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THE INDONESIAN-DUTCH COLLABORATION 

The research described  in this thesis was a follow-up collaboration study between the Dental 

Faculty Universitas Padjadjaran (UNPAD) Bandung-Indonesia and the Department of 

Periodontology of the Academic Centre for Dentistry Amsterdam (ACTA) The Netherlands. 

The research started in 1987 to find prognostic indicators that could play a role in the risk for 

the development of periodontitis in a population deprived from regular dental care. Until 

now, this collaboration has been established for 24 years period. 

The good cooperation could never been accomplished without supports from numerous 

individuals as well as from institutions. The late Prof. Tet Soeparwadi, drg. SpBM was the 

pioneer to open the gate for this collaboration. In addition, Prof. Soertini E. Lambri, drg. 

SpPerio as the head of the departement of Periodontology and drg. Soertiarti Armand and Dr. 

drg. Sri Wendari MPd, who contacted the tea estate to carry out the baseline study in 1987. 

Last but not least, may the work presented here has some benefits for the field of dentistry 

and for the international scientific community. 

 

Amaliya 
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PENELITIAN BERSAMA INDONESIA-BELANDA 

Penelitian yang dipaparkan dalam tesis ini merupakan penelitian lanjutan dari penelitian 

bersama antara Fakultas Kedokteran Gigi Universitas Padjadaran (UNPAD) Bandung-

Indonesia dan Departemen Periodontologi di Pusat Akademi Kedokteran Gigi Amsterdam 

(ACTA)-Belanda. Penelitian tersebut dimulai pada tahun 1987 untuk menemukan indikator 

prognostik yang mungkin berperan dalam risiko berkembangnya penyakit periodontitis pada 

populasi yang tidak pernah mendapatkan perawatan gigi secara teratur. Hingga saat ini, 

penelitian bersama ini telah terjalin selama kurun waktu 24 tahun. 

Kerjasama yang luar biasa baik ini tidak mungkin dapat terlaksana tanpa dukungan dari 

berbagai pihak, baik secara pribadi maupun dari institusi.  Prof. Tet Soeparwadi (alm) 

merupakan perintis bagi terbukanya jalan menuju penelitian bersama ini. Demikian juga 

dengan Prof. Soertini E. Lambri sebagai Kepala Departemen Periodontologi dan staf 

Departemen Periodontologi, khususnya drg. Soertiarti Armand dan Dr. drg. Sri Wendari, 

MPd. yang telah menghubungi pihak PTP VIII untuk terlaksananya survey dasar (baseline) 

pada tahun 1987.  

Akhir kata, mudah-mudahan hasil penelitian yang disajikan dalam tulisan ini dapat 

bermanfaat bagi dunia ilmu kedokteran gigi dan bagi masyarakat ilmiah internasional. 

Amaliya
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Introduction 
 
Periodontitis is a disease that affects the supporting tissues of the teeth and is characterized 

by deepening of periodontal pockets, connective tissue attachment loss and alveolar bone 

loss. Microorganisms are undoubtedly the principal cause of the disease and bacteria like 

Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Provetella intermedia, 

Tannerella forsytensis, Fusobacterium nucleatum, and Parvimonas micra are strong markers 

of periodontitis in adults (Van Winkelhoff et al. 2002). However, the bacterial elicited host 

response dictates the disease progression (Bartold & Van Dyke 2013). The host immune 

response results in production of inflammatory mediators and matrix metalloproteinase 

leading to connective tissue destruction and bone loss (Darveau et al. 1997, Graves 2008, 

Kornman et al. 1997). Herpesviruses, besides periodontopathogenic microbiota, may have a 

role in etiopathogenesis of periodontitis. Human Cytomegalovirus (HCMV), Epstein-Barr 

virus (EBV) and Herpes Simplex virus (HSV) have been reported to be related to 

periodontitis (Contreras & Slots 1996, Contreras & Slots 1998, Parra & Slots 1996, Saygun et 

al. 2002), particularly in actively progressing periodontal lesions (Ting et al. 2000, Yapar et 

al. 2003, Kubar et al. 2004). It is suggested that periodontal pockets serve as a reservoir of 

salivary HCMV and EBV (Saygun et al. 2005). The presence of these viruses decreases the 

resistance of periodontal tissue, thereby permitting subgingival overgrowth of periopathogens 

(Slots & Contreras 2000). 

As mentioned above, the host response is of decisive importance for the disease and is 

influenced by genetic predisposition, systemic and environmental conditions as well as life 

style factors. The effect of  smoking  in the development of periodontitis is well documented 

and there is strong evidence demonstrating that tobacco smoking habit is a very important 

risk factor contributing to a higher prevalence and severity of periodontitis in adults 

(Albandar 2002, Albandar et al. 2000, Tonetti 1998). There is also evidence that subjects with 

poorly controlled type 2 diabetes mellitus (DM) have poorer periodontal health than subjects 

with better controlled DM or without DM (Taylor et al. 1998). Poor glycemic control as a 

result of prolonged elevated blood glucose in diabetes, has been related to periodontitis 

progression. In a study of distinct, homogenous population in Gullah African Americans, 

people suffering from type 2 DM with poor glycemic control had more severe CAL and PPD 

(Bandyopadhyay et al. 2010), while a number of putative factors, including specific gene 

polymorphism, have been identified in association studies (Borrell & Papapanou 2005, 

Genco 2005). However, other possibe modifiable systemic factors such as balanced nutrition 
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or  supplementation of nutrients have not been thoroughly evaluated in periodontal research, 

although reports of the possible effects of nutrient deficiency and supplementation have 

appeared early in the periodontal literature (Glickman 1948a, b, Leggot et al. 1991). 

Indonesia is a developing country in which the prevalence of periodontal disease  

approximates 96.58% of the population (Situmorang 2005). In relation to oral health, 

malnutrition, specifically insufficient vitamin supply, has been shown to induce oral disease 

which is particularly evident among lower social class communities and in developing 

countries (Deen et al. 1999, Dummet 1983, Enwonwu 1985, Enwonwu & Salako 2012).  

Research in Africa, India and South America indicate that contrary to observations in 

industrialized countries, ANUG in developing world affects primarily impoverished young 

population residing in unsanitary surroundings, and generally immunocompromised by 

malnutrition and various infections (Enwonwu  et al. 2004, Jimenez & Baer 1975, Pindborg 

et al. 1966). Nevertheless, a subset of population in developed countries may have also a 

deficiency in vitamin C, for instance, in elderly community (Amarasena et al. 2005). The 

level of vitamin C in plasma is affected not only by dietary intake, but also by stability of 

vitamin C in plasma. The plasma protein haptoglobin has been associated to prevent vitamin 

C oxidation, and this protein has three major phenotypes (Hp 1-1, Hp 1-2 and Hp 2-2), which 

the latter has been shown to have the lowest prevention of vitamin C from oxidation 

(Langlois et al. 1997). 

Related to nutrition, obesity often experienced by people with overconsumption of 

carbohydrates and fats and may lead to periodontal disease (Suvan et al. 2011). The systemic 

effects of this poor diet include the upregulated CRP and HbA1c levels which can also lead to 

increased risk of periodontal disease (Paraskevas et al. 2008, Morita et al. 2012). Another 

micronutrient that has been frequently related to periodontal health is vitamin D. Several 

studies showed a linier association between plasma vitamin D and the percentage of bleeding 

pockets as well as its effect on gingivitis (Dietrich et al. 2005, Hiremath et al. 2013). 

However, the relationship between vitamin D and periodontal breakdown is still controversial 

(Alshoubi et al. 2013, Miley et al. 2009, Millen et al. 2013, Liu et al. 2009). 

Progressive periodontitis may eventually lead to tooth loss, which often reduces the 

quality of life, chewing problems and decreased masticatory function, especially if many 

teeth are involved. Caries and periodontal disease are regarded as the main reasons for tooth 

loss although the relative contribution of these two diseases varies between studies (Akhter et 

al. 2008, Montandon et al. 2012, Shigli et al. 2009, Susin et al. 2006). 
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In 2002 the third examination was carried out of a 15-year longitudinal study on the 

initiation and progression of periodontal disease in an Indonesian rural population deprived 

from regular dental care (Van der Velden et al. 2006). The results showed that 20% of the 

population developed severe periodontitis. Unfortunately a number of the above described 

variables were not included in this study. Therefore, in 2005 and 2011 two additional studies 

were initiated. 

 

Outline of this thesis 

The overall aim of the PhD research described in this thesis was to investigate in this 

Indonesian population, associations between the periodontal condition assessed by alveolar 

and periapical bone loss with the plasma levels of vitamin C, vitamin D, HbA1c and CRP, the 

Hp phenotype, the presence of putative periodontopathic bacteria and viruses, dietary habits 

and anthropomethrics; and the effect of vitamin C supplementation on the levels of plasma 

vitamin C, HbA1c, CRP and on putative periodontopathic bacteria and viruses. The outline of 

this thesis is as follows : 

1. To investigate the relationship between plasma vitamin C levels and the severity of 

periodontitis (chapter 2). 

2. To investigate the relationship between the amount of alveolar and periapical bone loss 

and the plasma levels of vitamin C, vitamin D, HbA1c and CRP, the Hp phenotype, the 

presence of putative periodontopathic bacteria and viruses, dietary habits and 

anthropometrics (chapter 3). 

3. To assess the effect of vitamin C supplementation on the plasma levels of vitamin C, 

HbA1c and CRP as well as on putative periodontopathic bacteria and viruses (chapter 4). 

4. To investigate on the basis of radiographic information and previous examination forms 

the relative contribution of caries and periodontal disease to tooth loss and to analyze the 

prevalence of caries and its sequelae (chapter 5).  
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Abstract 

Objective: To study the relationship between vitamin C and the severity of  periodontitis. 

Material and Methods: The study population consisted of subjects from the Purbasari tea 

estate on West Java, Indonesia. In 2002 clinical measurements were performed in 128 

subjects, including evaluation of plaque, bleeding on probing, pocket depth and attachment 

loss. In 2005, 123 out of 128 subjects could be retrieved who were present in the examination 

of 2002.  Blood samples were taken to measure plasma vitamin C levels. Information about 

the subject’s dietary habit was obtained by means of personal interview guided by 

questionnaire. 

Results: Plasma levels of vitamin C ranged from 0.02 to 34.45 mg/l with a mean of 7.90 mg/l 

(± 5.35). The correlation coefficient between plasma vitamin C level and periodontal 

attachment loss was - 0.199 (p<0.05); stepwise linear regression revealed that vitamin C 

levels explained 3.9% of the variance in periodontal attachment loss. Subjects with vitamin C 

deficiency (14.7% of the study population) had more attachment loss compared to those with 

depletion or normal plasma vitamin C values.  

Conclusion: The negative association between plasma vitamin C levels and periodontal 

attachment loss suggests that vitamin C deficiency may contribute to the severity of 

periodontal breakdown. 
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Introduction 

At present it is well accepted that periodontitis is a multifactorial disease caused by an 

imbalance between environmental factors such as periodontal pathogens, and the host 

defense. Host defense mechanisms may be influenced by genetic factors, hormones and 

nutrition. With regard to the latter, especially vitamin C has received much attention in the 

periodontal literature since absolute deficiency results in the clinical condition known as 

scurvy (Woolfe et al. 1980). In addition a strong relationship between vitamin C deficiency 

and acute necrotizing ulcerative gingivitis (ANUG) has frequently been described. For 

example Melnick et al. (1988) showed in a large case control study, that patients with a 

history of ANUG ingested less vitamin C as compared to the healthy control group.  

Although early studies in animals showed that vitamin C deficiency leads to deeper 

pockets and increased periodontal breakdown (Glickman 1948a, b), the majority of the early 

epidemiological studies found no relationship between plasma vitamin C levels and the 

degree of periodontal disease (Burrill 1942, Russell 1963, Russell et al. 1965, Barros & 

Witkop 1963, Enwonwu & Edozien 1970). In contrast more recent epidemiological studies 

have shown a significant relationship between vitamin C and the periodontal condition. 

