion can be wiped away, leaving an erythematous base.  It is 

frequently observed in immunosuppressed patients. 

2. Erythematous candidiasis 

        It appears as erythematous patches, usually located on the palate or dorsum of the 

tongue with concurrent loss of papillae.  This form may follow the exposure to broad-

spectrum antibiotics. 

3. Candida-associated lesions 

3.1  Denture stomatitis (denture sore-mouth) 

        It appears as an erythematous area beneath the denture-bearing surface.  These 

frequently asymptomatic lesions are associated with poor oral hygiene and chronic use 

of prosthesis. 

        Three clinical varieties of denture stomatitis are described 

        Type I : A localized simple inflammation or pinpoint hyperemia. 

        Type II : A more diffuse erythema involving a part of, or the entire denture 

covered mucosa. 

        Type III : A granular type (Papillary hyperplasia) commonly involving the central 

hard palate and alveolar ridges. 

       3.2.  Angular cheilitis 

        It is the clinical diagnosis for the majority of lesion affecting the lip commissure, 

when other specific lesions such as recurrent herpes labialis, ulceration due to known 
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trauma, environmental exposure or syphilis are excluded.  It appears as erythematous 

fissures at the lip commissure.  

        3.3.  Median rhomboid glossitis 

        It appears as an erythematous patch with loss of filiform papillae confined to the 

dorsal aspect of tongue, anterior to the circumvallate papillae.  The condition has been 

reported to be particularly prevalent in diabetics patients (49). 

4. Keratinized primary lesions superinfected with Candida 

• Chronic hyperplastic candidiasis (Candida leukoplakia) 

        It includes a variety of clinically recognized conditions in which mycelial 

invasion of the deep layers of the mucosa and the host response is characterized by 

parakeratosis.  It is extremely chronic form of oral candidiasis in which firm and white 

plaque are found on the cheeks, lips, and tongue. 

              3.2  Traumatic (Frictional) keratoses 

        It is described as an isolated area of thickened whitish oral mucosa that is clearly 

related to an identifiable local irritant and resolves following elimination of the 

irritant.  The traumatic keratoses are usually found in association with denture clasp, 

rough edges on dentures or broken teeth, on the lip of heavy cigarette smokers, and on 

the buccal mucosa opposite the molar teeth. 

              3.3  Leukoplakia and erythroplakia 

         Luekoplakia : The term oral leukoplakia has recently been redefined as a 

predominantly white lesion of the oral mucosa that can not be characterized as any 

other definable lesion, some oral leukoplakia will transform into cancer. 

        No etiology has been identified in true oral leukoplakia.  However, there are 

several known risk factors.  Tobacco use is the most clearly defined risk factor. 

        Erythroplakia: The term oral erythroplakia has been redefined as a bright red, 

velvety lesion that likewise cannot be characterized by similar criteria as any other 

disease.  The lesion has been implicated in the development of oral cancer. 

        Clinical types of leuko- and erythroplakia 

Homogeneous leukoplakia 

- Predominantly white, uniformly flat lesion 

- Shallow cracks 

- Smooth or wrinkled surface 
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- Uniform texture 

Nonhomogeneous leukoplakia 

- Predominantly white or white/red lesion 

- Irregularly flat, nodular, or exophytic 

Erythroplakia 

- Identical to leukoplakia except red lesion. 

              3.4  Oral lichen planus and oral lichenoid reaction 

        Oral lichen planus (OLP) is a common disease affecting up to 1-2% of 

population.  OLP predominantly occur in adults older than 40 years, although younger 

adults and children can be affected. 

        Current data suggest that OLP is a T-cell-mediated autoimmune disease in which 

autocytotoxic CD8+ T cells trigger the apoptosis of oral epithelial cells.  However; the 

precise cause of OLP is unknown.  Controversy of incidence of diabetes mellitus in 

patients with OLP has been reported (50,51). 

        The complaints of some patients are a roughness of the lining in the mouth, 

sensitivity of the oral mucosa to hot or spicy foods or oral hygiene products, painful 

oral mucosa, sore gum, red or white patches on the oral mucosa, red gum or oral 

ulceration. 

        Oral mucosal lesions are various and present as white striations (Wickham striae), 

white papules, white plaques, erythema (mucosal atrophy), erosions, or blisters.  The 

lesions predominantly affect the buccal mucosa, tongue, and gingivae although other 

sites are occasionally involved.  They are usually bilateral and appear as a mixture of 

clinical subtypes.  For example, white streaks and gray streaks may form a linear or 

reticular pattern on an erythematous background.  Alternatively, a central area of 

erosion may have a yellowish surface (fibrinous exudate) surrounded by an area of 

erythema. 

        The most severe and painful lesions of OLP develop in the erosive and ulcerative 

forms.  The bulla form is rarely found because the bullae are easily ruptured and may 

be observed in the erosive form of OLP. 

        Oral lichenoid reaction 

        The feature of lichenoid reactions and lichen planus is originally similar clinical 

and light microscopic appearance of the lesions.  Lichenoid reactions are differentiated 
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from lichen planus on the basis of the association of lichenoid reaction with 

administration of a drug or systemic disease and their resolution is occurred when the 

drug is discontinued or the disease has been treated.  

Oral lichenoid drugs reaction may be triggered by systemic drugs including 

- Antimicrobial group - Non-steroidal anti-inflammatory drugs 

- Antiparasitics              - Oral hypoglycaemic agent of the  

                                            Sulfonylurea Type 

- Antihypertensives       - Uricosuric agents 

- Antiarthritis                -  Miscellaneous drugs   

- Anxiolytics  

        Many drug used in patients with metabolic syndrome can induce oral lichenoid 

reaction such as ACE inhibitors group (captopril, enalapril), β-blocker group 

(propranolol), thiazide/ thiazide diuretic group (hydrochlorothiazide, furosemide), 

methyldopa, sulfonylureas group (tolbutamide), etc. 

        Furthermore, Dental restorative materials including amalgams, cobalt and gold 

have been implicated as causes of oral lichenoid reactions.  Even flavorings and 

plastics can be important in the pathogenesis and management of patients with oral 

lichenoid reaction. 

              3.5  Traumatic ulcer 

        Traumatic ulcer is common and caused by a sharp or broken teeth, rough fillings, 

dental instruments, biting, denture irritation, sharp foreign bodies, self- induce 

mechanical trauma, chemicals, heat, burns, etc. 

        The ulcer usually heals spontaneously or after removal of the cause without 

scarring within 6-10 days.   

              3.6  Varices 

        Pathologic dilatations of veins or venules are varices or varicosity and the oral 

tissue, the ventral tongue is the chief site of involvement.  Varicosities become 

progressively prominent with increasing age, so lingual varicosities are encountered in 

the elderly.  They appear as tortuous serpentine blue, red or purple elevations with 

extension anteriorly at the ventrolateral surface of the tongue.     

        A focal dilation of a vein or group of venules is known as a varix.  This lesion 

also tends to occur in the elderly and is primarily located on the lower lip, appearing as 



Fac. of Grad. Studies, Mahidol Univ. 
 

M.Sc. (Oral Medicine) / 17

a focal raised pigmentation.  Varix may be blue, red, or purple and the surface mucosa 

is often lobulated or nodular. 

              3.7  Smoker’ melanosis  

        Abnormal melanin pigmentation of oral mucosa has been linked to cigarette 

smoking.  The anterior labial gingival is most commonly affected.  The intensity of 

pigmentation is time and dose related. 

              3.8  Fibrous inflammatory hyperplasia 

3.8.1. Fibroma 

        Fibroma is the most common benign tumor of the oral cavity and originated from 

the connective tissue.  It is rather reactive fibrous hyperplasia in response to local 

irritation or trauma than a true neoplasm. 

        The lesion typically presents as an asymptomatic, well-defined, firm, sessile or 

pedunculated tumor with a smooth surface of normal epithelium.  It is commonly 

found in individual between 40 to 60 years old of both sexes. 

3.8.2 Epulis fissuratum 

         This lesion is associated with the periphery of ill-fitting denture which the 

growth is often split by the edge of the denture, one part of the lesion lying under the 

denture and the other between the lip or cheek and the outer denture surface. 

              3.9  Fissure tongue 

        Fissure tongue occurs as a normal variant affecting less than 10% of the 

population.  Factors associated with increased prevalence and degree of tongue 

fissuring are age, salivary hypofunction, possibly vitamin B deficiency, candidiasis or 

lichenoid lesion. 

              3.10  Geographic tongue (erythema migrans) 

        Geographic tongue is a relatively common benign condition, primarily affecting 

the tongue and rarely other oral mucosa site (geographic stomatitis).  The etiology 

remains unknown.  Clinically, the condition is characterized by multiple, well 

demarcated, erythematous, depapillated patches, typically surrounded by a slightly 

elevated whitish border, and usually restricted to the dorsum of the tongue.  

Characteristically, the lesions persist for a short time in one area, then disappear 

completely and reappear in another area.  The condition is usually asymptomatic, and 

often coexists with fissured tongue. 
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3.11 Glossitis 

        The term of glossitis is frequently used to describe tongue changes, particularly 

those in which portions of the tongue appear denuded or redder than usual (44).  The 

etiologies of glossitis are numerous.  Vitamin B1-6-12, folic acid and iron deficiency, 

some systemic diseases such as syphilis, Plummer-Vinson syndrome, drugs reactions 

and anemia can present the glossitis.  Additionally, glossitis may be founded in 

monomial infections.  The surface of tongue is predisposed to glossitis from these 

etiologies and deep-seated lesions or indurations are rarely involved (52). 

        Some drugs that used in patients with metabolic syndrome can induce the 

glossitis such as ACE inhibitors group and atrovastatin (18-21). 

              3.12  Non specific oral ulcer 

        Some drugs used in the patients with metabolic syndrome such as statins group 

and ACE inhibitors group can induce non specific oral ulceration (18-21).   

        4.  Xerostomia 

        Xerostomia, or dry mouth, is the abnormal reduction of saliva and can be a 

symptom of certain diseases or be an adverse effect of certain medications.  The 

causes of xerostomia are presented in table 4 (53). 

 

Table 4 Causes of long-standing xerostomia 

Iatrogenic 

 Drugs                                    Chemotherapy 

 Local radiation  Chronic graft-versus-host disease 

Diseases of the salivary glands 

Sjögren’s syndrome  Primary biliary cirrhosis 

 Sarcoidosis   HIV disease 

Hepatitis C virus infection  Cystic fibrosis  

Diabetes mellitus  Others 

_________________________________________________________  
Porter SR, Scully C, Hegarty AM. An update of the etiology and management of xerostomia. Oral Surg 

Oral Med Oral Pathol Oral Radiol Endod 2004; 97: 28-46 (53).  
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        In addition, aging is doubted that it may effect the decreasing of saliva.  Many 

older adults complain dry mouth and experience the deleterious consequences of 

saliva hypofunction. (54).  The “normal” aging process has been suggested as an 

etiological factor for salivary dysfunction (28,29).  However, previous longitudinal 

study demonstrated that salivary gland function was age-stable in healthy adults (55). 

        Many drugs can induce xerostomia.  Xerostomia is the most common adverse 

drug-related effect in the oral cavity.  To date, xerostomia has been associated with 

more than 500 medications.  In addition, the synergistic effects of medications have 

been recognized and are increasingly common in elderly patients taking multiple 

medications (21,56). 

 
Table 5 Drugs that may give rise to xerostomia 

Drugs with anticholinergic effects 

 Atropine and analogues (antimuscarinics) 

 Tricyclic antidepressants 

 Serotonin reuptake inhibitors 

 Antihistamines 

 Antiemetics 

 Antipsychotics 

Drugs with sympathomimetic actions 

 Decongestants 

 Bronchodilators 

 Appetite suppressants 

 Amphetamines 

Other drugs 

 Lithium 

 Omeprazole 

 Oxybutynin 

 Disopyramide 

 Dideoxyinosine 

 Didanosine 

 Diuretic 
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 Protease inhibitors  

Porter SR, Scully C, Hegarty AM. An update of the etiology and management of xerostomia. Oral Surg 

Oral Med Oral Pathol Oral Radiol Endod 2004; 97: 28-46 (53).   