Vogel & Wechsler (1979) found that the daily intake of vitamin C in a group of periodontitis 

patients was significantly less than in the control subjects.  On the basis of the NHANES I 

study Ismail et al. (1983) found a weak but significant correlation between dietary vitamin C 

intake and periodontal disease after controlling for potentially confounding variables of age, 

gender, race, education, income and oral hygiene status. In South Africa, Blignaut & Grobler 

(1992) observed pockets ≥ 4 mm less frequently in citric fruit farm workers who consumed 

large amounts of fruit compared to grain farm workers who did not. In a case control study 

matched for age, sex and number of teeth, Väänänen et al. (1993) studied the periodontal 

condition in subjects with low (≤ 4.4 mg/l) and high (≥ 8.8 mg/l) plasma vitamin C levels. In 

the group with low plasma vitamin C levels, 60% of the subjects had pockets ≥ 4 mm 

compared to 37% in the group with high plasma vitamin C levels. On the basis of the 

NHANES III survey, Nishida et al. (2000) found that the dietary intake of vitamin C showed 

a weak, but statistically significant relationship to periodontal disease in current and former 

smokers. Smokers taking the lowest intake of vitamin C are likely to have the worst 

periodontal condition. In a recent study, Amarasena et al. (2005) showed in an elderly 

population an inverse relationship between serum vitamin C levels and attachment loss 

irrespective of smoking, diabetes, oral hygiene, gender or number of teeth present. The above 
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reviewed literature suggests that insufficient intake of vitamin C could aggravate the 

progression of periodontal breakdown. 

Recently, the results became available of the 15-year longitudinal Java project on 

periodontal diseases, which evaluated the initiation and progression of periodontal disease in 

an Indonesian rural population deprived from regular dental care (Van der Velden et al. 

2006). The results showed that 20% of the population developed severe periodontitis. 

Unfortunately, at the start of the project evaluation of nutritional aspects was not included in 

the study protocol although it is not unlikely that in this rural area the vitamin C intake may 

be low. Therefore the aim of the present investigation was to study in this population the 

relationship between vitamin C, as assessed by plasma vitamin C level and dietary habits, and 

the severity of periodontitis.  

 

Materials and Methods 

The design of the investigation and study population from the Purbasari tea estate on West 

Java has been described in detail in the most recent report of this longitudinal study (Van der 

Velden et al. 2006). At baseline in 1987 all subjects aging 15-25 years of 1 village were 

included in the study. In 2002, 128 subjects could be retrieved out of the 255 subjects 

originally evaluated in 1987. For the present study the data of the 15-year evaluation in 2002 

were used. In short, subjects were asked about their education level, general health status, 

recent use of antibiotics and smoking habits in terms of number of cigarettes per day. Clinical 

evaluation included assessment of plaque (Silness & Löe 1964), bleeding on probing (Van 

der Velden 1979), pocket depth and attachment loss. These measurements were recorded at 

all approximal surfaces from the vestibular aspects. The reproducibility of these 

measurements is reported in a previous publication (Van der Velden et al. 2006). For the 

present study in 2005, 123 subjects could be retrieved out of the 128 subjects evaluated in 

2002. 

After identification of each subject, non-fasting venous blood samples were collected 

by the local hospital staff of the tea estate in vacuum tubes containing lithium heparin. After 

collection, whole blood samples were centrifuged with a low speed centrifuge (Shanghai 

Surgical Instrument Factory, Shanghai, China) at 4000 rpm for 4 minutes to separate plasma 

from  blood cells. To minimize the oxidation of the vitamin C the latter procedure was 

performed within 10 minutes after sampling. Vitamin C in heparin plasma is stable at room 

temperature up to 2 hours. The plasma obtained was subsequently subjected to the 

preparation procedures according to the instruction manual for Chromsystems HPLC-
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Analysis of Vitamin C in plasma (Chromsystems, Vitamin C Diagnostics Kit by HPLC, 

Munich, Germany). In a light protected micro reaction vial, 100 μl of the reconstituted 

Precipitation Reagent that contained the Internal Standard was pipetted and 100 μl was added 

of either standard, control or specimen plasma. Vials were vortexed for 10 seconds. The 

mixtures were incubated for 10 minutes at + 4o C and centrifuged for 5 minutes at 13 000 rpm 

in a micro centrifuge (Heraeus Biofuge Fresco, Hanau, Germany).  The supernatants obtained 

from these procedures were kept in the refrigerator at 4o C until transportation to the 

laboratory in Bandung. According to the manual of the manufacturer under these conditions 

vitamin C is stable at 4o C for 4 days and at -20o C for at least 4 weeks. All samples were 

collected within 3 days and early in the morning of the next day transported, within 4 hours, 

on ice to the laboratory in Bandung. In the laboratory the samples were stored at -20o C and 

analysed during the subsequent days.  

Plasma vitamin C levels were determined by means of High Pressure Liquid 

Chromatography (HPLC). The analysis of vitamin C requires a simple, isocratic system with 

an HPLC pump, injector and UV detector. The HPLC instrument used in this study was set 

with the following specifications: an injection volume of 20 μl, a run time of 5 min, a flow 

rate at 1-1.5 ml/min, column temperature approximately 25oC, and the UV detector’s 

wavelength at 245 nm (Hewlett Packard HPLC Instrument, HP-1100, Ontario, Canada). The 

concentration of vitamin C in the sample was calculated according to the manufacturer’s 

instructions. Plasma vitamin C levels were categorized according to internationally 

established limits: deficiency (less than 2 mg/l), depletion (2-3.9 mg/l) and nomal (4.0 mg/l 

or more) (Hampl et al. 2004). 

Information about the subject’s dietary habits during the last month was obtained by 

means of a personal interview guided by a questionnaire which had been developed in 

advance. In addition the subjects were asked which nutrients they had consumed on the day 

of the examination before the blood samples were taken. The level of vitamin C content of 

the various food products was based on the values provided by the National Nutrient 

Database for Standard Reference (USDA 2010) and Woot-Tsuen et al. (1968).  

 

Statistical Analysis 

The clinical parameters at the 2002 follow-up assessment were calculated as mean scores per 

patient. Mean clinical parameters, mean plasma vitamin C levels and mean frequencies of 

monthly dietary intake were calculated for each category of plasma vitamin C level. To 

compare differences between means, Student’s t-test and one way ANOVA were employed 
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when appropriate. Stepwise multiple linear regression analysis was used to test for a possible 

association between plasma vitamin C level and the amount of attachment loss as found in 

2002. Mean attachment loss was entered as the dependent variable and plasma vitamin C was 

entered as obligatory independent variable in the first layer of the model whereas age, gender, 

smoking status, education level and plaque were entered as independent variables in the 

second, stepwise layer of the model.  P-values of <0.05 were accepted as statistically 

significant. 
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Results 

The 123 subjects that participated in this study included 64 females and 59 males with an age 

range of 33-43 years. Fifty three subjects were smokers, 52 males and 1 female. In general, 

subjects exhibited a low education level, 60 subjects completed the elementary school 

whereas 63 did not. The mean plaque index, bleeding on probing, pocket depth and 

attachment loss as assessed in 2002 in these subjects were 1.05 (± 0.40), 1.22 (± 0.39), 3.53 

mm (± 0.58) and 3.63 (± 8.38), respectively. 

Plasma levels of vitamin C ranged from 0.02 to 34.45 mg/l with a mean of 7.90 mg/l (± 

5.35). 71.5% of the study population had normal plasma vitamin C levels whereas 13.8% 

showed depletion and 14.7% deficiency for vitamin C. No statistically significant differences 

in plasma vitamin C values were found with regard to smoking (smokers versus non-

smokers: 6.90 (± 4.62) and 8.29 (± 5.50) mg/l respectively, p=0.14)  as well as to gender 

(male versus female: 6.97 (± 4.49) and 8.35 (± 5.67) mg/l respectively, p=0.14). Among 

males, 16.9% was deficient for vitamin C whereas 12.5% of females showed deficiency.  

In order to determine a possible correlation between plasma vitamin C levels and the 

severity of attachment loss in 2002, a stepwise multiple linear regression analysis was carried 

out including the variables age, gender, smoking and plaque. The results revealed that only 

vitamin C showed a statistical significant relationship with the amount of attachment loss. 

Lower plasma vitamin C levels were related to more periodontal breakdown, vitamin C levels 

explained 3.9% of the variance (Table 1).  

 

 

Table 1. Significant  variables for  severity of attachment  loss  in  2002 as  
              assessed by means of a multiple linear stepwise regression analysis (N = 123) 
Variable Unstandardized 

Coefficient B 
SE Correlation 

Coefficient β 
p-value % explained 

variance 
Plasma 
Vitamin C level 

 
    - 0.042             

 
0.019 

 
     -0.199                    

 
   0.029                  

 
3.9 

 
Model 

 
     -0.312             

 
1.437 

  
 < 0.0001 

 

SE, standard error 
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The age and periodontal characteristics of the subjects, as assessed in 2002, in relation 

to their plasma vitamin C status are presented in Table 2. Analysis showed no differences 

between the 3 vitamin C categories except for attachment loss.  Post hoc testing showed that 

the group that was deficient for vitamin C had significantly more attachment loss compared 

to the normal or depletion group. 

 

 

Table 2. Age and periodontal characteristics of the study population by vitamin C  
               Category 
 Deficiency Depletion Normal 

 
Vitamin C (mg/l) < 2.0 mg/l 2.0-3.9 mg/l ≥ 4 mg/l 
    
N 18 17 88 
    
 
Age (years) 
 

 
36.6 (2.9) 

 
36.5 (3.6) 

 
35.7 (3.1) 

PI 
 

1.08 (0.47) 0.99 (0.32) 1.05 (0.41) 

PD 
 

3.60 (0.59) 3.61 (0.73) 3.50 (0.55) 

BOP 
 

1.25 (0.48) 1.24 (0.41) 1.22 (0.37) 

AL* 
 

2.58 (1.12) 2.11 (1.23) 1.83 (1.04) 

N, number of subjects; PI, plaque index; PD, probing depth; BOP, bleeding on probing; AL, 
attachment loss; standard deviation between parentheses; *ANOVA, p=0.025 

 

 

The mean frequency of monthly food intake by level of vitamin C content in relation to 

the plasma vitamin C level category is shown in Table 3. Food containing less than 2 mg 

vitamin C/100 g was classified as no vitamin C, 2 – 20 mg vitamin C/100 g as low amounts, 

21 – 60 mg vitamin C/100 g as fair, and 61 – 280 mg/100 g as sources of high vitamin C 

content. No statistically significant differences could be assessed in frequency of food intake 

regarding vitamin C between the 3 plasma vitamin C level categories.  
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Table 3. Mean frequency of vitamin C intake per month by nutrient and level of   
              content  
 Deficiency Depletion Normal 

 
N 18 17 88 
High vitamin C 
61-280 mg/100g 

   

Cassava leaves 3.83 4.06 4.81 
Chili 28.89 24.92 27.55 
Guava 11.17 11.00 11.48 
Orange 2.17 1.18 0.88 
    
Fair vitamin C 
21-60 mg/100gr 

   

Kangkung 2.11 5.29 3.92 
Sweet potato             2.67 5.06 4.40 
    
Low vitamin C 
2-20 mg/100 g 

   

Cabbage 9.72 11.29 11.42 
Soybean sprout 2.72 5.65 5.61 
Banana 4.17 8.71 6.89 
Avocado 1.11 2.12 1.90 
Carrot 9.89 6.24 10.06 
Onion    28.89 24.82 28.88 
Cassava   3.94 8.47 6.20 
    
No vitamin C 
<2 mg/100 g 

   

    
Corn   1.17 1.06 1.66 
Rice   45.67 52.47 62.59 
Salted fish                3.94 9.24 6.17 
Carp 2.00 3.35 2.27 
Goldenfish 3.11 2.12 3.41 
Chicken 2.44 3.06 2.93 
Lamb   0.00 0.18 0.20 
Beef 1.17 0.76 1.14 
Egg 13.00 17.53 16.53 
Garlic 28.89 27.41 27.41 
N, number of subjects 
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In table 4 data are presented regarding the nutrition and level of content of vitamin C 

that was consumed on the day of examination before the blood samples were taken. It can be 

seen that in all 3 plasma vitamin C categories the majority of subjects had consumed chili. 

Only the percentage of subjects that had consumed kangkung (a kind of vegetable)  was 

higher in the groups with vitamin C levels above 4.0 mg/l. However the monthly intake of 

kangkung was not different between those that had consumed kangkung on the day of 

examination and those that had not; mean number of times per months 4.09 ± 7.3 and 3.82 ± 

8.8 respectively. 

 

 

Table 4. Number (%) of subjects by nutrition that they consumed on the day of examination 
before blood sampling. 
 