   

        Some drugs used in the patients with metabolic syndrome and induce xerostomia 

are antiobesity drug (sibutramine) (16), antihypertensive (diuretics group (19,20), β-

blockers group (20), ACE inhibitors group (18-21), antihyperlipidemic (atorvastatin, 

lovastatin, gemfibrosil) (57), and acetyl salicylic acid (ASA) (57).   

        Occasionally, xerostomia may be subjective with no evidence of altered saliva 

flow.  In these patients, xerostomia is often associated with psychological factors (58). 

When xerostomia is accompanied by hyposalivation, there is an increased risk of oral 

disease, such as, dental caries and candidal infection. 

 
Evaluation of the Oral Manifestations in the Patients with Metabolic Syndrome 

        1. Oral examination 

        Inspection, palpation, percussion, probing and exploration are used to examine 

the oral mucosa, dental caries and periodontal disease. 

        2. Measuring of xerostomia 

        A xerostomia questionnaire is a method that measures subjective symptom of 

patients.  The questions for the patients to rate difficulties related to xerostomia in 

chewing, swallowing, talking and sleeping and rate their need to sip water while eating 

dry food or at rest are asked (59,60).  The clinician’s assessment of oral mucosal 

dryness is one method that used for evaluation of subjective and objective symptoms 

(61). 

        There are many methods used to measure the objective symptom.  Measurements 

of salivary output are the most commonly applied objective measures of xerostomia.  

These methods include collections of whole-mouth saliva (unstimulated and 

stimulated) or selective output from each gland (39).  The choice of the salivary 

collection method depends on the investigation being performed.  When, the general 

level of patients’ xerostomia, or the relationships between symptoms and the salivary 

output are studied, whole saliva measurements are considered satisfactory (62).  These 

collections of whole saliva can be done by spitting, draining, sucking or swabbing.  
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All collection is performed over a period of time, usually ≥ 5 minutes.  One study 

categorized salivary secretors into various groups (table 6) whereas rates between 

subjects varied widely, low secretors tended to stay in the low range; high secretors in 

the high range and so on. 

 

Table 6 Classification of whole saliva secretors (39) 

Secretion Rate (ml/min) Very low Low Normal 

Resting Saliva <0.1 0.1-0.3 0.3-0.4 

Stimulated Saliva <0.5 0.5-1.0 1-2 
(Sreebny LM, Banoczy J, Baum BJ, Edge WM, Epstein BJ, Fox PC, et.al. Saliva: Its role in health and 

disease. Int dent J 1992; 42: 291-304.) 

 

        Measurements of the unstimulated whole saliva are the simplest to perform.  

Modified Schirmer test is one of unstimulated whole saliva measurements.  This 

method is an objective, inexpensive, easy-to-perform, well tolerated test for measuring 

mouth dryness and screening for hyposalivation.  The entire procedure takes less than 

5 minutes to perform (63,64,65).  Modified Schirmer strip (VISIONEX, USA) is used 

for this purpose.   

        3. Measuring of candidal level 

        Techniques available for the isolation of Candida within the oral cavity include 

the use of a smear, a plain swab, an imprint culture, collection of whole saliva, the 

concentrated oral rinse, and mucosal biopsy.  Each method has particular advantages 

and disadvantages and the choice of sampling technique is primarily governed by the 

nature of the lesion to be investigated (Table 7) (66) 

 

Table 7 Methods of sampling the oral cavity for the isolation of Candida 

Method Quantitative Advantages Disadvantages 

Imprint Yes Targets infected site 

Differentiates infected and 

carrier state 

Can be difficult to apply 

when defined lesions are 

not evident 

Oral rinse Yes Quantitation of other 

microbes  

Does not localize site of 

infection 
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Table 7 Methods of sampling the oral cavity for the isolation of Candida (continued) 

Method Quantitative Advantages Disadvantages 

Swab No Ease of use Can remove surface 

epithelial layers and should 

be avoided in areas for 

biopsy 

Whole saliva Yes Sensitive for assessing 

candidal carriage 

Chair time required for 

sample collection may be 

lengthy 

Biopsy No Important in the diagnosis 

of chronic hyperplastic 

candidosis 

Invasive and in appropriate 

for majority of infections 

Smear No Widely applicable and 

demonstrates hyphae 

Less sensitive than other 

methods 
(Williams DW, Lewis MAO. Isolation and identification of candida from the oral cavity. Oral Dis 

2000; 6: 3-11.) 

 

        Recently, a new technique, Modified dip-slide test, is developed for isolation of 

Candida.  This technique is cheaper and more convenient.  In addition, it can 

simultaneously identify Mutans streptococci and Lactobacilli which both also 

contribute to dental caries (67).  Thaweboon et.al. graded level of each microflora to 3 

levels, each level is able to infer number of colony of microflora per milliliter (Colony 

forming unit/ml = CFU/ml) (67).  Recently, they modified grading of each microflora 

to 4 scores (unpublished data).  The new grading system is increase in detail to 

evaluate the colony of microflora per milliliter (CFU/ml).  The new grading system is 

presented in table 8. 

 

Table 8 The level of microflora in Modified dip-slide test compared with CFU/ml 

              Level 

microflora 

1 = low 

(CFU/ml) 

2 = medium 

(CFU/ml) 

3 = high 

(CFU/ml) 

4 = very high 

(CFU/ml) 

Mutans 

streptococci 

<103 ≥103-<105 ≥105-< 106 ≥106 
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Table 8 The level of microflora in Modified dip-slide test compared with CFU/ml 

(continued) 

              Level 

microflora 

1 = low 

(CFU/ml) 

2 = medium 

(CFU/ml) 

3 = high 

(CFU/ml) 

4 = very high 

(CFU/ml) 

Lactobacilli <103 ≥103-<104 ≥104-<105 ≥ 105 

Candida <102 ≥102-<103 ≥103-104< ≥ 104 
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CHAPTER III 

MATERIALS AND METHODS 

 

 
Sample selection 

        Three hundred and eighty two patients with metabolic disorders who attend the 

Endocrine clinic, Faculty of Medicine, Chulalongkorn Hospital were assessed for 

metabolic syndrome by the criteria of the International Diabetes Federation.  First, the 

waist circumference was measured.  The measurement tape was placed evenly around 

the bare abdomen at the level of the top of the hip bone.  Waist circumference was 

read and recorded in inches.  The inclusion criteria were 35.4 inches in male and 31.5 

inches in female.  Then levels of triglyceride, HDL-C, FBS and blood pressure were 

evaluated from medical chart record.  Finally, 369 patients were diagnosed of 

metabolic syndrome.  All individuals were fully informed before completing their 

written consent document.  This protocol and consent form was approved by The 

Ethics Committee of the Faculty of Medicine, Chulalongkorn University No.388/2005. 

        The age, sex, medical history, personal and social history, family history, report 

of physical examination and report of laboratory examination were recorded.  Oral or 

denture hygiene procedure, oral symptoms and questions about xerostomia were also 

collected. 

 

Oral examination 

        The appearance of the oral mucosa was examined and recorded.  The areas that 

were inspected included: perioral skin, upper/lower lip, upper/lower vermilion border, 

upper/lower labial mucosa, right and left buccal mucosa, maxillary and mandibular 

gingivae, dorsal tongue, ventral tongue/floor of mouth, hard and soft palate/tonsillar 

area.   

        Oral mucosal dryness was evaluated and two categories of oral dryness were 

classified.  Normal moist mouth was conceded when most of the oral mucosa was 

covered with a film of saliva.  Dry mouth was determined when no visible coating of 
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saliva over most of dorsum of the tongue, buccal and labial mucosa or no pooling of 

saliva on the floor of mouth, but had small discrete amounts of frothy saliva.  

        Dental caries and fillings in all remaining teeth and loss of some teeth were 

recorded by DMFT index.  The meaning of D, M, F, and T were decay, missing, 

filling and teeth.  Periodontal status was recorded by Community Periodontal Index 

(CPI score).  The selected teeth were examined for representative evaluation of all 

teeth in oral cavity.  #17 or #16, #11, #26 or #27, #37 or #36, #31 and #46 or #47 were 

used for evaluation of periodontal status in upper and lower teeth, respectively.  The 

score was classified into 5 level including:  

    x = When only one tooth or no teeth are present in a sextant (third 

molars are excluded unless they function in place of second 

molars) 

    4 = Pathological pocket of 6 mm or more 

    3 = Pathological pocket of 4 or 5 mm 

    2 = Calculus or other plaque retentive factors such as ill-fitting 

crowns or poorly adapted edges of restorations are either seen or 

felt during probing 

    1 = Bleeding observed during or after probing 

    0 = Healthy tissue 

 
Unstimulated whole saliva rate measurement (Modified Schirmer Test) 

        Salivary flow rate was measured between 8.00 and 12.00 A.M. and the patients 

were not allowed to eat, smoke or brush their teeth 2 hours prior to the measurement.  

The patients were asked to sit upright and swallow once to clear secretion in the 

mouth. 

        The modified Schirmer strip was held between cotton pliers and the end of strip 

that have blue dye (0 mm) was touched to the floor of the patient’s mouth either to the 

right or the left of the lingual frenum, with the patient’s tongue slightly raised and 

gently retracted.  The length of wetting on the strip was read, as indicated by the level 

of blue dye on the strip, in millimeters.  At third minute, the strip was removed, 

immediately read and recorded.  When the reading was less than 5 mm, it was 

recorded as 5 mm, and when the reading was greater than the 35 mm, it was recorded 
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as 35 mm.  The patients were considered to have reduced saliva flow rate, when the 

measurement was less than 25 mm in 3 minutes. 

Microbiological methods (Modified Dip-Slide technique) 

        Stimulated whole saliva samples were obtained from all patients by chewing a 

piece of paraffin for 1 minute.  Then, they were asked to spit the saliva in the cup.  The 

spitted saliva from the cup was poured over the surface of a 3-compartment dip-slide 

containing selective media including Mitis-Salivarius Bacitracin agar, Rogosa SL agar 

and CHROMagar for the enumeration of Mutans streptococci, Lactobacilli, and 

Candida species respectively.  The excess saliva was removed by blotting the edge on 

absorbent paper and then the dip-slide was placed into a plastic tube.  The plastic tube 

containing dip-slide was incubated at 37°C for 48-72 h in a 5% CO2 incubator.  The 

colonies of Mutans streptococci, Lactobacilli and Candida were counted under a 

stereomicroscope and checked by Gram staining.  The density of the growth of Mutans 

streptococci, Lactobacilli and Candida were recorded and scored by comparison with a 

chart provided with the test. 

 

Statistical Evaluation  

        Frequency and percent were evaluated for descriptive data.  In SPSS version 13, 

the Pearson chi-square test, the Fisher’s exact test and the Mann-Whitney U test were 

used to assess the association and the Spearman rank correlation was used to assess the 

correlation of variables.  The statistical significance level was set at p ≤ 0.05. 
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CHAPTER IV 

RESULTS 

 

 
        General health status 

        A total of 382 patients whose waist circumference corresponded to the first 

criteria of metabolic syndrome (male ≥ 35.4 inch and female ≥ 31.5 inch) were 

evaluated for levels of triglyceride, HDL-C, FBS and blood pressure.  Finally, 369 

patients had been diagnosed with metabolic syndrome.   

        Of these 369 patients, 94 (25.5%) were men and 275 (74.5%) were women.  The 

age of these patients varied from 32 to 88 years old, with the mean age of 63.87 ± 

10.41 years.  The age range in men and women were 36-84 and 32-88 years old, with 

the mean age 62.97 ± 10.56 and 64.18 ± 10.36, respectively.  One hundred and thirty 

eight patients (37.4%) were ≤ 60 years old and 231 patients (62.6%) were ≥ 60 years 

old.  The age range of all patients is presented in Table 9.  