N 

Deficiency 
18 

Depletion 
17 

Normal 
88 

High vitamin C 
61-280 mg/100g 

   

Cassava leaves 0 0 2 (2.2) 
Kangkung* 0 0 15 (17.0) 
Chili 13 (72.2) 10 (58.8) 53 (60.2) 
Guava 0 0 0 
Orange 1 (5.6) 0 0 
    
Fair vitamin C 
21-60 mg/100g 

   

Sweet potato 1 (5.6) 0 0 
    
Low vitamin C 
2-20 mg/100g 

   

Cabbage 7 (38.9) 3 (17.6) 39 (44.3) 
Soybean sprouts 2 (11.1)  1 (5.9) 4 (4.5) 
Banana  0 0 0 
Avocado  0 0 0 
Carrot 2 (11.1) 1 (5.9) 10 (11.4) 
Potato* 0 0 15 (17.0) 
Onion 11 (61.1) 9 (52.9) 40 (45.6) 
N, number of subjects; * ANOVA p=0.03 
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Discussion 

The results of the present study revealed a small but statistically significant inverse 

association between the plasma vitamin C levels and the severity of periodontitis as assessed 

by mean attachment level obtained from the measurements in 2002. The negative correlation 

between plasma vitamin C levels with the severity of attachment loss could mainly be 

explained by the finding that subjects with vitamin C deficiency had more attachment loss 

compared to those with depletion or normal plasma vitamin C values.  

Although the plasma vitamin C was determined in 2005 it seems not likely that the 

periodontal condition had changed much during this 3 years interval, since subjects were still 

deprived from regular dental care. At the very most attachment loss could have progressed to 

some extent. It is also unlikely that the dietary habits of this population have changed much 

during this 3 year period. The present results with regard to vitamin C are in agreement with 

the findings of the epidemiological studies of the last decades investigating the relationship 

between vitamin C and periodontal disease (Ismail et al. 1983, Blignaut & Grobler 1992, 

Väänänen et al. 1993, Nishida et al. 2000, Amarasena et al. 2005). There are several plausible 

biological explanations how vitamin C could affect the periodontal tissues. For example, 

vitamin C deficiency may result in a lack of collagen formation (Berg et al. 1983), increased 

permeability of gingival mucosa (Alfano et al. 1975, Alvares & Siegel 1981) and reduced 

neutrophil function (Washko et al. 1991).  

The discussion about the role of vitamin C in periodontal disease is hindered by the 

results of studies that have investigated the role of vitamin C supplementation. Parfitt & Hand 

(1963) found that a daily dose of 500 mg vitamin C had no effect on gingival health despite 

the fact that at the start of the study the gingival health was poor and the plasma vitamin C 

level were low. No effect of vitamin C supplementation on the development of experimental 

gingivitis was found by Vogel et al. (1986), when a daily dose of 1500 mg was consumed. On 

the other hand, studies on experimental vitamin C depletion and supplementation showed a 

direct relationship between gingival inflammation and vitamin C status (Legott et al. 1986, 

Jacob et al. 1987). In a recent study, it was found that periodontitis patients are characterized 

by plasma vitamin C levels below the normal range and that grapefruit consumption reduced 

the sulcus bleeding scores but not the probing depth (Staudte et al. 2005). The improved 

gingival health as found in that study was most likely due to the vitamin C supplementation 

by means of grapefruits. Recent findings have also indicated that citrus fruits are more 

effective in increasing the plasma vitamin C levels as compared to high dose supplements 

(Sánchez-Moreno et al. 2003). 
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In the present study large variations were found with regard to the plasma vitamin C 

levels. It was surprising that this variation could not be explained by smoking because it has 

been found that cigarette smokers have lower plasma vitamin C values compared to non-

smokers (Chow et al. 1986, Schectman et al. 1989). In addition it has been shown that 

cigarette smokers have a higher turnover of vitamin C than non-smokers (Kallner et al. 1981). 

The lack of relationship between smoking and plasma vitamin C levels in the present study 

may explained that the fact that the smokers in this population do not smoke normal 

cigarettes but kretek cigarettes. Kreteks are also known as clove cigarettes, as they tipically 

contain 40% cloves and 60% tobacco. They are promoted as being less harmful (WHO 2006). 

The fact that kretek smoking may have not the same effects as cigarette smoking seems to be 

supported by the finding that in this population no difference in amount of attachment loss 

could be assessed between smokers and non-smokers. The lack of relationship between 

smoking, gender and attachment loss in this population has been extensively discussed in a 

previous paper (Van der Velden et al. 2006). 

It is well known that dietary intake of vitamin C is reflected in higher plasma vitamin C 

values. Fruit, vegetables and/or fruit juice three or more times a day increases plasma vitamin 

C levels above the threshold for risk of deficiency (Wrieden et al. 2000). This phenomenon is 

supported in the present population by the finding that those who had consumed kangkung on 

the day of examination all had plasma vitamin C values above 6.5 mg/l. The finding that 

almost half of the study population had optimal plasma vitamin C values was surprising, 

since the vitamin C content of the food appears to be rather low and also the mean intake 

frequency per month of the vitamin C containing nutrients is low. It is interesting to note that 

due to the cooking habits of this population all vegetables undergo prolonged cooking, which 

probably also diminishes the vitamin C content of consumed food. The most important source 

of vitamin C in this population seems to be Chili. This nutrient is consumed almost on a daily 

basis and contains high amounts of vitamin C. Unfortunately the amount of consumed Chili 

was not evaluated but it may be supposed that variations in amount of consumed chili could 

have contributed to the observed variation in plasma vitamin C levels.  

The fact that intake of vitamin C does not correspond to plasma vitamin C levels is not 

a new observation. For example, it has been shown that in Helicobacter pylori infections, the 

plasma vitamin C levels are also lower than expected on the basis of the vitamin C intake 

(Woodward et al. 2001). Park et al. (2003) found a negative correlation between vitamin C 

levels in the blood and the degree of active and chronic inflammation of the gastric mucosa. 

H. pylori has been shown to potentiate the polymorphonuclear leukocyte (PMN) oxidative 
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burst, which is accompanied by a considerable production of reactive oxygen metabolites 

(Mooney et al. 1991). Park et al. (2003) suggested that vitamin C within the microcirculation 

of the gastric mucosa is used to scavenge the reactive oxygen metabolites from the PMN; 

vitamin C is considered the first line of defense against the oxygen free radical damage in the 

body. It may be hypothesized that a comparable mechanism occurs in the periodontal tissues. 

So, the individual variation in the extent of the periodontal infection could contribute to the 

differences in plasma vitamin C levels between subjects as found in the present study. 

Another explanation could be that the bioavailability varies between subjects. 

Bioavailability is a measure of efficiency of gastrointestinal tract absorption of e.g. vitamin 

C. Vitamin C is directly transported across membranes by two sodium-dependent vitamin C 

transporter proteins (Stratakis et al 2000) and for both genes genetic variations have been 

demonstrated (Eck et al. 2004). Interestingly, in a recent study genetic variations in these two 

genes were  linked to preterm birth (Erichsen et al. 2006), a condition that has also been 

associated with periodontitis (Moliterno et al. 2005). Unfortunately in these studies the 

dietary vitamin C intake was not evaluated. In all it seems not unlikely that gene 

polymorphisms for the vitamin C transporter proteins could have contributed to the variations 

in vitamin C levels of the present population. This is part of further research. 

In conclusion, the present study demonstrated that in this population deprived from 

regular dental care, low plasma vitamin C levels were related to more periodontal attachment 

loss.  

 
 

Acknowledgments 

The authors thank the Pasir Junghunh Hospital Staff, for technical assistance in blood 

sampling; drg. Widyar Budi Purwanto for his continous support, the directors of tea-estate 

PTP VIII-Srikandi Malabar West Java Indonesia, Snataka Pribadi for making the study 

possible and the dental students of Dental Faculty UNPAD for their assistance during the 

study. The help of Prof dr. J. Hoogstraten and drs. W.D. Weeda in the preparation of the 

dietary questionnaire is greatly appreciated. 



Chapter 2 

34 

References 

 
Alfano MC, Miller SA, Drummond JF. Effect of ascorbic acid deficiency on the permeability 
and collagen biosynthesis of oral mucosal epithelium. Ann N Y Acad Sci. 1975;258:253-263. 
 
Alvares O, Siegel I. Permeability of gingival sulcular epithelium in the development of 
scorbutic gingivitis. J Oral Pathol. 1981;10:40-48. 
 
Amarasena N, Ogawa H, Yoshihara A, Hanada N, Miyazaki H. Serum vitamin C-periodontal 
relationship in community-dwelling elderly Japanese. J Clin Periodontol. 2005;32:93-97. 
 
Barros, L, Witkop CJ Jr. Oral and genetic study of Chileans 1960. III. Periodontal disease and 
nutritional factors. Arch Oral Biol. 1963;8:195-206. 
 
Berg RA, Steinmann B, Rennard SI, Crystal RG. Ascorbate deficiency results in decreased 
collagen production: under-hydroxylation of proline leads to increased intracellular 
degradation. Arch Biochem Biophys. 1983;1226:681-686. 
 
Blignaut JB, Grobler SR. High fruit consumption and the periodontal status of farm workers. 
Clin Prev Dent. 1992;14:25-28. 
 
Burrill DY. Relationship of blood plasma vitamin C level to gingival and periodontal disease. 
J Dent Res. 1942;21,353-363. 
 
Chow CK, Thacker RR, Changchit C, Bridges RB, Rehm SR, Humble J, Turbek J. Lower 
levels of vitamin C and carotenes in plasma of cigarette smokers. J Am Coll Nutr. 
1986;5:305-312. 
 
Eck P, Erichsen HC, Taylor JG, Yeager M, Hughes AL, Levine M, Chanock S. Comparison 
of the genomic structure and variation in the two human sodium-dependent vitamin C 
transporters, SLC23A1 and SLC23A2. Hum Genet. 2004;115:285-294. 
 
Enwonwu CO, Edozien JC. Epidemiology of periodontal disease in Western Nigerians in 
relation to socio-economic status. Arch Oral Biol. 1970;15:1231-1244. 
 
Erichsen HC, Engel SA, Eck PK, Welch R, Yeager M, Levine M, Siega-Riz AM, Olshan AF, 
Chanock SJ. Genetic variation in the sodium-dependent vitamin C transporters, SLC23A1, 
and SLC23A2 and risk for preterm delivery. Am J Epidemiol. 2006;163:245-254. 
 
Glickman, I. Acute vitamin C deficiency and periodontal disease I. The periodontal tissues of 
the guinea pig in acute vitamin C deficiency. J Dent Res. 1948a;27:9-23. 
 
Glickman, I. Acute vitamin C deficiency and periodontal disease II. The effects of acute 
vitamin C deficiency upon the response of periodontal tissues of the guinea pig to artificially 
induced inflammation. J Dent Res. 1948b;27:201-210. 
 
Hampl JS, Taylor CA, Johnston CS. Vitamin C deficiency and depletion in the United States: 
the Third National Health and Nutrition Examination Survey, 1988 to 1994. Am J Public 
Health. 2004;94:870-875. 



  Vitamin C and severity of periodontitis 
 

  35 

Ismail AI, Burt BA, Eklund SA. Relation between ascorbic acid intake and periodontal 
disease in the United States. J Am Dent Assoc. 1983;107:927-931. 
 
Jacob RA, Omaye ST, Skala JH, Leggott PJ, Rothman DL, Murray PA. Experimental vitamin 
C depletion and supplementation in young men. Nutrient interactions and dental health 
effects. Ann N Y Acad Sci. 1987;498:333-346. 
 
Kallner AB, Hartmann D, Hornig DH. On the requirements of ascorbic acid in man: steady-
state turnover and body pool in smokers. Am J Clin Nutr. 1981;34:1347-1355. 
 
Leggott PJ, Robertson PB, Rothman DL, Murray PA, Jacob RA. The effect of controlled 
ascorbic acid depletion and supplementation on periodontal health. J Periodontol. 
1986;57:480-485. 
 
Melnick SL, Alvarez JO, Navia JM, Cogen RB, Roseman JM. A case-control study of plasma 
ascorbate and acute necrotizing ulcerative gingivitis. J Dent Res. 1988;67:855-860. 
 
Moliterno LF, Monteiro B, Figueredo CM, Fischer RG. Association between periodontitis 
and low birth weight: a case-control study. J Clin Periodontol. 2005;32:886-890. 
 
Mooney C, Keenan J, Munster D, Wilson I, Allardyce R, Bagshaw P, Chapman B, Chadwick 
V. Neutrophil activation by Helicobacter pylori. Gut. 1991;32:853-857. 
 
Nishida M, Grossi SG, Dunford RG, Ho AW, Trevisan M, Genco RJ. Dietary vitamin C and 
the risk for periodontal disease. J Periodontol. 2000;71:1215-1223. 
 