     

Table 9 Number of patients with metabolic syndrome according to age 

Number of patients (%) Age range (years) 

Male Female 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

1 (0.3%) 

14 (3.8%) 

23 (6.2%) 

30 (8.1%) 

23 (6.2%) 

3 (0.8%) 

6 (1.6%) 

22 (6.0%) 

72 (19.5%) 

93 (25.2%) 

72 (19.5%) 

10 (2.7%) 

Total 94 (25.5%) 275 (74.5%) 
 

        Waist circumference of patients with metabolic syndrome varied from 31.5 to 

56.0 inches, with the mean waist circumference of 38.21 ± 3.59 inches.  In men, waist 

circumference varied from 35.5 to 51.0 inches with the mean of 38.85 ± 3.19 inches.  
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In women, waist circumference varied from 31.5 to 56.0 inches with the mean of 

37.99 ± 3.69 inches.  Treatments and general health status of patients with metabolic 

syndrome are presented in Table 10. 

 

Table 10 Number of patients with metabolic syndrome according to treatment and 

general health status  
Treatment 

Triglyceride HDL-C Hypertension Type2 DM 
 

Gender 
no 

data 

UC WC no 

data 

UC WC no 

data 

UC WC no 

data 

UC WC 

Male 7 20 50 9 21 47 0 38 49 6 56 32 

Female 27 65 140 31 69 131 1 118 119 16 175 84 

Total 309 (83.74%) 308 (83.47%) 325 (88.08%) 369 (100%) 

 UC = un-controlled, WC= well-controlled  
 

        All patients in this study had diabetes mellitus (DM).  The glycaemic control was 

determined by the level of glycosylated hemoglobin (HbA1c).  Data of HbA1c in 22 

patients were not available therefore only 347 patients were analyzed.  It was found 

that 116 (31.4%) patients were well controlled DM whereas 231 (62.6%) were un-

controlled DM.  Hypertension was the second most frequent disease which found in 

325 (88.1%) patients.  Along with 309 patients (83.7%) had dyslipidaemia.  

        All patients were taking one or more medications.  The medications often used by 

the patients were antilipidaemic drugs, antihypertensive drugs, antidiabetic drugs and 

acetyl salicylic acid (ASA).  Elderly patients (≥ 60 years old) were significantly more 

likely to use medications daily than younger ones (p ≤ 0.05).  The number of 

prescribed medications varied from 1 to 10.  The mean number of prescribed 

medications was 4.74 ± 1.73 with the mode at 5.  Figure 1 presents the distribution of 

patients according to the number of medication used. 
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35 ( 9%)

136 (37%)198 (54%)

1 to 2

3 to 4

more than 4

 
Fig 1: Distribution of patients with metabolic syndrome regarding to the number 

of prescribed medications    

 

        For the treatment of metabolic syndrome, life style change and diet control were 

challenged in some patients.  However, most of patients received pharmacologic 

interventions.  Details of medications used in the treatment for patients with metabolic 

syndrome are presented in Table 11. 
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        Three groups of medications were reported to induce xerostomia.  These include 

antilipidemic, antihypertensive and ASA.  Figure 2 presents distribution of patients 

with metabolic syndrome according to xerogenic medications used.  Along with these, 

almost all patients (97%) used xerogenic medications. 

 

157 (42%)

144 (39%)

10 (3%)
58 (16%)

no 

1 to 2
3 to 4

more than 4

 
Fig 2: Distribution of patients with metabolic syndrome regarding to the number 

of xerogenic medications    

 

        Personal habits of the patients with metabolic syndrome, i.e., smoking and 

drinking are presented in Table 12.  Male patients were likely to smoke and drink 

more than female.  Significant association between gender and smoking or drinking 

habits were found (p ≤ 0.05). 

    

Table 12 Number of patients with metabolic syndrome and personal habits  

Personal habits Sex 

           Male             Female 

Total p-value 

Smoking           Yes 

                         Former 

                         Never 

Total 

     11 (3.0%)            5 (1.4%) 

     43 (11.7%)         12 (3.3%) 

     40 (10.8%)       258 (69.9%)   

     94 (25.5%)       275 (74.5%) 

16 (4.3%) 

55 (14.9%) 

298 (80.0%) 

369 (100%) 

0.001 
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Table 12 Number of patients with metabolic syndrome and personal habits 

(continued) 

Personal habits Sex 

           Male             Female 

Total p-value 

Drinking           Yes 

                         Former   

                         Never 

Total 

     15 (4.1%)              3 (0.8%) 

     29 (7.9%)            10 (2.7%) 

     50 (13.6%)         262 (71.0%) 

     94 (25.5%)         275 (74.5%) 

18 (4.9%) 

39 (10.6%) 

312 (84.6%) 

369 (100%) 

0.001 

 

        Oral mucosal status and related factors      

        Two hundred and three patients (55.0%) had one or more oral mucosal 

manifestations.  One hundred and fifty nine patients (43.1%) had one manifestation.  

Thirty-eight patients (10.3%) had 2 manifestations and 6 patients (1.6%) had 3 

manifestations, respectively.  These oral mucosal manifestations are presented in 

Table 13. 

 

Table 13 Number of patients with various oral mucosal manifestations 

Oral mucosal manifestations Number % 

Fissured tongue 153 41.5 

Denture stomatitis    (from total subjects) 

                                 (from denture wearers) 

34 

34 

9.2 

19.3 

Depapillated tongue (glossitis) 11 3.0 

Oral lichenoid reaction or Oral lichen planus 8 2.2 

Traumatic ulcer 8 2.2 

Varicosity 8 2.2 

Smoker’s melanosis 7 1.9 

Frictional keratosis 5 1.4 

Other melanin pigmentation 5 1.4 

Pseudomembranous Candidiasis 5 1.4 

Angular cheilitis 2 0.5 

Geographic tongue 2 0.5 
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Table 13 Number of patients with various oral mucosal manifestations (continued) 

Oral mucosal manifestations Number % 

Fibroma 2 0.5 

Median rhomboid glossitis 1 0.3 

 

        Table 14 presents the association between oral mucosal manifestations and some 

significant factors.  Chi-square was used to analyze the association between oral 

mucosal manifestations and age, gender, prescribed medications, general health status, 

complaint of mouth dryness, oral mucosal dryness or smoking.  Unfortunately, no 

significant association between oral mucosal manifestations and these factors was 

found (p > 0.05). 

 

Table 14 Association between oral mucosal manifestations and some significant 

factors 

Factors     Oral mucosal manifestations 

Yes                            No 

p-value 

Gender                             Male 

                                         Female 

      50 (13.6%)            44 (11.9%)          

     153 (41.4%)          122 (33.1%)          

0.681 

Age ( years)                     31-40  

                               41-50  

                               51-60  

                               61-70 

                               71-80 

                               81-90 

        4 (1.1%)                3 (0.8%)            

       20 (5. 4%)             16 (4.3%) 

       50 (13.6%)            45 (12.2%) 

       69 (18.7%)            54 (14.6%) 

       55 (14.9%)            40 (10.8%) 

         5 (1.4%)                8 (2.2%)            

0.846 

Medications (number)       1-2 

                                           3-4 

                                           ≥ 4     

     16 (4.3%)               19 (5.2%)            

      82 (22.2%)             54 (14.6%)          

   105 (28.5%)             93 (25.2%)          

0.215 

Hypertension                     Yes 

                                           No 

   181 (49.0%)           144 (39.0%)          

      22 (6.0%)               22 (6.0%)            

0.476 

Dyslipidaemia                   Yes 

                                           No 

   167 (45.3%)           145 (39.3%)          

     36 (9.7%)               21 (5.7%)            

0.179 
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Table 14 Association between oral mucosal manifestations and some significant 

factors (continued) 

Factors     Oral mucosal manifestations 

Yes                            No 

p-value 

Xerostomia                        Yes 

                                           No 

      93 (25.2%)             64 (17.3%)          

   110 (29.8%)           102 (27.7%)          

0.161 

Oral mucosal dryness        Yes 

                                           No 

    114 (30.9%)             89 (24.1%) 

     89 (24.1%)             77 (20.9%)          

0.625 

Smoking                            Yes 

                                       Former 

                                           No 

     13 (3.5%)                 3 (0.8%)            

     31 (8.4%)               24 (6.5%)            

   159 (43.1%)           139 (37.7%)          

0.090 

 

        In addition, the Mann-Whitney U test was used to evaluate the association 

between oral mucosal manifestations and level of HbA1c and salivary flow rate.  

However, there was no statistically significant association between number of oral 

mucosal manifestations and both factors (p = 0.62 and p = 0.09 respectively). 

        In this study, there were 176 (47.7%) denture wearers.  Of these, fifty one 

(28.9%) patients had partial dentures whereas 125 (71.0%) patients had complete 

dentures.  One hundred and sixty (90.9%) patients cleaned their dentures every day.  

One hundred and thirty seven (77.8%) patients removed their dentures at night and 

127 (72.2%) patients practiced both behaviors.  

        Chi-square and Fisher’s Exact test were used to analyze the association between 

denture stomatitis and related factors as presented in Table 15.  Denture stomatitis was 

found to be significantly associated with candidal level (p ≤ 0.05) but no statistically 

significant association was found between denture stomatitis and cleansing of denture 

or denture removal at night (p > 0.05).  
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Table 15 Association between denture stomatitis and related factors 

      Related factors        Denture stomatitis 

    Yes                         No              

p-value 

Cleansing denture                 Yes  

                                               No    

        30 (17.0%)           130 (73.9%)     

          4 (2.3%)               12 (6.8%)       

0.516 

Denture removal at night      Yes  

                                               No    

         23 (13.0%)           114 (64.8%)     

        11 (6.3%)               28 (15.9%)     

0.111 

Candidal level         1 (low) 

                                2 (medium) 

                                3 (high) 

                                4 (very high) 
* saliva can’t be collected from 15 patients  

          8 (4.9%)               57 (43.3%)     

          5 (3.0%)               34 (20.5%)     

        11 (6.6%)               21 (12.7%)     

           8 (4.8%)               22 (13.3%)     

0.006 

 

        Additionally, the Mann-Whitney U test was used to evaluate the association 

between denture stomatitis and level of HbA1c.  The result showed no significant 

association between these two factors (p = 0.49). 

        In this study, 11 patients (3.0%) presented glossitis and 8 patients (2.2%) 

presented oral lichenoid reaction.  Several medications have been reported to induce 

glossitis or oral lichenoid reaction.  The medications that have been revealed to induce 

glossitis include; ACE inhibitors and statin.  And the medications that have been 

revealed to induce oral lichenoid reaction include; Sulfonylurea, ACE inhibitors, β-

blocker, diuretic and ASA.  The medications that were prescribed in each patient who 

had glossitis and oral lichenoid reaction are shown in Tables 16 and 17. 

 

Table 16 Patients with glossitis and prescribed medications  

Patients with 

glossitis 

Prescribed medications 

1 

2 

3 

4 

SU, MFM, Statin, β- blocker, CCB, Diuretic 

MFM, Statin, β- blocker, CCB 

Statin, Fibrate, ARB, β- blocker, CCB, Diuretic 

SU, MFM, Statin, β- blocker, Diuretic 
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Table 16 Patients with glossitis and prescribed medications (continued) 

Patients with 

glossitis 

Prescribed medications 

5 

6 

7 

 

8 

9 

10 

11 

SU, MFM, Statin, ACE inhibitors 

SU, MFM, ACE inhibitors 

MFM, Glucosidase inhibitors, Insulin, Statin, ACE inhibitors, 

Diuretic, ASA  

MFM, TZD, Insulin, Statin 

SU, MFM, ACE inhibitors 

SU, MFM, ACE inhibitors, Diuretic 

SU, MFM, Glucosidase inhibitors, TZD, Statin, Diure 
 

SU= Sulfonylureas, MFM=Metformin, TZD=Thiazolidinediones, ACEI=Angiotensin converting 

enzyme inhibitors, ARB=Angiotensin receptor blockers, CCB=Calcium channel blockers, ASA=Acetyl 

salicylic acid 

 

Table 17 Patients with oral lichenoid reaction and prescribed medications  

Patients with oral 

lichenoid reaction 

Prescribed medications 

1 

2 

3 

4 

5 

6 

7 

8 

SU, MFM, Statin, ACE inhibitors, Diuretic 

SU, MFM, Statin 

MFM, Insulin, Statin, ARB, CCB, Diuretic, ASA 

TZD, Insulin, Statin, ACE inhibitors, CCB 

SU, MFM, Statin 

SU, MFM, Fibrate, ACE inhibitors 

SU Statin, ACE inhibitors 

SU, MFM, Insulin, Statin, ARB, β- blocker, CCB, Diuretic, 

ASA 
SU= Sulfonylureas, MFM=Metformin, TZD=Thiazolidinediones, ACEI=Angiotensin converting 

enzyme inhibitors, ARB=Angiotensin receptor blockers, CCB=Calcium channel blockers, ASA=acetyl 

salicylic acid 
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        The association between glossitis or oral lichenoid reaction and some medications 

are presented in Tables 18 and 19.  Nevertheless no significant association between 

these two oral mucosal conditions and these medications were detected (p > 0.05). 