Parfitt GJ, Hand CD. Reduced  plasma ascorbic acid levels and gingival health. J Periodontol.  
1963;34:47-51. 
 
Park JH, Kim SY, Kim DW, Lee WG, Rhee KH, Youn HS. Correlation between Helicobacter 
pylori infection and vitamin C levels in whole blood, plasma, and gastric juice, and the pH of 
gastric juice in Korean children. J Pediatr Gastroenterol Nutr. 2003;37:53-62. 
 
Russell AL, Leatherwood EC, Conzolatio CF, Van Reen R. Periodontal disease and nutrition 
in South Vietnam. J Dent Res. 1965;44:775-782. 
 
Russell DY. International nutrition surveys : A summary of preliminary findings. J Dent Res. 
1963;42:233. 
 
Sánchez-Moreno C, Cano MP, de Ancos B, Plaza L, Olmedilla B, Granado F, Martín A. 
Effect of orange juice intake on vitamin C concentrations and biomarkers of antioxidant 
status in humans. Am J Clin Nutr. 2003;78:454-460. 
 
Schectman G, Byrd JC, Gruchow HW. The influence of smoking on vitamin C status in 
adults. Am J Public Health. 1989;79:158-162. 
 
Silness J, Löe H. Periodontal disease in pregnancy. II. Correlation between oral hygiene and 
periodontal condition. Acta Odontol Scand. 1964;22:121-135. 
 



Chapter 2 

36 

Staudte H, Sigusch BW, Glockmann E. Grapefruit consumption improves vitamin C status in 
periodontitis patients. Br Dent J. 2005;199:213-217. 
 
Stratakis CA, Taymans SE, Daruwala R, Song J, Levine M. Mapping of the human genes 
(SLC23A2 and SLC23A1) coding for vitamin C transporters 1 and 2 (SVCT1 and SVCT2) to 
5q23 and 20p12, respectively. J Med Genet. 2000;37:E20. 
 
USDA (2010) National Nutrient Database for Standard Reference, release 26. Available 
from: 
http://ndb.nal.usda.gov/ndb/foods/show/112?fg=&man=&lfacet=&count=&max=25&sort=fd
_s&qlookup=egg&offset=&format=Full&new=&measureby=. Accessed June, 2014. 
 
Väänänen MK, Markkanen HA, Tuovinen VJ, Kullaa AM, Karinpää AM, Kumpusalo EA. 
Periodontal health related to plasma ascorbic acid. Proc Finn Dent Soc. 1993;89(1-2):51-9. 
 
Van der Velden U. Probing force and the relationship of the probe tip to the periodontal 
tissues. J Clin Periodontol. 1979;6:106-114. 
 
Van der Velden U, Abbas F, Armand S, Loos BG, Timmerman MF, Van der Weijden GA, 
Van Winkelhoff AJ, Winkel EG. Java project on periodontal diseases. The natural 
development of periodontitis: risk factors, risk predictors and risk determinants. J Clin 
Periodontol. 2006;33:540-548. 
 
Vogel RI, Lamster IB, Wechsler SA, Macedo B, Hartley LJ, Macedo JA. The effects of 
megadoses of ascorbic acid on PMN chemotaxis and experimental gingivitis. J Periodontol. 
1986;57:472-479. 
 
Vogel RI, Wechsler SM. Nutritional survey of patients with moderate to severe periodontitis. 
Clin Prev Dent. 1979;1:35-38. 
 
Washko P, Rotrosen D, Levine M. Ascorbic acid in human neutrophils. Am J Clin Nutr. 
1991;54(6 Suppl):1221S-1227S. 
 
WHO (2006) Tobacco deadly in any form or disguise. 
http://www.who.int/tobacco/communications/events/wntd/2006/Report_v8_4May06. 
 
Woodward M, Tunstall-Pedoe H, McColl K. Helicobacter pylori infection reduces systemic 
availability of dietary vitamin C. Eur J Gastroenterol Hepatol. 2001;13:233-237. 
 
Woolfe SN, Hume WR, Kenney EB. Ascorbic acid and periodontal disease: a review of the 
literature. J West Soc Periodontol Periodontal Abstr. 1980;28:44-56. 
 
Woot-Tsuen WL, Busson F, Jardin C. 1968. Food composition table for use in Africa. FAO 
corporate document repository. Rome, Italy. Available from: 
http://www.fao.org/docrep/003/X6877E/X6877E00.htm#TOC. Accessed June, 2014. 
 
Wrieden WL, Hannah MK, Bolton-Smith C, Tavendale R, Morrison C, Tunstall-Pedoe H. 
Plasma vitamin C and food choice in the third Glasgow MONICA population survey. J 
Epidemiol Community Health. 2000;54:355-360. 
 

http://www.who.int/tobacco/communications/events/wntd/2006/Report_v8_4May06


 
 

  37 

Chapter 3 
 
 

Java Project on Periodontal Diseases. 

Periodontal bone loss in relation to environmental and systemic conditions 
 
 
 
 
 
 

Amaliya1, Laine, M.L.2, Delanghe, J.R3, Loos, B.G.2, Van der Velden, U.2 

 

 

 

 

 
1Department of Periodontology, Padjadjaran State University, Bandung, Indonesia,  
2Department of Periodontology, Academic Centre for Dentistry Amsterdam (ACTA) 

University of Amsterdam and VU University Amsterdam, The Netherlands,  
3Department of Laboratory Medicine, Ghent University Hospital, Belgium



Chapter 3 

38 

Abstract 

Objective: To assess in a population deprived from regular dental care the relationship 

between alveolar bone loss (ABL) and environmental/systemic conditions. 

Material & Methods: The study population consisted of subjects from the Purbasari tea 

estate on West Java, Indonesia.  A full set of dental radiographs was obtained of each subject 

and amount of ABL was assessed. In addition, the following parameters were evaluated: 

plasma vitamin C, vitamin D3, HbA1c and CRP, the haptoglobin phenotype, the presence of 

putative periodontopathic bacteria and viruses, dietary habits, smoking and anthropometrics.  

Results: In this population 45% showed vitamin C depletion/deficiency, 82% had vitamin D3 

insufficiency/deficiency, 70% were in a pre-diabetic state, 6% had untreated diabetes, 21% 

had high CRP values ranging from 3.1-16.1mg/l. Results of the regression analysis, including 

all above mentioned parameters, showed four significant predictors, explaining 19.8% of the 

variance of ABL. Number of P. gingivalis cells and CRP values showed a positive 

relationship with ABL whereas BMI and number of guava fruit servings were negatively 

related. 

Conclusion: Results suggest that elevated levels of P. gingivalis may be indicative for 

periodontitis progression whereas increased consumption of guava fruit may play a protective 

role in periodontitis of a malnourished population. 
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Introduction 

Periodontitis is a multifactorial disease caused by an imbalance between environmental 

factors and the host defense. The environmental factors include, apart from microorganisms, 

life style factors and living conditions. In addition, systemic conditions may play a role in the 

development of the disease. 

Bacteria that have been implicated in periodontal disease include Aggregatibacter 

actinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia, Tannerella 

forsythia, Fusobacterium nucleatum, Parvimonas micra and Treponema denticola (Slots & 

Ting 1999, Socransky et al. 2002, Van Winkelhoff et al. 2002). In addition, viruses like 

Cytomegalovirus (CMV), Epstein-Barr virus (EBV) and Herpes Simplex virus (HSV) have 

been reported to be related to periodontitis (Slots 2010).  

One of the most important life style factors related to the development and severity of 

periodontal disease is smoking. Depending on the definition of disease and the exposure to 

smoking, the risk to develop destructive periodontal disease is 5- to 20-fold elevated for a 

smoker compared to a never-smoker (Bergström 2004).  

Nutrition is another important life style factor related to periodontal disease (Van der 

Velden et al. 2011). The importance of vitamin C for periodontal health has been known for 

quite some time. Insufficient consumption of vegetables and fruits, the two major sources of 

vitamin C, can lead to depletion or deficiency states for the vitamin (Taylor et al. 2000, 

Wrieden et al. 2000). Evidence shows that plasma vitamin C levels are inversely related to 

the severity of periodontitis (Amarasena et al. 2005, Amaliya et al. 2007, Chapple et al. 

2007). In vivo vitamin C is prone to oxidation which is to some extent prevented by the 

plasma protein haptoglobin (Hp). This protein has been associated with a genetic 

polymorphism resulting in three major phenotypes (Hp 1-1, Hp1-2 and Hp 2-2) with 

functional differences. It was found that the stability of vitamin C in serum is lowest in Hp 2-

2 individuals (Langlois et al. 1997). Thus Hp phenotype may also be important in relation to 

periodontal disease.  

It has been shown that, in addition to vitamin C, vitamin D may be linked to 

periodontal disease (Dietrich et al. 2005, Alshouibi et al. 2013). Vitamin D can be obtained 

from food or from endogenous production in the skin when exposed to adequate sunlight 

(Holick, 2008). With aging there is a dramatic decline of the skin to produce vitamin D 

(MacLaughlin & Holick 1985). Thus it may be expected that especially in individuals 

deprived from sunlight and in older age groups, vitamin D deficiency may develop.  
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Another aspect of diet is its systemic effects. Overconsumption of carbohydrates and 

fats may result in overweight or obesity and the latter is a risk indicator for periodontal 

disease (Van der Velden et al. 2011, Suvan et al. 2011). It has been shown that diets with a 

high glycemic index increase the risk of chronic life-style related diseases like diabetes type 2 

(Barcley et al. 2008), and higher HbA1c levels increase the risk for periodontitis (Morita et 

al. 2012). Elevated CRP levels are a strong independent risk factor for the development of 

diabetes type 2 (Pradhan et al. 2001, Hu et al. 2004) and have been related to periodontitis 

(Paraskevas et al. 2008). Also, periapical lesions may contribute to elevated CRP levels since 

surgical treatment reduced CRP levels (Marton & Kiss 1992). Thus, HbA1c and CRP levels 

are important indicators for general and dental health.  

In 2005 plasma vitamin C levels were assessed in a population deprived from regular 

dental care that previously participated in a study on the natural development of periodontitis 

(Amaliya et al. 2007). The results of that study showed an inverse relationship between 

plasma vitamin C levels and periodontal breakdown. As discussed above it is suggested that, 

in addition to vitamin C, the amount of periodontal destruction in this population as well as 

the presence of periapical lesions may have been influenced by other environmental factors 

and systemic conditions. Therefore, the purpose of the present study was to investigate in this 

population whether the amount of alveolar and periapical bone loss was related to the levels 

of plasma vitamin C, vitamin D, HbA1c and hs-CRP, the Hp phenotype, the presence of 

putative periodontopathic bacteria and viruses, dietary habits and anthropometrics.  

 

Material and Methods 

In 2005 plasma vitamin C levels were assessed in 123 subjects of the original Indonesian 

study population (Amaliya et al. 2007). In 2011, the same 123 subjects were asked to 

participate in the present study. Prior to the start of the study, subjects were informed in detail 

about the objectives of the investigation and those willing to participate were requested to 

sign an informed consent form. The study was approved by the Ethics Committee of the 

Hasan Sadikin Hospital Bandung-West Java, Indonesia.  

 

Clinical procedures 

After signing the informed consent form, various variables were assessed including: age, 

gender, smoking habits and education level. Non-smokers included 3 former smokers who 

stopped smoking several years ago. Current smokers were asked about the estimated number 

of cigarettes/kreteks they smoke daily and the number of years they had smoked.  
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Dietary evaluation 

The dietary assessment was conducted by a trained examiner using a structured interview 

employed previously (Amaliya et al. 2007). The dietary habits were recorded by evaluating 

the food frequency, taken in the last month. For each food item the number of servings of 

vitamin C containing food was assessed. The level of vitamin C content of the various food 

products was based on the values provided by the National Nutrient Database for Standard 

Reference (USDA 2010) and Woot-Tsuen et al. (1968). Food products were categorized as 

high, fair, low or no vitamin C when they provided >60 mg, 31–60 mg, 2–30 mg and <2 mg 

vitamin C/100 g respectively (Kuzmanova et al. 2012). 

 

Blood sampling 

Fasting venous blood samples were collected into (i) a lithium heparin tube for vitamin C and 

25-hydroxyvitamin D3 assessment (further referred to as  vitamin D3), (ii) an EDTA tube for 

HbA1c assessment and (iii) a plain tube for hs-CRP analysis, seropositivity of 

cytomegalovirus (CMV) and Epstein Barr virus (EBV) and haptoglobin (Hp) phenotyping. 

Tubes were kept in 4oC until analysis in Hasan Sadikin Hospital Bandung-West Java. Plasma 

for vitamin C analysis was prepared immediately after sampling in order to minimize the 

oxidation of vitamin C.  

 

Microbiological sampling 

Subgingival microbiological samples were taken from the 4 sites that had also been 

previously sampled i.e. the deepest bleeding pocket with the greatest amount of attachment 

loss per quadrant (Timmerman et al. 2001). After careful removal of the supragingival plaque 

by means of a curette, subgingival plaque samples were taken using 2 sterile paper points per 

pocket. One paper point for bacteriological- and the other for viral evaluation. Paper points 

were transferred into a vial with 1ml lysis buffer (Biomerieux, NucliSens® Lysis Buffer, 

Marcy l'Etoile, France) resulting in 2 vials per subject with a pooled sample. The samples 

were kept in 4oC at the Hasan Sadikin Hospital Bandung-West Java until further processing. 

 

Radiographic examination 

A full set of dental radiographs was obtained of each subject using a long cone paralleling 

technique (Gnatus Timex 70 X-Ray Mobile Column, Brazil). Radiographs needed to meet the 

criterion that the landmarks used had to be visible i.e. the cemento-enamel junction, the 
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alveolar crest and the apices of the teeth. Radiographs were scanned using a commercially 

available, high-resolution device (Epson Perfection 4870 Photo, Seiko Epson Corporation, 

Suwa, Nagano, Japan) at a standard setting of 360 dpi. Scans were entered in the dental 

patient management software (Visiquick V3 3.0.1.611, Thomas Monitor Systems, 

Amsterdam, the Netherlands) for further analysis. Alveolar bone loss (ABL) was assessed 

mesially and distally of all teeth, except for M3, and the percentage of ABL relative to the 

root length was determined. For each individual, the mean ABL percentage was calculated by 

dividing the sum of the percentages of ABL mesially and distally of all teeth by the total 

number of surfaces. Furthermore, the number of teeth showing mesially or distally 

ABL≥30% or ABL≥50% was determined. In addition to ABL, periapical bone loss was also 

evaluated at all teeth by assessing presence or absence of periapical radiolucencies in terms of 

a widened periodontal ligament space (minimal periapical lesion) and an evident periapical 

radiolucency (evident periapical lesion). Intra-examiner repeatability of ABL and  periapical 

radiolucencies was satisfying (Spearman’s correlation coefficient 0.96;p<0.001 and Kappa 

0.86; p<0.001 respectively).  

 

Anthropometric evaluation of distribution of body dimensions 

Weight and height were recorded while subjects were wearing light clothing and without 

shoes. Body mass index (BMI) was calculated as the ratio of weight (in kg) to the square of 

height (in m). Subjects were classified as obese (BMI≥25kg/m2) according to the Asia-

Pacific perspective redefining obesity in adult Asian (WHO 2000). Waist circumference 

(WC) was measured just below the lowest rib according to Bosy-Westphal et al. (2010). Hip 

circumference (HC) was determined at the widest point. The Waist to Hip Ratio (WHR) was 

defined as WC divided by HC. 

 

Laboratory procedures 

Vitamin C and D analysis 

Within 10 min after sampling tubes were centrifuged with a low-speed centrifuge (Shanghai 

Surgical Instrument Factory, Shanghai, China) at 1559xg for 4 min. to separate plasma from 

blood cells. For vitamin C and vitamin D3 analysis, plasma was subsequently prepared 

according to the manufacturer’s instructions (Chromsystems, Vitamin C and Vitamin 25-OH-

D3/D2 Diagnostics Kits by HPLC, Munich, Germany). Plasma vitamin C levels were 

categorized as follows: normal (≥4.0mg/l), depletion (2 – 3.9mg/l) and deficiency (<2mg/l) 
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(Hampl et al. 2004). The used reference ranges of plasma vitamin D3 levels were: normal 

(50-200nmol/l), insufficiency (20-50nmol/l) and deficiency (<20nmol/l) (Haq et al. 2007).  

 

HbA1c analysis 

Hba1c analysis was performed by means of Cobas c 501 instrument (Turbidimetric-Inhibition 

Immunoassay, Roche Diagnostics GmBH, Mannheim, Germany). The anticoagulated whole-

blood samples were hemolyzed automatically on the Cobas c 501analyzer with Cobas c 

Hemolyzing Reagent Gen.2. Measuring range of HbA1c assessment was 2.3-18.9%, with the 

lower detection limit of 0.8%.  The criteria for HbA1c levels were as follows: normal 

(≤5.6%), pre-diabetes (5.7 – 6.4%), and diabetes (≥6.5%), (American Diabetes Association 

2012). 

 

hs-CRP analysis 

hsCRP measurement was performed from sera with Cobas® c501 autoanalyzer (Roche Ltd, 

Mannheim, Germany). Reagents were purchased from the same vendor and the tests were 

performed according to the recommendation of the manufacturer. Measuring range was 0.5-

75 mg/L with the lower detection limit of 0.1 mg/L. The classification for CRP levels with 

regard to risk of cardiovascular disease was as follows: low (< 1 mg/l), intermediate (1-3 

mg/l), high (> 3 mg/l) (Pearson et al. 2003). 

 

Haptoglobin phenotyping 

The Hp phenotype (Hp 1-1, Hp 2-1 and Hp 2-2) of the subjects was determined in serum 

using a chemiluminescence detection method for the rapid detection of Hp-phenotype after 

non-denaturating polyacrylamide gel electrophoresis as described previously (Huang et al. 

2004). 

 

Seropositivity of CMV and EBV. 

Seropositivity of CMV was measured with the electrochemiluminescence immunoassay 

ECLIA for the determination of IgG antibodies to CMV in human sera by means of a Cobas 

c501 immunoassay analyzers (Roche Ltd, Mannheim, Germany). Reagents were purchased 

from the same vendor and the tests were performed according to the recommendation of the 

manufacturer. Measuring range was 0.25 – 500 u/ml. Results obtained were interpreted as 

follows: <6.0 AU/ml = non-reactive and ≥6.0 AU/ml = reactive.  
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Seropositivity of EBV was also assessed by means of an Enzyme Linked 

Immunosorbent Assay (ELISA) using human antibodies of the IgG against EBV in human 

serum. Photometric measurement of the colour intensity was made at a wavelength of 450 nm 

and a reference wavelength of between 620 nm and 650 nm within 30 min. of adding the stop 

solution. The interpreting results recommended by EuroImmun are as follows: <16 RU/ml = 

negative, ≥16 to <22 RU/ml = borderline, ≥22 RU/ml = positive (EUROIMMUN AG, 

Luebeck, Germany). 

 

Quantitative polymerase chain reaction (qPCR) for bacterial and viral detection 

Bacterial DNA was extracted and purified using a column system (Spin Protocol, Qiagen, 

Germany) according to the manufacturer’s instructions. Isolated DNA was kept in -80oC until 

use. Previously published primer/probe sequences and protocol for the bacterial species were 

used (Bizzarro et al. 2013). In short, quantitative PCR analysis of A. actinomycetemcomitans, 

P. gingivalis, P. intermedia, T. forsythia, P. micra, F. nucleatum and T. denticola, was 

carried out with LightCycler®480II (Roche Molecular Diagnostics, Germany).  

      Viral DNA was isolated using CMV and EBV isolation kit QIAmp DSP Virus and 

QIAmp DNA Mini Kit (Qiagen Ltd., Hilden, Germany) according to the manufacturer’s 

instructions. Viral DNA were analyzed by means of Light Cycler 2.0TM (Roche Ltd, 

Penzberg, Germany) with specific reagent for Real-Time PCR artus® Herpes Virus LC-PCR 

Kits (Qiagen Ltd., Hilden, Germany). PCR conditions were set according the manufacturer’s 

instructions.  

Mean values of bacterial cells and viral copy counts were calculated by dividing the sum of 

bacterial cells or viral copy counts by the number of subjects that was positive. 

 

Statistical analysis 

Descriptive statistics and data analyses were performed with statistical software from SPSS 

(version 19.0; IBM SPSS Inc., Chicago, IL, USA). Differences between males and females 

were assessed by means of Chi-square and Mann-Whitney U tests where appropriate 

including Bonferroni correction for multiple comparisons. For assessment of relationships 

between the dependent variable mean ABL and the predictor variables, data of continuous 

variables were first analyzed whether they showed normal distributions (Shapiro-Wilk test 

p<0.05). Because after log transformation all variables, except mean ABL, maintained their 

non-normal distribution, the Box-Cox procedure was employed, finding the optimal 

normalizing transformation for each individual variable (Osborne 2010). This procedure 
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resulted in normal distributions of the dependent variable mean ABL and the predictor 

variables plasma vitamin C, vitamin D and CRP, as well as BMI, WC, WHR, P. gingivalis, T. 

denticola, P. micra and number of guava fruit servings. All remaining variables were 

dichotomized on the basis of the median or variable characteristics i.e. smoker/non-smoker, 

elementary completed or not completed, Hp phenotype and in case of A. 

actinomycetemcomitans on presence or absence. In order to investigate the predictive value 

of all above mentioned variables for ABL, a forward stepwise linear regression analysis was 

used. A logistic regression analysis was employed to evaluate the relationship between 

presence/absence of periapical radiolucences and the above mentioned variables. For all 

analyses, p-values <0.05 were considered statistically significant. 
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Results 

This study included 98 subjects, 53 women and 45 men with an age range from 39 to 50 

years. In Table 1 background and dental characteristics are presented for the total population 

and for females and males separately.  

 

Table 1. Background and dental characteristics of the total population and subpopulations 
according to gender. 
Variable 
 
Mean (SD) or N(%) 

Total population 
(N=98) 

Female 
(N=53) 

Male 
(N=45) 

Age   45.6 (3.5)**1 

 
44.8 (3.8) 

 
 46.5 (2.9)* 

 
Education level  
     Elementary school 
            not completed 
            completed 
      

 
 

54 (55.1 %) 
44 (44.9 %) 

 

 
 

36 (67.9 %) 
17 (32.1 %) 

 
 

 18 (40.0 %)* 

27 (60.0 %) 
  

# of smokers 
# smoking years 

# of cigarettes per day 
     # heavy smokers > 10/day 
     # light smokers ≤ 10/day  
   

      45 (45.9%)     
      23.5 (9.6) 

      10.0 (6.4) 

       26 (58%) 
       19 (42%) 

  7 (13.2%)  
7.4 (8.4) 
2.7 (4.1) 

        1 (14%) 
        6 (86%) 

   38 (84.4%)* 

 26.4 (6.2)* 

 11.3 (5.8)* 

      25 (66%)*       
      31 (34%) 

BMI (kg/m2) 

 
22.9 (3.5) 24.7 (3.5) 

 
      20.8 (1.9) 

 
WHR 
 

0.89 (0.08) 0.90 (0.09) 0.87 (0.07) 

Dental status    
   # of teeth 24.1 (3.7) 23.8 (3.7) 24.3 (3.5) 
   % ABL 30.1 (7.3) 29.0 (7.2) 31.5 (7.3) 
   # of teeth ABL ≥ 30%    9.6 (4.7) 8.7 (4.7) 10.6 (4.4) 
   # of teeth ABL ≥ 50%   1.9 (2.7) 1.6 (2.5)   2.4 (2.9) 
   # of teeth with PR 
           minimal 
           evident 

 
       0.6 (0.9)     
       1.1 (1.6) 

 
       0.6 (0.9) 

1.1 (1.5) 

 
         0.5 (1.0) 

   1.0 (1.8) 
BMI, body mass index; WHR, waist to hip ratio; ABL, alveolar bone loss; PR, periapical 
radiolucency; N, number. 
*significant dirrence between female and male p<0.05 
 

Subjects of this population showed a mean of 30% ABL in their dentition, ranging from 19% 

to 54%. Analysis showed a significant positive relation between the mean percentage ABL 

and age, years of smoking, number of cigarettes that people smoke and the BMI. The 

population included 6 heavy smokers of which the number of cigarettes per day ranged from 

15 to 24 and 39 light smokers who smoked on average 8 cigarettes per day. Females were 
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younger, had less education and smoked less. No significant gender differences were found 

regarding BMI, WHR, ABL and number of teeth with periapical radiolucencies. In 62 

subjects periapical radiolucencies were found.  Minimal periapical lesions were found in 36 

subjects whereas 50 subjects showed presence of evident periapical lesions. The mean 

number of evident lesions per subject was 1.1 ranging from 1 to 8 lesions.  