 

Table 18 Association between glossitis and medications 

Medication Glossitis 

  Yes                           No                

p-value 

ACE Inhibitors            Yes 

                                      No 

5 (1.4%)              176 (47.7%)        

6 (1.6%)              182 (49.3%)        

0.601 

Statin                            Yes 

                                      No 

        8 (2.2%)               242 (65.6%)        

3 (0.8%)              116 (31.4%)        

0.100 

 

Table 19 Association between oral lichenoid reaction and medications  

          Medication     Oral lichenoid reaction 

  Yes                        No                  

p-value 

SU                                Yes 

                                      No 

6 (1.6%)             204 (55.3%)        

2 (0.6%)              157 (42.5%)        

0.474 

ACE inhibitors             Yes  

                                      No 

3 (0.8%)              178 (48.3%)    

         5 (1.4%)              183 (49.5%)        

0.724 

β-blocker                     Yes 

                                      No 

1 (0.3%)              100 (27.1%)        

         7 (1.9%)              261 (70.7%)        

0.455 

 

Diuretic                       Yes 

                                              No 

         3 (0.9%)              147 (39.8%)        

         5 (1.3%)              214 (58.0%)        

0.100 

ASA                             Yes 

                                      No 

         2 (0.6%)              122 (33.0%) 

         6 (1.6%)              239 (64.8%) 

0.723 

         

        Chi-square or Fisher’s Exact test was used to analyze the association between 

oral candidiasis and candidal level as presented in Table 20.  It has been found that 

there was statistically significant association between oral candidiasis and candidal 

level (p ≤ 0.05). 
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Table 20 Association between oral candidiasis and Candidal level 

       Related factors           Oral candidiasis 

  Yes                          No             

p-value 

Candidal level         1 (low) 

                                2 (medium) 

                                3 (high) 

                                4 (very high) 

          0 (0%)                 199 (56.2%)     

         2 (0.6%)                68 (19.2%)     

         1 (0.3%)                45 (12.7%)     

         2 (0.5%)                37 (10.5%)     

0.012 

 

        The Mann-Whitney U test was used to evaluate the association between oral 

candidiasis and HbA1c level or salivary flow rate.  Again, there was no statistically 

significant association between oral candidiasis and these factors (p = 0.32 and p = 

0.66 respectively). 

 

        Xerostomia and salivary flow rate 

        Patients who answered “yes” in at least 1 question of xerostomic questionnaire 

were evaluated to have symptom of dry mouth.  One hundred and fifty seven (42.5%) 

patients had xerostomia.  The number of patients who answered “yes” or “no” in each 

question of xerostomia questionnaire is presented in Figure 3. 
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Fig 3: Number of patients with answer “yes” or “no” at each question of xerostomia 

questionnaire 
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( Q1=Do you sip liquids to aid in swallowing dry food ?, Q2=Does your mouth feel dry when eating a 

meal ?, Q3=Do you have difficulties swallowing any food ?, Q4=Does the amount of saliva in your 

mouth seem too little or you don’t notice it ?, Q5=Does your mouth usually feel dry ? ) 

 
Table 21 Number of patients with complaints of xerostomia according to gender and 

age 

                Xerostomia 

Yes                             No             

p-value 

Gender                             Male 

                                         Female 

28 (7.6%)                 66 (17.9%)      

   129 (35.0%)             146 (39.5%)      

0.004 

Age ( years)                     31-40  

                               41-50  

                               51-60  

                               61-70 

                               71-80 

                               81-90 

       3 (0.8%)                   4 (1.1%)        

      12 (3.3%)                 24 (6.5%) 

      38 (10.3%)               57 (15.4%) 

      62 (16.8%)               61 (16.5%) 

      36 (9.8%)                 59 (16.0%) 

       6 (1.6%)                   7 (1.9%)        

0.356 

Xerogenic medications          0 

(number)                              1-2 

                                             3-4 

                                             > 4      

       6 (1.6%)                  4 (1.1%)         

     59 (16.0%)              84 (22.8%)       

      68 (18.4%)             90 (24.4%)       

     24 (6.5%)                34 (9.2%)         

0.708 

 
        Table 21 shows number of patients with complaints of xerostomia according to 

gender, age or range of number of xerogenic medications.  There was only significant 

association between gender and complaints of xerostomia.  Furthermore, no 

statistically significant association was detected between complaints of xerostomia and 

level of HbA1c by the Mann-Whitney U test (p = 0.23).         

        The salivary flow rate in the patients with metabolic syndrome evaluated by 

Modified Schirmer test varied from 5 mm/3 min to 35 mm/3 min, with the mean 

salivary flow rate of 22.68 ± 10.27 mm/3 min.  Two hundred and two (54.7 %) 

patients had hyposalivation defined as salivary flow rate less than 25 mm/3min.  With 

the data of xerostomia and hyposalivation, patients could be separated into four groups 

including; unstimulated whole salivary flow rate < 25 mm/3min with xerostomia, 
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unstimulated whole salivary flow rate < 25 mm/3min without xerostomia,  

unstimulated whole salivary flow rate ≥ 25 mm/3min with xerostomia and 

unstimulated whole salivary flow rate ≥ 25 mm/3min without xerostomia.  Chi-square 

was used to analyze the association between complaints of xerostomia and 

hyposalivation.  Significant association of complaints of xerostomia and 

hyposalivation was found as presented in Table 22 (p ≤ 0.05). 

 

Table 22 Number of patients with complaints of xerostomia and hyposalivation 

 

        Xerostomia 

       Hyposalivation 

 Yes                       No               

p-value 

              Yes  

               No 

       99 (26.8%)           58 (14.7%)     

     103 (27.9%)         109 (29.6%)     

0.006 

 

        Table 23 presents the association between each question of xerostomia 

questionnaire and hyposalivation.  There was significant association between fourth 

question (Does the amount of saliva in your mouth seem too little or you don’t notice 

it?) and fifth question (Does your mouth usually feel dry?) with hyposalivation (p ≤ 

0.05).  However, no association was found between hyposalivation and the other 

questions. 

 

Table 23 Number of patients with each question of xerostomia questionnaire and 

hyposalivation 

Question Hyposalivation 

       Yes                                    No                

p- value 

Q1         Yes 

              No 

Q2         Yes 

              No 

Q3         Yes 

              No 

 

       53 (14.4%)                  38 (10.3%)          

     149 (40.4%)                 129 (35.0%)         

       54 (14.6%)                  37 (10.0%)         

     148 (40.1%)                130 (35.2%)         

       53 (14.4%)                   35 (9.5%)           

     149 (40.4%)                132 (35.8%)         

  

0.440 

 

0.310 

 

0.236 
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Table 23 Number of patients with each question of xerostomia questionnaire and 

hyposalivation (continued) 

Question Hyposalivation 

       Yes                                    No                

p- value 

Q4         Yes 

              No 

Q5         Yes 

              No 

       72 (19.5%)                  29 (7.9%)           

     130 (35.2%)                138 (37.4%)         

       82 (22.2%)                  37 (10.0%)         

     120 (32.5%)                130 (35.2%)         

0.001 

 

0.001 

Q = question 

 

        Normal moist oral mucosa was detected in 166 (45.0%) patients whereas dry 

mucosa was depicted in 203 (55.0%) patients.  Chi-square was used to analyze the 

association between dryness of oral mucosa, and hyposalivation or complaints of 

xerostomia.  The statistically significant association between dryness of oral mucosa, 

and hyposalivation or complaints of xerostomia was found as presented in Table 24. 

 

Table 24 Association between dryness of oral mucosa, complaints of xerostomia and 

hyposalivation 

Oral   

mucosal 

dryness 

         Xerostomia 

    Yes                   No          

p-

value 

        Hyposalivation 

    Yes                   No             

p-

value 

   Moist 

   Dry 

  54(14.6%) 112 (30.4%)    

103(27.9%) 100 (27.1%)  

 0.001   17 (4.6%)    149 (40.4%)   

185(50.1%)   18 (4.9%)   

0.001 

 

        In addition, the Mann-Whitney U test was used to evaluate the association 

between salivary flow rate and xerostomia or dryness of oral mucosa.  Interestingly, 

there were statistically significant association between salivary flow rate and these two 

factors (p = 0.001).         

        Gender, age or range of number of xerostomic medications and hyposalivation 

are presented in Table 25.  From Chi-square analysis, no significant association 

between hyposalivation and these factors was found (p > 0.05).  
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Table 25 Number of patients with hyposalivation and related variable 

Variable Hyposalivation 

Yes                         No 

p-value 

Gender                             Male 

                                         Female 

     47 (12.7%)              47 (12.8%) 

   155 (42.0%)           120 (32.5%)          

0.285 

Age ( years)                     31-40  

                               41-50  

                               51-60  

                               61-70 

                               71-80 

                                        81-90 

      2 (0.5%)                  5 (1.4%)            

     18 (4.9%)                18 (4.9%) 

     45 (12.2%)              50 (13.6%) 

     74 (20.1%)              49 (13.3%) 

     53 (14.4%)              42 (11.4%) 

     10 (2.7%)                 3 (0.8%)            

0.134 

Xerogenic medications          0 

(number)                             1-2 

                                            3-4 

                                   > 4        

      4 (1.1%)                  6 (1.6%)            

    77 (20.9%)              66 (17.9%)          

    85 (23.0%)              73 (19.8%)          

    36 (9.7%)                22 (6.0%)            

0.525 

 

        Furthermore, Spearman rank correlation was used to analyze the correlation 

between declined salivary flow rate and level of HbA1c.  However, there was no 

correlation between salivary flow rate and this factor (r = -0.088). 

 

        Oral microfloras        

        In the survey of oral microflora in the saliva of patients by MDT technique,   

saliva could be collected from 354 patients.  The levels of each microflora were 

graded into 4 groups as modified from the study of Thaweboon et.al..  The numbers of 

patients according to each level of microflora are presented in Figure 4.  
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                     Mutans streptococci

7 (2%)29 (8%)

72 (20%)

246 (70%)

level 1

level 2

level 3

level 4

                
Mutans streptococci : level 1=<103 CFU/ml, level 2=≥103-<105 CFU/ml, level 3=≥105-< 106CFU/ml, level 4= ≥106 

                Lactobacilli

333 (93%)

9 (3%)

9 (3%)

3 (1%)

level 1

level 2

level 3

level 4

 
  Lactobacilli : level 1 = <103 CFU/ml, level 2 = ≥103-<104 CFU/ml, level 3 = ≥104-<105 CFU/ml, level 4 = ≥ 105 

 

               
Candida

199 (56%)

70 (20%)

46 (13%)

39 (11%)

level 1

level 2

level 3

level 4

 
  Candida : level 1 = <102 CFU/ml, level 2 = ≥102-<103 CFU/ml, level 3 = ≥103-<104 CFU/ml, level 4 = ≥ 104 

Fig 4: Number of patients at each level of microfloras 
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        From Chi-square or Fisher’s Exact test, there was statistically significant 

association between hyposalivation and Candidal level (p < 0.05).  But there was no 

association between hyposalivation and Mutans streptococci level or Lactobacilli 

level.  This result is presented in Table 26. 
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        Dental caries and periodontal status 

        There were 310 (84.0 %) patients that had at least 1 natural tooth present.  From 

DMFT score, it was revealed that 184 (49.3 %) patients presented with dental caries in 

at least 1 tooth.  The mean score of dental caries was 1.42 ± 2.2.  Spearman rank 

correlation was used to analyze the correlation between dental caries and related 

factors.  It was discovered that there was no correlation between dental caries with 

Mutans streptococci level (r = -0.088) or Lactobacilli level (r = -0.105). Moreover, the 

declined salivary flow rate and HbA1c were also not correlated with dental caries (r = 

0.043 and -0.011, respectively). 