 

Table 2. Subgingival prevalence of bacteria and viruses; number of positive subjects and 
mean number of bacterial cells (x106) or mean number of viral copy counts per ml (x103) in 
positive subjects (total number of subjects is 98).  
 
      Microorganism 
 

 
Number of positive 

subjects 

 
Mean (SD) 

A.actinomycetemcomitans                46 1.70 (3.89) 

      P. gingivalis                                             97   24.84 (32.35) 

     P. intermedia                                          98 0.32 (0.39) 

     T. forsythia                                             98 1.23 (7.65) 

     P. micra                                                 98 0.75 (0.84)   

     F. nucleatum                                           98 0.10 (0.32) 

     T. denticola                                              98 1.66 (2.14) 

     Epstein Barr virus (EBV)* 73              20.69 (57.33) 

     Cytomegalovirus (CMV)* 0 0 

*Note: all subjects were sero-positive for EBV and CMV. 
 

 Microbiological evaluation showed that almost all subjects were positive for P. 

gingivalis, P. intermedia, T. forsythia, P. micra, F. nucleatum and T. denticola, whereas 

about half of the population was positive for A. actinomycetemcomitans (Table 2). P. 

gingivalis showed a 10 fold higher number of bacterial cells compared to the other putative 

periodontal pathogenic bacteria. No differences were found between females and males. 

Analysis of serum showed that all subjects were sero-positive for EBV and CMV. However, 

none of the subjects was subgingivally positive for CMV, whereas 75% of the population was 

subgingivally positive for EBV. 



Chapter 3 

48 

Table 3. Vitamin C, Vitamin D3, HbA1c and CRP values of the total sample group and variable categories including Hp phenotype 
 
Variables assessed in 
plasma 
  

   
Variable Categories 

 

Vitamin C 

 
N 
Mean (SD) mg/l 
 

Total sample group 
 

98 
5.19 (3.30) 

Normal 
(≥ 4.0 mg/l) 

54 
7.34 (2.97) 

Depletion 
(2.0 - 3.9 mg/l) 

33 
2.88 (0.63) 

Deficiency 
(< 2.0 mg/l) 

11 
1.48 (0.34) 

Vitamin D3  
 
N 
Mean (SD) nmol/l 
 

Total sample group 
 

91 
26.35 (15.95) 

Normal 
(50-200 nmol/l) 

10 
57.73 (5.30) 

Insufficiency 
(20-50 nmol/l) 

41 
32.34 (8.08) 

Deficiency 
(< 20 nmol/l) 

40 
12.35 (4.70) 

HbA1c 

 
N 
Mean (SD) % 

Total sample group 
 

98 
5.96 (0.88) 

Normal 
(≤ 5.6 %) 

23 
5.42 (0.19) 

 

Pre-diabetic 
(5.7 - 6.4 %) 

69 
5.89 (0.19) 

Diabetes 
(≥ 6.5%) 

6 
8.68 (2.04) 

CRP 

 
N 
Mean (SD) mg/l 
 

Total sample group 
 

98 
2.16 (2.73) 

Low VRG 
(< 1 mg/l) 

45 
0.52 (0.21) 

Intermediate VRG  
 (1-3 mg/l) 

32 
1.69 (0.56) 

High VRG 
(> 3 mg/l) 

21 
6.36 (3.26) 

Hp phenotype 

 
N 

Total sample group 
 

97 
 

Hp 1-1 
 

21 (21.6%) 

Hp2-1 
 

48 (36.9%) 

Hp 2-2 
 

28 (21.5%) 

HbA1c, glycated hemoglobin; CRP, C-reactive protein; Hp, haptoglobin; VRG, vascular risk group; N, number of subjects.
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From this population, 45% showed vitamin C depletion/deficiency, 70% were in a pre-

diabetic state, 6% had untreated diabetes, 21% had high CRP values ranging from 3.1-

16.1mg/l and 33% showed intermediate values. Due to technical difficulties plasma vitamin 

D3 could not be assessed in 7 subjects, in the remaining population 82% had vitamin D3 

insufficiency or deficiency.  The majority of the subjects showed a Hp2-1 phenotype (Table 

3). 

 

Table 4. Mean number of servings during one month by food products and their vitamin C 
content in the population (N=98). 
 
 

Mean number of servings (SD) 

High vitamin C : 61-280 mg/100 g 
     Cassava leaves      
     Chili 
     Guava fruit 

 

 
3.0 (3.1) 

5.8 (2.5) 
 8.4 (7.2) 

Fair vitamin C : 21-60 mg/100 g 
     Kangkung  
     Sweet potato 

 
2.9 (2.8) 
9.9 (9.5) 

 
Low vitamin C : 2-20 mg/100 g 
     Cabbage 
     Soybean sprouts 
     Banana 
     Avocado 
     Carrot 
     Onion 
     Cassava 

 
 

9.0 (6.6) 
8.9 (6.8) 
5.5 (4.9) 
0.8 (3.5) 
8.8 (7.6) 
6.9 (0.7)  
4.9 (6.4) 

 
No vitamin C : < 2 mg/100 g      
     Corn 
     Rice 
     Salted fish 
     Carp 
     Goldfish 
     Chicken 
     Lamb 
     Beef 
     Egg 
     Garlic 

 
  3.1 (18.1) 
86.0 (12.8) 
  5.1 (11.1) 

0.5 (1.9) 
3.9 (3.8) 
4.0 (3.4) 
0.1 (0.5) 
1.8 (5.2) 

17.2 (11.5) 

6.8 (1.2) 
  

 
The various components of the diet are presented in Table 4 in terms of the mean number of 

servings taken during one month in relation to their vitamin C content. For the fruit products 

with high vitamin C content the number of servings during one month ranged between 0-16 

for cassava leaves, 0-7 for chili and 0-30 for guava fruit. 
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The results of the regression analysis, in which levels of plasma vitamin C, vitamin D, 

HbA1c and hs-CRP, the Hp phenotype, the presence of putative periodontopathic bacteria 

and viruses, the dietary habits and anthropometrics were entered as predictive variables for 

ABL, are presented in table 5.  

 

Table 5. Significant predictor variables for ABL as assessed by means of a forward 
stepwise linear regression analysis (N=98).  
Variable  Unstandardized 

Coefficient B 
SE Correlation 

Coefficient β 
P-value 

BMI (kg/m2) 
 

      − 0.516 0.153     − 0.335 0.001 

P. gingivalis 
 

         0.157 0.070 0.210 0.028 

CRP (mg/l) 
 

         1.039 0.456 0.226 0.025 

Guava fruit 
 

      − 0.137 0.061     − 0.209 0.029 

Model constant 
  

3.950 0.443  < 0.0001 

The model showed an explained variance (R2) of 19.8% (adjusted R2=0.069%);  
SE, standard error. 
 

It can be seen that the BMI, numbers of subgingival P. gingivalis cells, plasma CRP values 

and number of guava fruit servings were significant predictors, explaining 19.8% of the 

variance of ABL. P. gingivalis and CRP showed a positive relationship with ABL whereas 

BMI and guava fruit were negatively related. Post hoc analysis regarding the relationship 

between BMI and ABL showed that the lower decile of this population, having a BMI ≤ 19, 

had significantly more ABL than the remaining part of the population (34.6% versus 29.6% 

respectively, p=0.039). No relationships were found between periapical radiolucences and 

any of the predictor variables. 
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Discussion 

The present study is a follow-up investigation in an Indonesian population of a cohort that 

previously participated in an investigation on the natural development of periodontitis (van 

der Velden et al. 2006) and in which the contribution of diet to the experienced periodontal 

breakdown was studied also (Amaliya et al. 2007). In that study, actually carried out in 2005, 

a significant relationship was found between plasma vitamin C values and attachment loss as 

assessed in 2002. Surprisingly, in the present study no relation was found between plasma 

vitamin C values and the amount of ABL. Analysis of the present data set and that of the 

same subjects of 2002, showed a highly significant correlation between the present ABL and 

the attachment loss in 2002 (p<0.0001). In contrast, no correlation was found between plasma 

vitamin C values of the present study and those of 2005. A major difference between the two 

studies is that in 2005 non-fasting blood samples were collected whereas in the present study 

fasting blood samples were obtained. In other studies which have reported a significant 

inverse relationship between plasma vitamin C levels and the severity of periodontal disease, 

it was not mentioned whether fasting or non-fasting blood samples were used (Väänänen et 

al. 1993, Amarasena et al. 2005, Panjamurthy et al. 2005, Chapple et al. 2007). Therefore, 

most likely non-fasting blood samples were used and it may be assumed that non-fasting 

blood samples reflect in a better way the relationship between vitamin C plasma values and 

disease. In a recent study it was suggested that, due to genetic variation of vitamin C 

transporter protein SVCT 1, periodontitis patients may be less capable in vitamin C uptake 

(Kuzmanova et al. 2012). Thus, plasma vitamin C levels of non-fasting blood samples may 

better reflect individual variation in the vitamin C uptake capacity of subjects. This effect 

may has been masked by in fasting blood samples, which reflect vitamin C levels after 

distribution into cells and tissues.  

Since the previous study of this population found an inverse correlation between 

vitamin C and attachment loss (Amaliya et al. 2007), this time also the haptoglobin 

phenotype in this population was assessed. Haptoglobin is a circulating protein that binds free 

hemoglobin to prevent heme-driven oxidative damage. However, when the antioxidant 

function of haptoglobin is insufficient, vitamin C has been proposed to act in its place, 

subsequently depleting serum ascorbic acid (Delanghe et al. 2007). This applies especially to 

subjects with Hp2-2 phenotype in which an increased risk of vitamin C deficiency has been 

demonstrated (Cahill & El-Sohemy 2010). In the present study population 26% of subjects 

had the Hp2-2 phenotype however no relation was found with plasma vitamin C levels nor 

with ABL. Likewise the lack of relation between plasma vitamin C values and the amount of 
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ABL, the lack of relation between Hp phenotype and vitamin C plasma levels and ABL could 

also be explained by the fact that fasting blood samples were used. 

 A number of previous studies have shown an inverse relationship between dietary 

vitamin C intake and the severity of periodontal disease (Vogel & Wechsler 1979, Ismail et 

al. 1983, Nishida et al. 2000). This observation was confirmed in the present study in which 

an inverse relation was found between the number of guava fruits consumed during the 

previous month and the amount of ABL. In the previous 2005 study we also evaluated the 

guava intake during the previous month but were not able to confirm a relationship. Re-

analysis of the old data set showed that the correlation between guava fruit intake and mean 

attachment loss was marginally significant (p=0.10). Probably, the nine years of disease 

progression and the loss of 25 subjects no longer available for examination, contributed to the 

finding of a significant inverse relation between guava fruit and ABL in the present study. 

A poor quality of diet may be reflected in the unhealthy condition of the study 

population with 70% in a pre-diabetic state and 6% having undiagnosed diabetics. Most 

varieties of white rice are regarded as foods with a high glycemic index (Miller et al. 1992). 

In a large systematic review regarding prospective studies on development of chronic 

diseases in general, it has been shown that diets with a high glycemic index are associated 

with increased risk of the development of several chronic diseases including diabetes 

(Barclay et al. 2008). It is generally accepted that there is an association between diabetes 

mellitus type 2 and periodontitis, and that diabetes can be considered as a risk factor for 

periodontitis (Chávarry et al. 2009). In the present study no relation was found between 

HbA1c plasma levels and ABL possibly due to the fact that the number of subjects with 

HbA1c values ≥6.5% was too small. However, the poor diet may have resulted in the 

relatively low BMI (22.9 kg/m2), a negative relationship between BMI and ABL and 10 

subjects with a BMI ≤19 (kg/m2). The latter subjects may be regarded as malnourished, 

which could explain the more severe ABL. 

In the present study plasma CRP levels were related to the severity of ABL. This 

finding is in agreement with the results of a relatively recent systemic review showing strong 

evidence from cross-sectional studies that plasma CRP in periodontitis is elevated compared 

with controls (Paraskevas et al. 2008). It has also been suggested that CRP levels are 

increased in subjects with apical periodontitis compared with healthy controls (Gomes et al. 

2013). However this could not be confirmed in the present study.  

Since periodontitis is inextricably linked to a number of putative periodontopathic 

bacteria, microbiological evaluation was included from the start of the study on the natural 
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development of periodontitis in 1987. Results of the 15 year prospective evaluation showed 

that subgingival presence of A. actinomycetemcomitans but not P. gingivalis could be 

regarded as a risk factor for the onset of disease (Van der Velden et al. 2006). In the present 

study almost all subjects were positive for P. gingivalis and a relationship was found between 

the number P. gingivalis cells and ABL. Data of the 1987 database showed that already in 

1987 86.7% of the present subjects were positive for P. gingivalis. These findings suggest 

that P. gingivalis load may be regarded as a risk indicator for disease progression, which is in 

line with the literature (Moore et al. 1991, Grossi et al. 1994). Moreover the present results 

confirm that P. gingivalis is best described as a pathobiont as suggested by Cugini et al. 

(2013), i.e. symbiont that is able to promote pathology only when specific genetic or 

environmental conditions are altered in the host (Chow & Mazmanian 2010).  

It has been suggested that the vitamin D3 status could influence the periodontal 

condition. The effect on gingivitis has been well established (Dietrich et al. 2005, Hiremath et 

al. 2013). The relationship between vitamin D3 and periodontal breakdown is less clear. Some 

studies showed an inverse relationship (Dietrich et al. 2004, Miley et al. 2009, Alshouibi et 

al. 2013), while Millen et al. (2013) found no relationship with ABL and Liu et al. (2009) 

who observed higher plasma vitamin D3 level in aggressive periodontitis patients compared 

to controls. In the present study with a population having low plasma vitamin D3 levels, no 

relationship could be assessed between vitamin D3 and ABL, confirming the results of the 

study of Millen et al. (2013). 

In conclusion, results of this study suggest that elevated levels of P. gingivalis may be 

indicative for the risk of periodontitis progression whereas increased consumption of guava 

fruit may play a protective role in periodontitis of a malnourished population.  
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Abstract 

Objective: To assess in a periodontally diseased population deprived from regular dental care 

and having poor dietary conditions, the effect of vitamin C supplementation in combination 

with flavonoids on plasma levels of vitamin C, HbA1c, CRP and the subgingival 

microbiological load in periodontal pockets. 

Material & Methods: The study population consisted of 98 subjects from the Purbasari tea 

estate on West Java, Indonesia. For this supplementation study all subjects were instructed to 

consume one tablet a day containing 200 mg Ester C® calcium ascorbate, 25 mg calcium 

threonate and 100 mg citrus flavonoids (vitamin C/Ca/Fl) for 90 days. The following 

parameters were evaluated: plasma vitamin C, vitamin D, HbA1c and CRP, the presence of 

putative periodontopathic bacteria and viruses.  

Results: The mean plasma vitamin C value at baseline was 5.19 mg/l and included 44 

subjects (45%) who showed plasma vitamin C values <4.0 mg/l. After supplementation, in all 

individual subjects the plasma vitamin C values rose to levels above 4.0 mg/l with a mean of 

12.1 mg/l, ranging from 4.1 to 21.2 mg/l. After supplementation all subjects had lower 

HbA1c levels than before, interestingly 41% of the subjects in the pre-diabetic group changed 

to the normal group. CRP levels were also lower in all individuals after supplementation than 

before, decreasing from 2.16 to 0.94 mg/l. For all studied bacteria and Epstein Barr virus a 

significant decrease in their quantity was found. 

Conclusion: in populations with poor dietary conditions emphasis should be paid by the 

authorities to improve the fruit intake. 
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Introduction 

The importance of fruits, containing relatively large amounts of vitamin C, for human health 

has been known for quite some time due to its use in the prevention and treatment of scurvy 

(Luca & Norum 2011). At present, vitamin C has been shown not only to be related to scurvy 

but also to a number of other conditions and diseases.  In addition to vitamin C, fruits contain 

a variety of flavonoids with health related properties (Landete 2012). 

 Research in the diabetes field tends to show lower levels of plasma vitamin C in 

subjects with diabetes type 2 as compared to healthy controls (Sinclair et al. 1994 and 

discussed by Will et al. 1999). Interestingly, in adults with type 2 diabetes reduced vitamin C 

content of mononuclear leukocytes (Cunningham et al. 1991) and lymphocytes has been 

reported (Yamada et al. 2004). In addition, a more recent prospective study showed that 

higher plasma vitamin C levels were associated with a substantially decreased risk of type 2 

diabetes development (Harding et al. 2008). Apart from vitamin C, it has been reported also 

that diets rich in flavonoids are related also with a lower incidence of diabetes (Zamora-Ros 

et al. 2013).  

 Cardiovascular research revealed in many studies a positive association between high-

sensitivity C-reactive protein (CRP), a marker of inflammation, and cardiovascular disease 

(Musunuru et al. 2008). It has also been shown that plasma vitamin C levels are inversely 

associated with CRP (Wannamethee et al. 2006). Like vitamin C, flavonoids are found to be 

inversely related to CRP plasma values (Filiberto et al. 2013) and high intakes of dietary 

flavonoids are associated with decreased cardiovascular disease mortality and risk factors 

(Toh et al. 2013).  

 Another chronic disease frequently associated with vitamin C, concerns periodontal 

diseases i.e. diseases of the supporting soft- and hard tissues of the teeth initiated by putative 

periodontopathic microorganisms. Well known is the relationship between necrotizing 

ulcerative gingivitis (NUG) and vitamin C deficiency (Melnick et al. 1988). In addition, it has 

been shown that plasma vitamin C levels are inversely related to the severity of periodontitis 

(Amarasena et al. 2005, Amaliya et al. 2007, Chapple et al. 2007). The limited research 

available on the effect of vitamin C supplementation in periodontal diseases, either by diet or 

supplements, showed that gingival bleeding may decrease (Leggott et al. 1986, Jacob et al. 

1987, Staudte et al. 2005). This could be explained by a reduction in periodontopathic 

microorganisms as a result of an improved host response. However, it does not result in a 

reduction of the periodontal lesion (Leggott et al. 1991). Little research is available 

concerning a possible relationship between flavonoids and periodontal disease. In one 
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epidemiological study a significant inverse dose-response relationship between the intake of 

isoflavones and the prevalence of self reported periodontal disease was observed (Tanaka et 

al. 2008).   

 In 2005 plasma vitamin C levels were assessed in an Indonesian population that had 

been part of an investigation of the natural development of periodontitis. In this cohort, 

deprived from regular dental care and aged at that time 33-43 years, an inverse relationship 

was found between plasma vitamin C levels and the amount of periodontal breakdown 

(Amaliya et al. 2007). Also, 28.5% of the study population was depleted/deficient of vitamin 

C, i.e. plasma values <4.0 mg/l. The purpose of the present study was twofold. Firstly, to 

investigate whether the subjects that were deficient/depleted of vitamin C in the previous 

study (Amaliya et al. 2007) had indeed a reduced capacity to absorb vitamin C. Secondly, to 

evaluate in this periodontally diseased population whether supplementation of vitamin C in 

combination with flavonoids results in increased levels of plasma vitamin C, decreased 

plasma levels of HbA1c and CRP and whether it has an effect on the subgingival 

microbiological load in periodontal pockets. 

 

Materials and Methods 

In 2005 plasma vitamin C levels were assessed in 123 subjects of the original Indonesian 

study population (Amaliya et al. 2007). In 2011, the same 123 subjects were asked to 

participate in the present study. Prior to the start of the study, subjects were informed in detail 

about the objectives of the investigation. The study was approved by the Ethics Committee of 

the Hasan Sadikin Hospital Bandung-West Java, Indonesia. This vitamin C supplementation 

study is part of a larger study in which the amount of periodontal bone loss was studied in 

relation to the levels of plasma vitamin C, vitamin D, HbA1c and CRP, the Hp phenotype, the 

presence of putative periodontopathic bacteria and viruses, dietary habits and 

anthropometrics (Amaliya et al. 2014).  

It was the intention of the authors to perform a placebo controlled clinical trial. However no 

permission was granted by the Ethic Committee since this population participated already 

since 1987 in a longitudinal prospective study without any treatment. Also it had already 

been shown that almost one third of the population was depleted/deficient of vitamin C. 

Therefore, all subjects in this study had to be provided with vitamin C supplementation 

resulting in a prospective cohort study. 
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Clinical procedures 

At baseline, the 98 subjects that could be retrieved and who volunteered to participate in the 

study,  signed the informed consent. Subsequently age, gender and smoker status were 

recorded. Non-smokers included 3 former smokers who stopped smoking 9 months, 3 and 18 

years ago respectively. Furthermore, fasting blood samples and periodontal pocket samples 

for microbiological evaluation were collected. Other clinical procedures have been reported 

previously (Amaliya et al. 2014). 

 

Capacity of vitamin C absorption experiment 

In 2005, 28 subjects were identified showing depleted/deficient plasma vitamin C levels 

(<4.0 mg/l). All 28 subjects could be retrieved for the present absorption experiment. After 

the baseline clinical procedures, subjects were instructed to consume the following two days 

1 tablet of 60 mg regular vitamin C (ascorbic acid) just before dinner with a glass of water. In 

the morning after the second tablet again a fasting blood sample was obtained. Thereafter, the 

subjects followed the same supplementation procedure as the other subjects of the 

supplementation  study. 

 

Vitamin C supplementation study 

After the baseline clinical procedures subjects were instructed to consume one tablet a day 

containing 200 mg Ester C® calcium ascorbate, 25 mg calcium threonate and 100 mg citrus 

flavonoids (vitamin C/Ca/Fl) for 90 days. Tablets were taken with a glass of water just before 

having dinner. Compliance was assessed by making groups of 6 subjects each who were 

living in an adjacent place of the village. Each group elected a leader to control the vitamin C 

intake. Every 30 days, all subjects were asked to bring back the bottle with tablets of which 

the remaining tablets were calculated. 

 

Blood sampling  

At baseline after supplementation fasting venous blood samples were collected into (i) a 

lithium heparin tube for vitamin C assessment, (ii) an EDTA tube for HbA1c assessment and 

(iii) a plain tube for CRP analysis, seropositivity of cytomegalovirus (CMV) and Epstein Barr 

virus (EBV). Tubes were kept at 4oC until analysis in Hasan Sadikin Hospital Bandung-West 

Java. Plasma for vitamin C analysis was prepared immediately after sampling in order to 

minimize the oxidation of vitamin C. 
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Microbiological sampling 

Subgingival microbiological samples were taken from the 4 periodontal lesions that were also 

previously sampled i.e. the deepest bleeding pocket with the greatest amount of attachment 

loss per quadrant (Timmerman et al. 2001). After careful removal of the supragingival plaque 

by means of a curette, subgingival plaque samples were taken using 2 sterile paper points per 

pocket. One paper point was used for bacteriological and the other for viral evaluation. Paper 

points were suspended in 1ml lysis buffer (Biomerieux, NucliSens® Lysis Buffer, Marcy 

l'Etoile, France) resulting in 2 vials per subject with a pooled sample. Until analysis, vials 

were kept at 4oC in Hasan Sadikin Hospital Bandung-West Java. 

 

Laboratory procedures 

Vitamin C analysis 

After collection, tubes were centrifuged with a low-speed centrifuge (Shanghai Surgical 

Instrument Factory, Shanghai, China) at 1559xg. for 4 min. to separate plasma from blood 

cells. To minimize the oxidation of the vitamin C, the latter procedure was performed within 

10 min. after sampling. The plasma obtained was subsequently subjected to the preparation 

procedures according to the instruction manual for Chromsystems High-Pressure Liquid 

Chromatography (HPLC)-Analysis of Vitamin C in Plasma (Chromsystems, Vitamin C 

Diagnostics Kit by HPLC, Munich, Germany). Detailed procedures of vitamin C analysis 

have been reported previously (Amaliya et al. 2007). Plasma vitamin C levels were 

categorized as follows: normal (≥4.0mg/l), depletion (2 – 3.9mg/l) and deficiency (<2mg/l) 

(Hampl et al. 2004). 

 

HbA1c analysis 

Hba1c analysis was performed by means of Cobas c 501 instrument (Turbidimetric-Inhibition 

Immunoassay, Roche Diagnostics GmBH, Mannheim, Germany). The anticoagulated whole-

blood samples were hemolyzed automatically on the Cobas c 501analyzer with Cobas c 

Hemolyzing Reagent Gen.2. Measuring range of HbA1c assessment was 2.3-18.9%, with the 

lower detection limit of 0.8%.  The criteria for HbA1c levels were as follows: normal 

(≤5.6%), pre-diabetes (5.7 – 6.4%), and diabetes (≥6.5%) (American Diabetes Association 

2012). 