        The periodontal status was evaluated by CPI score.  There were 192 (64.9 %) 

patients with periodontitis.  No significant association between periodontitis and 

smoking was found. (Table 27) 

 

Table 27 Association between periodontitis and smoking 

             Periodontitis 

       Yes                             No                 

p-value 

Smoking                          Yes 

                                      Former 

                                       Never 

        9 (3.0%)                   3 (1.0%) 

       34 (11.5%)               11 (3.7%) 

      149 (50.3%)              90 (30.4%) 

0.177 

 
        The Mann-Whitney U test was used to evaluate the association between 

periodontitis and salivary flow rate or level of HbA1c.  Over again, there was no 

statistically significant association between periodontitis and these two factors (p = 

0.84 and p = 0.22 respectively) 
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CHAPTER V 

DISCUSSION 
 

 

        This present study was proposed to investigate the prevalence of oral 

manifestations, xerostomia which is the feeling of mouth dryness, hyposalivation 

which represents the reduction of saliva and oral microfloras in patients with 

metabolic syndrome.  Regarding the criteria of metabolic syndrome, two most widely 

used definitions in several studies are the criteria of the WHO reported in 1999 and of 

NCEP: ATP ΙΙΙ (2).  These two definitions are different.  The NCEP: ATPΙΙΙ 

definition utilized waist circumference for the diagnosis of metabolic syndrome as 

opposed to BMI which is used by the WHO (68).  Moreover, the measurement of 

microalbuminuria is not included in the NCEP: ATPΙΙΙ criteria, making it simpler for 

the clinician to diagnose metabolic syndrome. 

        Although with many advantages in clinical use, the limitation of the NCEP: 

ATPΙΙΙ definition is the fixed cut-off point of waist circumference.  Because the 

genetic background can affect the waist circumference, the different prevalence of the 

metabolic syndrome in each ethnic group has been revealed (69).  Boonyavarakul 

et.al. studied about the prevalence of metabolic syndrome in the rural Thai people by 

using the definition of NCEP: ATP ΙΙΙ and the International Association for the Study 

of Obesity (IASO), WHO, with or without modified waist circumference cut-off point 

for Asian population.  The result has been shown that the prevalence of metabolic 

syndrome in the rural Thai people using modified waist circumference cut-off point 

for Asian criteria (23%) was higher than the prevalence of metabolic syndrome in this 

group when waist circumference was used without modification (18%) (13).  This 

indicates that proper waist circumference upon ethnicity is an important factor for the 

study of metabolic syndrome.  

        Recently, a new definition of metabolic syndrome for clinical practice and 

epidemiological studies has been proposed by the International Diabetes Federation.  

A waist circumference criterion has been specifically modified for different gender 
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and ethnic groups (8).  The prevalence of metabolic syndrome in different ethnic 

groups including White, African-American, and Mexican-American have been 

conducted using the definition of IDF and waist circumference specified for each 

ethnic group.  It has been found that the prevalence of metabolic syndrome in each 

ethnic group was different (69).  Ko et.al. investigated the prevalence of metabolic 

syndrome in Chinese people in Hong Kong by criteria of IDF and found that the 

prevalence of metabolic syndrome was 7.4% (70).  This is lower than the prevalence 

found in the US population (39%) (69).  For Thai people, until recently, no specific 

cut-off point of waist circumference in IDF definition has been reported.  Therefore, in 

this study, the cut-off point defined for South Asian and Chinese population has been 

used for waist circumference evaluation since these ethnic groups have the most 

similar nature compared to other ethnic group. 

        From previous reports, the metabolic syndrome was found in combination with 

several conditions including type2 DM and hypertension (14,71).  The prevalence of 

metabolic syndrome combined with each condition was 80% and 47.9%, respectively 

(14,71).  These prevalence reported are unlike the prevalence found in this study 

which are higher.  This may be due to the nature of the subjects in this study since all 

of the subjects were the patients in the Endocrine clinic as opposed to general people 

recruited for the investigation in other previous studies. 

        As mentioned, all participants in this study have already been treated with 

medication for some conditions of metabolic syndrome.  The significant association 

between the number of medications and the age of the subject has been found in this 

study.  This result is comparable to the studies conducted in elderly people in that the 

number of medications was also high (72).  Nevertheless, the mean number of 

medications in this study (4.47±1.73) was higher than that of other study in older 

population (72).  This may lead to the higher prevalence of oral manifestations found 

in this study compared to that in the study of elderly people.    

        The mean age of the patients with metabolic syndrome in this study was 63.87 ± 

10.41 years old corresponding to the age that classified as elderly people (73).  The 

prevalence of oral mucosal manifestations in this study (55.0%) was in the range of 

19.75-83.6% reported by other studies conducted in the elderly (74-81).  A wide range 

of prevalence of oral mucosal manifestations reported seems to be due to different 
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population included in the study, different number of subjects, the type of oral 

mucosal conditions examined and different design of methodology.  Moreover, the 

differences of socioeconomic, age, sex, and habit between populations could have an 

impact on the prevalence of oral mucosal manifestations.  In addition, the number of 

oral mucosal conditions in this study has no significant association with age, gender, 

prescribed medication, physical status, salivary gland function or smoking.  This result 

is contradictory to the study of Lin et.al. who reported the positive association 

between number of oral mucosal conditions and age (76). 

        The prevalence of oral mucosal manifestations in this study (55.0%) is less than 

that found in the study of Jainkittivong et. al. who conducted a study in the elderly 

Thai population (83.6%) (74).  This may be in part due to the subjects of this study 

had no complaint of oral mucosal disorders but the subjects in the study of 

Jainkittivong et. al. were the patients seeking for treatment from a dental school and 

most of these patients had chief complaints of having oral mucosal lesions.  However, 

two studies conducted in the Asian elderly population, the prevalence of oral mucosal 

conditions in these studies was found to be between 19.75-36 % (75,76).  The higher 

prevalence of oral mucosal conditions in this study may be dependent on the subjects 

in this study who had conditions of metabolic syndrome which may induce the oral 

mucosal disorders. 

        In the present study, the most prevalent finding mucosal disorder was fissure 

tongue (41.7%), followed by denture stomatitis (9.2%), depapillated tongue (3.0%) 

and oral lichenoid reaction (2.2%), traumatic ulcer (2.2%), and oral varicosity (2.2%).  

The first four commonly found oral mucosal conditions are similar to oral lesions 

found in elderly Thai population (74).  

        Prevalence of denture stomatitis in this study (9.2%) was higher than those of 

elderly generalized population in other studies (1-6%) (75,77,78).  This is not 

surprising since there were reports about the association between denture stomatitis 

and type2 DM (23) and all of our patients had type2 DM.  The etiology of denture 

stomatitis is considered to be multifactor.  The evidence for the etiology is 

inconclusive and often contradictory.  Classically, the causes of denture stomatitis that 

have been reported earlier are denture trauma, poor oral/denture hygiene, 24-hour 

denture wearer, fungal infection and probably a defect in the host defense mechanism 
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(82,83).  The result of this study supported a positive relationship between Candidal 

level and the presence of denture stomatitis (p ≤ 0.01).  This finding is in consistent 

with another study that the density of oral Candida in denture wearers with denture 

stomatitis was statistically significant higher than non-denture wearers and denture 

wearers without denture stomatitis (84).  However, this is in contrast to some previous 

report which shown that denture stomatitis can be occurred in patients with negative 

Candida culture (85) and vice versa, patients with positive Candida in saliva may not 

develop denture stomatitis (83,84).  Additionally, there was no association between 

oral/denture hygiene and the presence of denture stomatitis in this study.  However the 

contradictory result has been shown from the study of Schou et.al. who presented the 

higher incidence of denture stomatitis in most of individuals with poor oral/denture 

hygiene (86).  Denture hygiene improvement and denture replacement were useful for 

denture stomatitis resolution (87).  With regards to glycaemic control, this study 

disclosed no association between glycaemic control and denture stomatitis.  This is 

similar to study of Dorocka-Bobkowska et.al. (23).  However, Darwazeh et.al. 

reported glycaemic control in type2 DM patients was associated with the presence of 

Candida in the oral cavity (88).  High Candida level is probably associated with the 

presence of denture stomatitis, hence, glycaemic control may also be associated with 

denture stomatitis 

        Regarding the prevalence of depapillated tongue, 3% of all subjects had this 

lesion.  This finding is less than that of the elderly Thai population investigated in the 

dental school (8.2%) (74).  Nevertheless, this result was comparable with several 

elderly previous studies (1-4.4%) (75,76,78,79,81). 

        The prevalence of oral lichen planus and oral lichenoid reaction among the 

elderly was 0.43% to 3% in the previous studies (74-77,80).  The prevalence of both 

lesions in this study was in this range.  Both glossitis and oral lichenoid reaction have 

been induced from several medications (18) and from clinical practice, a lot of patients 

with type2 DM presented with oral lichenoid lesion.  Surprisingly, no significant 

association between medications and oral lichenoid reaction or glossitis was found in 

this study.  Although the side effects of medications used in this study have been 

reported to induce oral lichenoid reaction or glossitis (18), it has been reported that 

these two lesions have not necessarily occurred in all patients who take these 
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medications.  Furthermore, in glossitis, it has been discovered that several causes can 

induce this lesion including; chronic trauma, nutrition deficiency, hematological 

abnormalities, peripheral vascular disease and chronic candidiasis (89). 

        According to smoking habit of the patients, smoking and smoker’ melanosis was 

found higher in men than in women.  This result is in consistent with other studies of 

general Thai population or elderly Thai population in that smoking in men was higher 

than women (90) and smoker’s melanosis was significantly associated with male (74). 

        Traumatic ulcer (2.2%), frictional keratosis (1.4%) and angular cheilitis (0.5%) in 

this study have been found less than the previous studies in elderly population (74,75).  

These two previous studies had denture wearer subjects more than this study.  Denture 

wearer usually presents with angular cheilitis and this relationship might be the 

explanation of this investigation (91). 

        The prevalence of oral candidiasis in this study (1.4%) was found to be higher 

than that studied in Hong Kong Chinese (0.4%) (75).  Since all subjects in this study 

have been diagnosed with type2 DM, this can influence higher candidal infection (46).  

Nevertheless, the prevalence of this lesion is nearly found with those of several studies 

in elderly population (1.75-2.2%) (74,79,80).  The prevalence of candidiasis in this 

study could also be underestimated since Candidal culture was not performed from the 

lesion which can promote candidiasis, such as fissured tongue, depapillated tongue 

(92,93).  If Candida had been cultured from these lesions, the prevalence of 

candidiasis might be higher.    

        Oral candidiasis is the most common fungal infection of oral cavity and is usually 

caused by an overgrowth of the fungal organism, Candida albicans (46,94,95).  

Similarly, this present study has shown that Candida level was significantly increased 

in patients who had oral candidiasis.  It contrasts one previous study which showed 

that candidal load was not significantly increased in patients who had clinical signs of 

oral candidiasis (22).  The immune competence of individuals and/or the presence of 

other predisposing factors can effect colonization by C. albicans (45,96).  If many 

factors are presented, individual may be susceptible to oral candidiasis.  Factors which 

can increase susceptibility to oral candidal level in this study include, glycaemic 

control and hyposalivation.  Nonetheless, no statistically significant association 

between oral candidiasis and glycaemic control or hyposalivation was found in this 
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study.  This is in consistent with previous studies that found no statistically significant 

association between glycaemic control and oral Candidal level (22,24,47).  However, 

Ueta et.al. exhibited the association between diabetes mellitus and oral candidiasis 

(25).  Regarding to hyposalivation and oral candidiasis, Närhi et.al. reported that 

subjects with low salivary flow rate had significantly higher Candidal level than 

subjects with normal salivary flow rate (97).  In addition, Ueta et.al. found that 

unstimulated and stimulated salivary flow rate in patients with oral candidiasis were 

decreased in comparison with those of healthy control subjects (98).  Therefore, 

patients with hyposalivation should be aware and instructed about oral hygiene care 

which has been reported to protect oral candidiasis (99).      

        The present of geographic tongue in this study (0.5%) is in accordance with 

several previous studies in elderly (0.2-1.8%) (75,80,100).  It has been reported that 

geographic tongue is associated with race-ethnicity (100).  That is why the difference 

of prevalence found in each population is not surprising.  Again the prevalence of 

median rhomboid glossitis in this study (0.3%) is comparable with the study of elderly 

in Hong Kong Chinese (0.4%) and Turkish population (0.5%) (75,81).  However, no 

data of median rhomboid glossitis was presented in the study of elderly Thai 

population.  This difference might be due to diagnosis of Jainkittivong et.al. that 

included median rhomboid glossitis in the group of depapillated tongue (74).          

        Xerostomia and hyposalivation are two words that can describe mouth dryness.  

Xerostomia is the subjective feeling of dry mouth, and can therefore be assessed by 

asking individuals whether they have feeling of mouth dryness or not.  Xerostomia 

questionnaire in this study was selected from xerostomia questionnaires reported to be 

used effectively in the evaluation of salivary gland hyposalivation (59,101).  The 

prevalence of xerostomia in this study (42.5%) was higher than those of elderly 

populations in previous studies (12-39%) (54,56,96,101,102,103).  This might be 

explained by the fact that several factors in this population are related to xerostomia.  

Almost all subjects in this study (97%) took xerogenic medications that can induce 

reduction of salivary flow rate (57) although the association between number of 

xerogenic medications and xerostomia has not been found in this study.  In addition, 

there was no association between xerostomia and glycaemic control status though all 

subjects in this study were type2 DM which is similar to the study by Chavez et.al. 
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(104).  Conversely, one previous study found subjects with poorly controlled diabetes 

had significantly lower stimulated parotid salivary flow rate (105).  Nederfors et.al. 

reported the association between xerostomia and age (56,106).  In this study, there was 

no association between xerostomia and age.  Since, the age of subjects in this study 

varied from younger to older and all of them took xerogenic medications.  

Nevertheless, there was significant association between xerostomia and women.  

Similarly, previous studies showed that prevalence of xerostomia in women was 

higher than in men (56,101,107).  It may be because most women in this study were 

menopause stage.  In menopausal women, increase some component of their saliva 

was reported (108).  It may increase viscosity of saliva, so, xerostomia is found in 

women more than in men.       

        Salivary gland hypofunction affects salivary output to be lower than normal.  

Several methods can be used to measure salivary output.  These methods include 

collections of unstimulated saliva (whole or selective salivary gland) and stimulated 

saliva (whole or selective salivary gland) (62).  The method for the salivary collection 

has been depended on the investigation being performed.  A quick, inexpensive, 

acceptable to patients and simple salivary collection method is important.  Whole 

saliva measurements are easier to perform, requiring only simple collection and 

weighing devices and are less time-consuming than taking individual gland 

measurements if compositional data are not desired.  Measurement of unstimulated 

whole saliva is the simplest method to perform.  This collection of whole saliva can be 

done by spitting, draining, sucking or swabbing.  All collection is performed over a 

period of time, usually ≥ 5 minutes. 

        Modified Schirmer test (MST) is a new and simple method of unstimulated whole 

saliva measurement.  It has many advantages.  The entire procedure takes less than 

five minutes to perform.  The strip is inexpensive and it has wide patient tolerability.  

Cut-off point of MST is different in several previous studies (62).  Fontana et.al. 

determined the best cut-off point for MST that would produce high sensitivity and 

specificity for identification patients with unstimulated hyposalivation, they found that 

saliva secretion between 1 to 25 mm/3mins was a good indication of hyposalivation 

(63).  The increase from 10 mm to 25 mm almost did not affect specificity (which is 

rather high), but it significantly increased the sensitivity of test (66,109).  Based on the 
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current data, it has been suggested that a cut-off point of 25 mm/3mins may be used to 

identify patients with hyposalivation.  But the other study suggested that a value of 

10mm/3mins or less using these same strips might be able to identify patients with 

severe hyposalivation (109).  Hence, cut-off point at ≤ 25 mm/3mins was selected in 

this study.  

        Until now, there is no report using MST for the measurement of unstimulated 

whole saliva in patients with metabolic syndrome or any comparison between healthy 

people and patients with metabolic syndrome.  However, there was one study that 

presented a mean salivary flow rate by MST (65).  Salivary secretion in healthy 

control (group1), Sjogren’s syndrome (group2) and patients who have other 

pathologies ( SLE, scleroderma, rheumatoid arthritis and pharmacologically related 

xerostomia) (group3) were measured by MST (65).  The mean salivary flow rates were 

24.55 ± 13.36 mm/3mins, 16.35 ± 14.46 mm/3mins and 22.10 ± 14.04 mm/3mins, 

respectively.  The mean salivary flow rate of the subjects in this study was 22.68 ± 

10.27 mm/3mins which is closest to that of group 3, lower than healthy subjects but 

higher than patients with Sjogren’s syndrome.  It may be assumed that the patients 

with metabolic syndrome have decreased salivary flow rate comparable to patients 

who have some autoimmune diseases and taking medication.  Future study comparing 

the unstimulated salivary flow rate by MST between healthy individuals and patients 

with metabolic syndrome should be investigated. 

        This study presented no significant association between age and hyposalivation.  

Several previous studies have shown controversy association between these two 

factors (55,110-114).  Some studies shown that the salivary flow rate in healthy 

subjects were significantly decreased in the older compared with the younger 

(110,111).  These studies supported past data that shown age related histological 

change in salivary gland (115,116).  Contrarily, other studies demonstrated that 

salivary gland function was age-independent in healthy adults (55,112-114).  These 

studies supported the hypothesis that presented a secretory reverse exists to preserve 

function despite a loss of acinar cells in normal aging.  This study was investigated in 

patients with metabolic syndromes whose age were varied from young adult to elderly 

and all subjects (97%), even in young adult, took xerogenic medications.  This might 

be explained why no association between age and hyposalivation was found.   
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        The relationship between hyposalivation and glycaemic control (HbA1c) was not 

statistically significant in this study.  One previous longitudinal study of salivary 

function under different levels of glycaemic control has shown that unstimulated 

whole salivary flow rate tended to increase as blood glucose concentrations decreased 

but there was no statistic significance (117).  Furthermore, one previous study has 

been revealed that autonomic neuropathies, both parasympathetic and sympathetic 

systems in adult type2 DM were not correlated with unstimulated and stimulated 

whole salivary flow rates (118).  While no significant association between 

unstimulated whole salivary flow rate and glycaemic control was reported, there were 

statistically significant association between stimulated parotid gland salivary flow rate 

and glycaemic control in studies of Chavez et.al. (104,105).  Measurement of 

stimulated whole salivary flow rate should be further investigated and correlation 

between glycaemic control and hyposalivation may be clarified. 

        Surprisingly, there was no association between hyposalivation and number of 

xerogenic medications whereas from studies of Närhi et.al. and Wu et.al. number of 

xerogenic medications and hyposalivation were significantly associated (72,119).  The 

difference might be possible due to duration of taking medications.  Navazesh et.al. 

reported the effect of duration of prescribed medication to hyposalivation, they found 

that the subjects who had been taking medication for longer than 2 years had 

significantly lower unstimulated and stimulated whole salivary flow rates than patients 

had been taking medication for 1 to 2 years (120).  Hence, the effect of duration of 

medication, number of xerogenic medications and salivary flow rate needs to be 

further studied.  

        Association between xerostomia and hyposalivation has been analyzed in order to 

select the questions that can be used in clinical evaluation. The present study used 

questionnaire of Fox and Närhi, four questions of Fox and one question of Närhi 

(59,101).  These questions have been reported to be associated with hyposalivation, 

both unstimulated and stimulated whole saliva (59,101,107,121).  Similarly, 

statistically significant association has been found in this study.  It is contrast to some 

previous studies that shown no significant association between xerostomia and 

hyposalivation (54,106).  It is probably because these two studies used questionnaires 

which were non-specific indication of hyposalivation.  When each question was 
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analyzed separately, there was statistically significant association between the fourth 

question (Does the amount of saliva in your mouth seem to much little or you don’t 

notice it ?) or the fifth question (Does your mouth usually feel dry ?) and 

hyposalivation but no significant association between the first (Do you sip liquids to 

aid in swallowing dry food ?), the second (Does your mouth feel dry when eating a 

meal ?) or the third question (Do you have difficulties swallowing any food ?) and 

hyposalivation was found.  This study has been suggested that both questions may be 

used clinically to evaluate hyposalivation and the patients who have positive answer 

with the other questions should be aware and considered the decrease of salivary flow 

rate. 

        Beside of using the questionnaire to evaluate salivary gland function, clinical 

assessment could predict salivary gland function by inspection of oral dryness.  Oral 

mucosal dryness has significant association with hyposalivation in this study.  

Similarly, Longman et.al. reported that the clinician’s subjective assessment of oral 

dryness was indicative of reduction of unstimulated salivary flow rate (61).  

        In this study, there were no correlations between dental caries and Mutans 

streptococci level, Lactobacilli level, hyposalivation or glycaemic control.  These 

results are contrast to the previous studies that reported correlation of dental caries 

with salivary Mutans streptococci and Lactobacilli (122).  Syrjälä et.al. presented the 

glycaemic control which had a modifying effect on the relation of dental caries and 

salivary factors, the results revealed an association of high level of Mutans 

streptococci and Lactobacilli with dental caries, especially when glycaemic control 

was poor (123).  Almstáhl et.al. showed that increasing of Mutans streptococci and 

Lactobacilli level was associated with hyposalivation.  Hence, hyposalivation was a 

risk factor for dental caries (124).  Contrarily to these studies, in this study, there were 

a high number of dental caries but Mutans streptococci and Lactobacilli have been 

detected in low level.  Difference of diet type and good oral hygiene maintenance in 

each patient may effect to microflora level and dental caries.  

        The prevalence of periodontal disease was found in almost two-third of all 

subjects.  All patients in this study are type2 DM which has been reported to have an 

association with periodontal disease (125,126).  However, no significant association 

between periodontal disease and glycaemic control or hyposalivation was found in this 
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study.  It is contrast to the previous study which shown that the periodontal disease 

was associated with poor glycaemic control and hyperglycaemia (40,125).  It is 

possibly due to limitation of methodology in this study which used cross-sectional 

study.  Periodontal disease is a chronic disease.  Thus the cross-sectional study can not 

explain progression of the disease or the changing of glycaemic level in the patients 

with metabolic syndrome.  Consequently, these findings were needed to be further 

examined.      
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CHAPTER VI 

CONCLUSION 

 

 

        This study has been conducted to examine the oral health status and determine 

the association between oral clinical findings with related factors in the patients with 

metabolic syndrome.  Of 369 patients, the prevalence of oral mucosal manifestations 

was 55.0%.  The most prevalent oral mucosal finding was fissure tongue (41.7%), 

followed by denture stomatitis (9.2%), depapillated tongue (3.0%) and oral lichenoid 

reaction (2.2%), traumatic ulcer (2.2%), and oral varicosity (2.2%).     

        This study has been found that over half of patients (54.7%) had hyposalivation.  

There was significant association between denture stomatitis or oral candidiasis and 

Candida level.  Furthermore, there was statistically significant association between 

hyposalivation and Candida level.  Hence, denture stomatitis and oral candidiasis may 

be highly found clinically in the patients with metabolic syndrome.  Moreover, 

significant association between xerostomia, hyposalivation and oral mucosal dryness 

has been found.  Consequently, the patients who complained xerostomia or exhibited 

oral mucosal dryness should be aware of decreasing salivary flow rate and subsequent 

oral complications, especially oral candidiasis. 

        This study suggests that patient with metabolic syndrome has been related to 

mouth dryness and change of Candidal level.  Awareness, evaluation of hyposalivation 

and Candidal infection and coping with these problems together with the metabolic 

syndrome treatment could beneficially lead to the successful treatment.  Future study 

should be performed from the patients with untreated metabolic syndrome in general 

population.  This future information may lead to the best understanding and treatment 

planning for the people who have metabolic syndrome.  
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ขอมูลและคําชี้แจงสําหรบัผูปวยโครงการวิจัย 
เร่ือง 

“สุขภาพในชองปากกับโรคหลอดเลือดและหัวใจในผูปวยเบาหวานวัยกลางคนและผูสูงอาย”ุ 
 
1. คําชี้แจงเกี่ยวกับงานวิจัยและวัตถุประสงคของการวิจัย 

ผูปวยเบาหวานเสี่ยงตอการเกิดโรคหลอดเลือดและหวัใจและโรคในชองปาก เชน โรคปริ-
ทันต ฟนผ ุ การติดเชื้อในชองปาก น้ําลายแหง และรอยโรคอื่นๆในชองปาก การศึกษานี้มี
วัตถุประสงคที่จะตรวจสุขภาพในชองปากของผูปวยเบาหวาน รวมทัง้ประเมินปจจยัเส่ียงตางๆ ของ
โรคหลอดเลือดและหัวใจ จากนั้นจะหาความสัมพันธระหวางปจจยัเส่ียงเหลานี้กับโรคในชองปาก 
2. คําชี้แจงเกี่ยวกับขั้นตอน วิธีการ ผลขางเคยีง และการปฏิบัตติัวในขณะเขารวมการวิจัย 
1. อาสาสมัครจะไดรับการอธิบายถึงวัตถุประสงคของการวิจัยโดยทานจะไดรับเอกสารชุดนี้และ

ไดลงนามในแบบขอมูลและคําชี้แจงสําหรบัผูปวยกอน 
2. อาสาสมัครจะตองงดอาหารเปนเวลา 12 ช่ัวโมงกอนการเจาะเลือด 
3. อาสาสมัครจะไดรับการซักประวัต ิ ตรวจรางกาย ตรวจสุขภาพชองปาก ถายรูปรอยโรคในชอง

ปาก (ถามี) เพือ่เก็บขอมูล และไดรับการเจาะเลือดปริมาณ 10 ซีซี เพื่อตรวจปจจยัเสี่ยงของโรค
หลอดเลือดและหวัใจไดแก ระดับน้ําตาล ระดับน้ําตลสะสม ระดับไขมันไดแก คอเลสเตอรอล
รวม ไตรกลีเซอไรด และเอชดีแอลคอเลสเตอรอล รวมทั้งมีการเก็บน้ําลายเพื่อวัดการไหลของ
น้ําลายและเพาะเชื้อในน้ําลาย 

  การเจาะเลือดจะใชวิธีปลอดเชื้อ โดยผูเจาะเลือดจะทําความสะอาดบริเวณเสนเลือดดําที่ขอ
พับแขนกอนเจาะเลือดดวยเข็มฉีดยาปลอดเชื้อ การเจาะเลือดจะกระทาํโดยแพทย พยาบาล หรือ
เจาหนาทีเ่ทคนิคการแพทย อาสาสมัครอาจรูสึกเจ็บเลก็นอยและอาจพบรอยเขียวชํ้าบริเวณที่ถูก
เจาะเลือด ซ่ึงมักจะหายไปไดเองภายใน 2-3 วัน หลังเจาะเลือด อาสาสมัครสามารถประกอบ
กิจวัตรประจําวันไดตามปกติ 

  การวัดการไหลของน้ําลายขณะพกัจะใชแถบกระดาษวางที่ใตล้ินและวดัการเคลื่อนทีข่อง
น้ําลายบนแถบกระดาษนาน 3 นาที แลวบวนน้ําลายลงในหลอดเก็บเพื่อนําไปเพาะเชื้อ 

4. อาสาสมัครที่เขารวมในโครงการนี้จะไมเสียคาใชจายสําหรับการตรวจชองปากที่เกีย่วกับ
งานวิจยัหรือการตรวจอื่นๆทีเ่กี่ยวของกับงานวิจยั 

5. ในการวิจัยนี ้ ไมมีการเปดเผยชื่อผูเขารวมโครงการสูสาธารณชน และผูที่ทราบขอมูลผูปวย
จะตองอยูในคณะวิจยัเทานัน้ 
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3. ประโยชนท่ีผูเขารวมการวิจัยจะไดรับ 
 อาสาสมัครจะไดรับการตรวจรางกาย ประเมินสุขภาพชองปาก และประเมินความเสี่ยงตอ

การเกิดโรคหลอดเลือดและหัวใจและโรคในชองปาก ซ่ึงหากตรวจพบก็จะไดพจิารณาใหการรักษา
ที่ถูกตองตอไป 
4. คําชี้แจงเกี่ยวกับสิทธิของอาสาสมัคร 

 การเจาะเลือดและเก็บน้ําลายเพื่อนําไปใชในการวิจัยคร้ังนี้ จะนําเลือดและน้ําลายทีไ่ดไปทํา
การทดสอบในหองปฏิบัติการวิจัยของคณะแพทยศาสตร จุฬาลงกรณมหาวิทยาลัย และ/หรือ คณะ
ทันตแพทยศาสตร  มหาวิทยาลัยมหดิล ภายใตการดูแลอยางใกลชิดของผูชวยศาสตราจารย
นายแพทยวีรพันธุ โขวิฑูรกจิ และทันตแพทยหญิงสิริบังอร พิบูลนิยม อาสาสมัครจะไมเสียคาใชจาย
ในสวนของการเจาะเลือด การเก็บน้ําลายและการทดลองในหองปฏิบตัิการแตอยางใด นอกจากนี ้
อาสาสมัครมีสิทธิที่จะปฏิเสธการเจาะเลอืดหรือเก็บน้ําลายเพื่อนําไปใชในการวิจยัดังกลาว โดยไมมี
ผลกระทบใดๆ ตออาสาสมัคร 

 การเขารวมในการศึกษาวิจยัครั้งนี้เปนไปโดยสมัครใจ อาสาสมัครอาจปฏิเสธที่จะเขารวม
หรือถอนตัวออกจากการศึกษาวิจยันีไ้ดทุกเมื่อ อนึ่งผลของการวิจยัคร้ังนี้จะใชสําหรับวัตถุประสงค
ทางวิชาการเทานั้น โดยท่ีขอมูลสวนตัวของอาสาสมัครจะถูกเก็บเปนความลับ ไมมีการเปดเผยชือ่
และไมมีการเผยแพรสูสาธารณชน 

 หากทานมีปญหาหรือขอสงสัยประการใดกรุณาติดตอผูชวยศาสตราจารยนายแพทยวีรพันธุ 
โขวิฑูรกิจทีห่นวยตอมไรทอและเมตาบอลิซึม ภาควิชาอายุรศาสตร คณะแพทยศาสตร จุฬาลงกรณ
มหาวิทยาลัย โทรศัพท 02-256-4101 หรือทันตแพทยหญิงสิริบังอร พิบูลนิยม ทีภ่าควิชาทันตก
รรมโรงพยาบาล คณะทันตแพทยศาสตร มหาวิทยาลัยมหดิล โทรศัพท 02-354-8500 ตอ 1521 
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5. คํายินยอมของอาสาสมัครในการเขารวมโครงการวิจัย 
 ขาพเจาไดอานและทําความเขาใจทั้งหมดที่เกี่ยวกับโครงการวิจยัในแบบขอมูลและคําชี้แจง

สําหรับผูปวยครบถวนดีแลว ขาพเจาเขาใจถึงลักษณะ วัตถุประสงคของโครงการวิจัย พรอมทั้ง
ไดรับการอธิบายเกีย่วกับขั้นตอนและประโยชนที่จะไดรับจากการวิจัย ขาพเจาเขาใจวาการเขารวม
ในโครงการวจิัยนี้เปนไปดวยความสมัครใจ ซ่ึงขาพเจาไดมีเวลาในการพิจารณาตัดสินใจในการเขา
รวมโครงการวิจัยนี้ ขาพเจายินดีทีจ่ะเขารวมตามโครงการวิจัยนี้ จึงลงลายมือช่ือไวเปนหลักฐาน 

 
ลงชื่อ...................................................................................(อาสาสมัคร) 

(.....................................................................................) 
..................................................................................(แพทย/ทันตแพทย) 

(.....................................................................................) 
...................................................................................................(พยาน) 

(.....................................................................................) 
วันที่............./.........................../................... 
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แบบสมัภาษณและบันทึกการตรวจในชองปาก 

วันที่ตรวจ ........../............/............. 
ช่ือ-สกุลผูปวย....................................................อายุ............ป  เพศ      ชาย      หญิง  เลขที่บัตร............... 
ภูมิลําเนา           กรุเทพฯ           ตางจังหวัด (ระบุ..........................................................) 
สถานภาพ             โสด                    สมรส                        หยา                        หมาย 
อาชีพ                  รับราชการ                 รัฐวิสาหกิจ                     เอกชน                   ธุรกิจสวนตวั 
                  รับจาง                        เกษตรกร                        อ่ืน ๆ 
ประวัติทัว่ไป 
1. ทานสูบบุหร่ี            ปจจุบันสูบ (......... มวน/วัน)         เคยสูบแตปจจุบันเลิกแลว            ไมเคยสูบ 
                                                                                           เลิกมา ................ ป 
                                                                                           เคยสูบ .............. มวน/วัน 

2. ทานดื่มเครือ่งดื่มแอลกอฮอล    □ ปจจุบันดื่ม (........../สัปดาห)   □ เคยดื่มแตปจจุบันเลิกแลว 

                          □ ไมเคยดื่มเลย 
ประวัติทางการแพทย 

1. ทานอยูในชวงกินยาใดอยูหรือไม                                                                 .        ใช             ไมใช 
( ระบุ.................................................................................................................... 
............................................................................................................................. 
.............................................................................................................................) 

2. ทานไดรับการฉายรังสีบําบัดหรือไม                                              ใช                ไมใช 
3. ทานมีขนาดเสนรอบเอว.................นิ้ว 

 
 
 
 
 
 
 
 
 
 
 
 
 



Umawadee Chomkhakhai Appendix / 76

4. ทานมีโรคประจําตัวใด 
4.1 กลุมอาการเมตาบอลิก 
องคประกอบ คาวิเคราะห รักษา

 
คาที่วัดได 
(วันที่..../..../....) 

เขาเกณฑ

1. ไตรกลีเซอรไรด ≥ 150 mg/dL    
2. ไขมัน HDL-C < 40 mg/dL in male 

< 50 mg/dL in female
   

3. ความดันโลหิต 
Systolic หรือDiastolic 

 
≥130 หรือ≥85mmHg 

   

4. ระดับน้ําตาลในเลือด (FPG) ≥ 100 mg/dL    
 
       4.2 โรคอื่นๆ                                                         

โรคเบาหวาน  Glu            ปกติ (75 – 110 mg/dl)     สูง ( > 110 mg/dl)       ควบคุมได          ควบคุมไมได         
วันที่เจาะเลือดตรวจ ......./......../..........                     

       โคเลสเตอรอลในเลือดระดับ       ต่ํา (< 150  mg/dl)        ปกติ ( 150 – 200 mg/dl)        สูง ( > 200 mg/dl)      
       ไขมัน LDL – C  ระดับ       ต่ํา (< 80  mg/dl)           ปกติ ( 80 – 190 mg/dl)          สูง ( > 190 mg/dl)  
       โรคหัวใจและหลอดเลือด                                                                  มี                    ไมมี 
        มีอาการเจ็บหนาอก                                                                          มี                    ไมมี  
        เสียงเตนของหัวใจผิดปกติ                  ไขรูมาติก                     ใสเครื่องชวยการเตนของหัวใจ    
       โรคตับ ตัวเหลือง ตาเหลือง                                                               มี                    ไมมี 
       โรคเลือด                                                                                           มี                     ไมมี 
       โรคไต                                                                                               มี                    ไมมี 
       หอบหืด                                                                                             มี                    ไมมี 
       ลมชักหรือลมบาหมู                                                                          มี                     ไมมี 
       กระดูก                                                                                               มี                     ไมมี 
       กลามเนื้อ                                                                                            มี                    ไมมี 
       จิตและประสาท                                                                                  มี                    ไมมี 
       อ่ืนๆ (ระบุ................................................................................)         มี                    ไมมี 
 
 
 
 
 



Fac. of Grad. Studies, Mahidol Univ. 
 

M.Sc. (Oral Medicine) / 77

แบบสมัภาษณและบันทึกการตรวจวัดปริมาณน้ําลาย 
• ภาวะปริมาณน้ําลายในชองปาก 

1. ทานตองจิบหรือดื่มน้ําตามในขณะทีก่ลืนอาหารชนิดแหงหรือไม        ใช                ไมใช 
2. ขณะทานรับประทานอาหาร ชองปากของทานรูสึกแหงหรือไม           ใช                ไมใช 
3. ทานรูสึกลําบากในขณะกลืนอาหารชนิดแหงหรือไม                            ใช               ไมใช 
4. ปริมาณน้ําลายในชองปากของทานลดลงหรือไม                                  ใช                ไมใช 
5. ปกติทานรูสึปากแหงหรือไม                                                                 ใช                ไมใช 

 
• ลักษณะความชุมชื่นของเนื้อเยื่อบุชองปาก 

        □  ชุมชื่นด ี

        □  แหง 
      
• การวัดอัตราการหลั่งของน้ําลายขณะไมถูกกระตุน 

ใชกระดาษซับปริมาณน้ําลายดวยวิธี  Modified Schirmer test (MST) 

ณ เวลา 1  นาที  ไดระยะทางการเปยกของน้ําลาย ……… มม. 
ณ เวลา 2  นาที  ไดระยะทางการเปยกของน้ําลาย  ……… มม. 
ณ เวลา 3  นาที  ไดระยะทางการเปยกของน้ําลาย  ……… มม. 
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แบบสมัภาษณและบันทึกการดูแลสุขภาพชองปากความรูสึกผิดปกติในชองปาก 

 
• ทานแปรงฟนวันละกี่คร้ัง        .................คร้ัง 
• ทานเคยใชเครื่องมือชวยทําความสะอาดฟนนอกจากแปรงสีฟนหรือไม 

  □  ไมเคย       □  เคย ( ..........................................) 

• ใสฟนปลอมอยูหรือไม            □      ใช        □    ไมใช   

• ทานถอดฟนปลอมทําความสะอาดหลังรับประทานอาหารหรือไม   □ ถอด   □  ไมถอด  

• ทานถอดฟนปลอมตอนนอนหรือไม   □  ถอด   □  ไมถอด 
 
• คะแนน Visual analoge scales (VAS) สําหรับความรูสึกรับรส 
      ใหทานทําเครื่องหมายขดี (  ) ลงบนเสนตรงที่กําหนดไว โดยบอกความรูสึกวาทานรับรส
เปลี่ยนแปลงเพียงใด (0 คือไมรูสึกวาเปลีย่นแปลง   10 คือรูสึกวาเปลี่ยนแปลงมาก) 

              
 

  0                                              5                                             10 
• คะแนน Visual analoge scales (VAS) สําหรับความรูสึกแสบรอน 
      ใหทานทําเครื่องหมายขดี (  ) ลงบนเสนตรงที่กําหนดไว โดยบอกความรูสึกวาทานรูสึกแสบรอน
ในปากเพียงใด (0 คือไมรูสึกวามีอาการแสบรอน   10 คือรูสึกวามีอาการแสบรอนมาก) 

              
 

  0                                              5                                             10 
• คะแนน Visual analoge scales (VAS) สําหรับอาการเจ็บปวด 
      ใหทานทําเครื่องหมายขดี (  ) ลงบนเสนตรงที่กําหนดไว โดยบอกความรูสึกวาทานรูสึกเจ็บปวด
เพียงใด (0 คือไมรูสึกวามีอาการเจ็บปวด    10 คือรูสึกวาเจ็บปวดมาก) 

              
 

  0                                              5                                             10 
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แบบบันทึกการตรวจเนื้อเย่ือในชองปาก 
 

บริเวณ การวินจิฉัย 
Perioral skin  
Upper lip  
Lower lip  
Upper vermilion border  
Lower vermilion border  
Upper labial mucosa  
Lower labial mucosa  
Rt. buccal mucosa  
Lt. buccal mucosa  
Maxillary gingiva  
Mandibular gingiva  
Dorsal tongue  
Ventral tongue/Floor of 
mouth 

 
Hard palate  
Soft palate/tonsillar area  

 
 
 
 
 

 
 
 



Umawadee Chomkhakhai Appendix / 80

แผนภาพแสดงตําแหนงในชองปาก 
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แบบบันทึกสภาวะฟน 
 

 
    Red = Caries present     Blue = Restoration present      X  = Absent tooth 
 
      แบบบันทึกสภาวะโรคเหงือก 
  CPI score 
   
 
 
 

    x = When only one tooth or no teeth are present in a sextant (third 

molars are excluded unless they function in place of second 

molars) 

    4 = Pathological pocket of 6 mm. 

    3 = Pathological pocket of 4 or 5 mm. 

    2 = Calculus or other plaque retentive factors such as ill-fitting 

crowns or poorly adapted edges of restorations are either seen or 

felt during probing. 

    1 = Bleeding observed during or after probing. 

    0 = Healthy tissue 
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การอานปริมาณเชื้อบนชุดตรวจจุลินทรีย  
 

1. ความหนาแนนของเชื้อ MS ( ชองลาง ) 
 

                รูปท่ี 1                                                  รูปท่ี 2                                                       รูปท่ี 3 
             

                                                                  
                                          ระดับ (2)                                      ระดับ (3)                                   ระดับ (4)   
 
 
2.ปริมาณเชื้อ Lactobacilli ( ชองบน  ) 
              รูปท่ี 1                                                     รูปท่ี 2                                                     รูปท่ี 3 
                         

                                                        
                                             ระดับ (2)                                    ระดับ (3)                                   ระดับ (4)   
                                
 
3.ความหนาแนนของเชื้อ Candida ( ชองกลาง ) 
 
                              รูปท่ี 1                                           รูปท่ี 2                                              รูปท่ี 3  
 

                                                          
                                    ระดับ (2)                                      ระดับ (3)                                     ระดับ (4)       
                                            
หมายเหตุ 
                ระดับ (1) =ความหนาแนนเชื้อนอยกวา รูปที่ 1  
                ระดับ (2) =ความหนาแนนเชื้อเทากับหรือมากกวา รูปที่1 แตนอยกวา รูปที่ 2 
                ระดับ (3) = ความหนาแนนเชื้อเทากับหรือมากกวา รูปที่2 แตนอยกวา รูปที่ 3 
                ระดับ (4) = ความหนาแนนเชื้อเทากับหรือมากกวา รูปที่3  
  

< 103 

ระดับ (1) 

≥106 

ปริมาณเชื้อ 
ในน้ําลาย
(CFU/ml) 

< 103 

ระดับ (1) 

≥103-<104 ≥105 

ปริมาณเชื้อ
ใน้ําลาย        
(CFU/ml) 

ปริมาณเชื้อ 
ในน้ําลาย      
(CFU/ml) 

< 102  

ระดับ (1)   
≥102-<103 ≥ 104 

≥105-<106 ≥103-<105 

≥104-<105 

≥103-<104 
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การแปลผล 
1.ปริมาณเชื้อMS                                                                                                                 
ระดับ (1) - เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายนอยกวา 1,000 ตัวตอมิลลิลิตร 

                                  - จัดอยูในกลุมโอกาสเสี่ยงตํ่า   
ระดับ (2)  - เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายเทากับหรือมากกวา 1,000 ตัวตอมิลลิลิตรแตนอย          

กวา100,000 ตัวตอมิลลิลิตร 
  - จัดอยูในกลุมโอกาสเสี่ยงปานกลาง  

                ระดับ (3) - เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายเทากับหรือมากกวา 100,000 ตัวตอมิลลิลิตรแต
นอยกวา 1,000,000 ตัวตอมิลลิลิตร 
                           -จัดอยูในกลุมโอกาสเสี่ยงสูง  
                ระดับ (4)  -เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายเทากับหรือมากกวา 1,000,000 ตัวตอมิลลิลิตร 
      -จัดอยูในกลุมโอกาสเสี่ยงสูงมาก  

2.ปริมาณเชื้อLactobacilli  
ระดับ (1) - เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายนอยกวา 1,000 ตัวตอมิลลิลิตร 

                                  - จัดอยูในกลุมโอกาสเสี่ยงตํ่า   
ระดับ (2)  - เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายเทากับหรือมากกวา 1,000 ตัวตอมิลลิลิตรแตนอย          

กวา10,000 ตัวตอมิลลิลิตร 
   - จัดอยูในกลุมโอกาสเสี่ยงปานกลาง  

                ระดับ (3) - เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายเทากับหรือมากกวา 10,000 ตัวตอมิลลิลิตรแตนอย
กวา100,000 ตัวตอมิลลิลิตร 
                            -จัดอยูในกลุมโอกาสเสี่ยงสูง  
                ระดับ (4)  -เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายเทากับหรือมากกวา 100,000 ตัวตอมิลลิลิตร 
  -จัดอยูในกลุมโอกาสเสี่ยงสูงมาก 

3.ปริมาณเชื้อCandida 
ระดับ (1) - เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายนอยกวา 100 ตัวตอมิลลิลิตร 
ระดับ (2)  - เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายเทากับหรือมากกวา 100 ตัวตอมิลลิลิตรแตนอย          

กวา1,000 ตัวตอมิลลิลิตร 
                ระดับ (3) - เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายเทากับหรือมากกวา 1,000 ตัวตอมิลลิลิตรแตนอย
กวา10,000 ตัวตอมิลลิลิตร 
                ระดับ (4)  -เปรียบเทียบเทากับปริมาณเชื้อในน้ําลายเทากับหรือมากกวา 10,000 ตัวตอมิลลิลิตร 

   
 
 
 



Umawadee Chomkhakhai Appendix / 84

หมายเหต ุ
 
เนื่องจากแบคทีเรียเพียงอยางเดียวไมสามารถกอใหเกิดโรคฟนผุได การพิจารณาโอกาสเสี่ยงตอการเกิด

โรค จึงควรนําสาเหตุอื่นๆมาประกอบดวย เชน ลักษณะอาหาร  ความถี่ในการรับประทานอาหาร คุณสมบัติของ
น้ําลายและความสามารถในการดูแลสุขภาพชองปาก เปนตน ถาสามารถนําองคประกอบทั้งหมดเหลานี้มาประเมิน
ก็จะสามารถใชเปนตัวบงช้ีโอกาสเสี่ยงตอโรคฟนผุไดสมบูรณยิ่งขึ้น 

ปริมาณเชื้อMS ยิ่งมีมากก็ยิ่งมีโอกาสเกิดโรคมาก สวนเชื้อlactobacilli จะสัมพันธกับปริมาณรอย
โรคฟนผุหรืออุปกรณทันตกรรมในชองปาก และยังสัมพันธกับความถี่ของการรับประทานอาหารจําพวกแปงและ
น้ําตาล ซึ่งจะทําใหโรคลุกลามอยางรวดเร็ว สําหรับเชื้อCandida แมวาจะไมมีบทบาทสําคัญในการกอโรคมาก
นักแตก็เปนตัวบงช้ีที่ดี เนื่องจากเจริญเติบโตไดดีในสภาวะที่เปนกรด นอกจากนี้การพบCandida ในชองปาก
ปริมาณมากอาจเกี่ยวของกับสุขภาพรางกายไมสมบูรณ เชน สภาวะขาดอาหาร หรือ ภูมิคุมกันบกพรอง เปนตน   
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