 

 



  Vitamin C supplementation  
 

  67 

 

hsCRP analysis 

hsCRP was measured by a partical-enhanced turbidimetric immunoassay on a Cobas c501 

instrument (Roche/Hitachi), using reagents from Roche Diagnostics (GmBH, Mannheim, 

Germany). Measuring range was 0.5-75 mg/l with the lower detection limit of 0.1 mg/l. The 

classification for CRP levels with regard to risk of cardiovascular disease was as follows: low 

(<1 mg/l), intermediate (1-3 mg/l), high (> 3 mg/l) (Pearson et al. 2003). 

 

Seropositivity of CMV and EBV. 

Seropositivity of CMV was measured with the electrochemiluminescence immunoassay 

ECLIA for the determination of IgG antibodies to CMV in human sera by means of a Cobas 

c501 immunoassay analyzers (Roche Ltd, Mannheim, Germany). Reagents were purchased 

from the same vendor and the tests were performed according to the recommendation of the 

manufacturer. Measuring range was 0.25 – 500 u/ml. Results obtained were interpreted as 

follows: <6.0 AU/ml = non-reactive and ≥6.0 AU/ml = reactive.  

Seropositivity of EBV was also assessed by means of an Enzyme Linked Immunosorbent 

Assay (ELISA) using human antibodies of the IgG against EBV in human serum. 

Photometric measurement of the colour intensity was made at a wavelength of 450 nm and a 

reference wavelength of between 620 nm and 650 nm within 30 min. of adding the stop 

solution. The interpreting results recommended by EuroImmun are as follows: <16 RU/ml = 

negative, ≥16 to <22 RU/ml = borderline, ≥22 RU/ml = positive (EUROIMMUN AG, 

Luebeck, Germany). 

 

Quantitative polymerase chain reaction (qPCR) for bacterial and viral detection 

Bacterial DNA was extracted and purified using a column system (Spin Protocol, Qiagen, 

Germany) according to the manufacturer’s instructions. Isolated DNA was kept in -80oC until 

use. Previously published primer/probe sequences and protocol for the bacterial species were 

used (Bizzarro et al. 2013). In short, quantitative PCR analysis of A. actinomycetemcomitans, 

P. gingivalis, P. intermedia, T. forsythia, P. micra, F. nucleatum and T. denticola, was 

carried out with LightCycler®480II (Roche Molecular Diagnostics, Germany).  

      Viral DNA was isolated using CMV and EBV isolation kit QIAmp DSP Virus and 

QIAmp DNA Mini Kit (Qiagen Ltd., Hilden, Germany) according to the manufacturer’s 

instructions. Viral DNA were analyzed by means of Light Cycler 2.0TM (Roche Ltd, 

Penzberg, Germany) with specific reagent for Real-Time PCR artus® Herpes Virus LC-PCR 



Chapter 4 

68 

Kits (Qiagen Ltd., Hilden, Germany). PCR conditions were set according the manufacturer’s 

instructions.  

Mean values of bacterial cells and viral copy counts were calculated by dividing the sum of 

bacterial cells or viral copy counts by the number of subjects that was positive. 

 

Statistical analysis 

Descriptive statistics and data analyses were performed with statistical software from SPSS 

(version 19.0, SPSS Inc., Chicago, IL, USA). Normality testing showed that all variables 

were non-normally distributed. Therefore, Wilcoxon matched-pairs test was used to analyze 

data before and after supplementation. Bonferroni corrections were applied for multiple 

comparisons. Differences were regarded  statistically significant at p-values ≤0.05. 
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Results  

Capacity of vitamin C absorption experiment 

The evaluation of the baseline plasma vitamin C levels showed that of the 28 subjects that 

were depleted/deficient in 2005, 15 were again depleted/deficient in the present study. 

Vitamin C supplementation of 2 days resulted in a significant increase of plasma vitamin C 

values in all subjects (Table 1). However, of the two deficient subjects one was still deficient 

after supplementation with vitamin C . In the depleted group of 13 subjects, five remained 

depleted after supplementation although their plasma vitamin C values increased 

significantly. This implies that 20.1% of the studied subjects remained depleted/deficient 

after supplementation with 60 mg vitamin C for two days.  

 

Table 1. Vitamin C (mg/l) values of subjects that showed previously plasma vitamin C levels 
<4.0 mg/l and took in the present study during 2 days 60 mg/day vitamin C (N=28).  
 
 
Baseline 

 
2 days after supplementation (N=28) 

 
  

Deficient Depleted Normal 

 
 

           Vitamin C  
N        mean (SD) 
 

         Vitamin C  
N      mean (SD) 

         Vitamin C  
N      mean (SD) 

         Vitamin C  
N      mean (SD) 

Deficient 
 

  2       1.47 (0.19)        1         1.87 ─         ─   1      6.90 

Depleted 
 

13      2.85 (0.57) *1  ─          ─  5      3.26 (0.48)  8      7.95 (2.53) 

Normal 
 

13      7.49 (3.19) *2   ─          ─ ─         ─ 13   10.25 (3.25) 

*significant different from after supplementation(paired tests): *1=0.002, *2=0.002 
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Supplementation study 

The mean plasma vitamin C value at baseline of the total group was 5.19 mg/l and included 

44 subjects (45%) who showed plasma vitamin C values <4.0 mg/l. After supplementation 

for 90 days with one tablet vitamin C/Ca/Fl per day, in all individual subjects the plasma 

vitamin C values rose to levels above 4.0 mg/l with a mean of 12.1 mg/l (Table 2), however 

with a wide range (4.1 to 21.2 mg/l). In 83 subjects plasma vitamin C levels rose to values 

≥8.8 mg/l. Interestingly, the one with the lowest plasma vitamin C level of 4.1 mg/l after 

supplementation had also the lowest level before supplementation i.e. 0.5 mg/l.  

 

Table 2. Vitamin C, HbA1c and CRP values of the total group and variable categories before 
and after supplementation. 
Variables assessed in 
plasma 
 

# subjects  
before  
suppl. 

Before 
suppl.  
mean (SD) 

After 
suppl.  
mean (SD) 

p-value # subjects in 
various 
categories 
after suppl. 

Vitamin C (mg/l) 
Total sample  
 
Normal (≥4.0 mg/l) 
Depleted  (2.0-3.9 mg/l) 
Deficient (<2.0 mg/l) 
 

 
98 
 
54 
33 
11 

 
5.19 (3.30) 
 
7.34 (2.97) 
2.88 (0.63) 
1.48 (0.34) 

 
12.13 
(3.35) 
 
12.29 
(3.60) 
12.25 
(3.60) 
11.11 
(3.42) 

 
0.000 
 
0.000 
0.000 
0.006 

 
 
 

98 

HbA1c (%)  
Total sample 
 
Normal (≤5.6%)  
Pre-diabetic (5.7-6.4%) 
Diabetes (≥6.5%) 
 

 
98 
 
23 
69   
6 

 
5.96 (0.88) 
   
5.42 (0.19)   
5.89 (0.19)  
8.68 (2.04) 
 

 
5.71 (0.66) 
  
5.32 (0.18)   
5.70 (0.20)   
7.28 (2.07) 
   

 
0.000 
 
0.000 
0.000 
0.080 

 
 
 

52 
44 
  2 

CRP (mg/l) 
Total sample 
 
Low (<1 mg/l) 
Intermediate (1-3 mg/l) 
High (>3 mg/l) 
 

 
98 
 
45 
32 
21 

 
2.16 (2.73) 
 
0.52 (0.21) 
1.69 (0.56) 
6.36 (3.26) 

 
0.94 (1.02) 
 
0.38 (0.18) 
0.89 (0.48) 
2.22 (1.50) 

 
0.000 
 
0.000 
0.000 
0.000 

 
 
 

69 
24 
  5 
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 All subjects had lower HbA1c levels after supplementation than before. In the total 

population, the HbA1c levels dropped significantly from 5.96% to 5.71% (Table 2). 

However, the decrease was less in the subjects that already had normal levels of vitamin C 

before supplementation (0.10%) compared to the decrease in the pre-diabetic group (0.20%) 

and the diabetic group (1.40%) (p=0.000). It is also interesting to note that after 

supplementation 41% of the subjects in the pre-diabetic group changed to the normal group 

and that of the 6 diabetic subjects, 2 remained in the diabetic group whereas 3 changed to the 

pre-diabetic group and 1 to the normal group. 

 CRP levels were also lower in all individuals after supplementation than before. In the 

total group the levels decreased significantly from 2.16 to 0.94 mg/l (Table 2). The decrease 

for the low, intermediate and high CRP groups was 0.14, 0.80 and 4.14 mg/l respectively, 

however no statistical significant differences could be assessed between the three groups 

(p=0.12). Interestingly, 66% of the intermediate CRP group changed to the low group, and of 

the high CRP group, 62% of individuals changed into the intermediate group and 14% to the 

low group. Explorative analysis showed that in smokers the decrease of CRP levels was 

significantly less than in non-smokers (p=0.031). 

 The microbiological results of vitamin C/Ca/Fl supplementation are presented in Table 

3. It can be seen that at baseline almost all subjects were positive for the studied putative 

periodontopathic bacteria,  with exception of A. actinomycetemcomitans which was present in 

almost half of the population. The supplementation had no effect on the occurrence of the 

bacteria, however for all bacteria a significant decrease in their quantity was found after 

supplementation.  

Analysis of serum showed that all subjects were sero-positive for EBV and CMV. 

Subgingival results showed that at baseline CMV was not detected in any of the subjects, 

whereas in 75% of the subjects EBV could be detected. After supplementation the latter 

dropped to 35% of subjects with a significantly lower number of copy counts (Table 3). 
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Table 3. Subgingival prevalence of microorganisms before and after vitamin C 
supplementation; number of positive subjects and mean number of bacterial cells (x103) or 
mean number of viral copy counts per ml (x106) in positive subjects (total number of subjects 
is 98).  
 # positive subjects 

 
Mean value (SD)  

Microorganisms 
 

Before After Before After p-value 

A. actinomycetemcomitans 
 

46 45   1.70 (3.89)   1.25 (4.96) 0.014 
 

P. gingivalis 
 

97 97 24.84 (32.35)   7.77 (9.23) 0.000 

P. intermedia 
 

98 98   0.32 (0.39)   0.13 (0.14) 0.000 

T. forsythia 
 

98 98   1.23 (7.65)   0.14 (0.16) 0.000 

P. micros 
 

98 98   0.75 (0.84)   0.38 (0.37) 0.000 

F. nucleatum 
 

98 98   0.10 (0.32)   0.04 (0.07) 0.000 

T. denticola 
 

98 98   1.66 (2.14)   0.75 (1.10) 0.000 

Epstein-Barr virus (EBV) 
 

73 34 20.69 (57.33) 16.36 (91.16) 0.000 

Cytomegalovirus  (CMV) 
 

0 4 0 0.29 (0.11) 0.612 
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Discussion 

The results of the absorption experiment showed that 60 mg vitamin C supplementation does 

not result for all individuals in normal plasma vitamin C levels, i.e. ≥4.0 mg/l . This 

phenomenon has been previously shown by Levine et al. (1996) in a study in which steady-

state plasma concentrations were determined at seven daily doses of vitamin C from 30 to 

2500 mg. Especially at 60 mg, large variations were found between subjects, ranging from 

2.6-10.3 mg/l. These discrepancies  between subjects can be explained by genetic variations 

in vitamin C transporter protein SVCT1 that can influence plasma vitamin C concentrations 

(Cahill & El-Sohemy 2009, De Jong et al. 2014). In the subgroup of 28 subjects, 6 (20%) 

remained depleted/deficient after supplementation for two days with 60 mg vitamin C. Since 

these subjects are inhabitants of the same village and the whole cohort was only selected on 

the basis of their age in 1987, it may be supposed that this figure of 20% is also applicable to 

the total study population.  

 In the present supplementation experiment a commercially available vitamin C 

supplement (vitamin C/Ca/Fl) was chosen that contained 200 mg Ester C® calcium ascorbate 

but also 100 mg citrus flavonoids. As vitamin C supplement, Ester C® was selected since, due 

to its chemical structure, it has a neutral pH value and compared with ascorbic acid (vitamin 

C) causes significantly fewer epigastric adverse effects in subjects sensitive to acidic foods 

(Gruenwald et al. 2006). The choice for a product that includes citrus flavonoids was 

motivated in order to make the supplement similar to fruit. Citrus flavonoids have anti-

inflammatory properties due to the inhibition of the synthesis and biological activities of 

different pro-inflammatory mediators (Benavente-García & Castillo 2008). In addition, like 

vitamin C, citrus flavonoids are powerful antioxidants against free radicals due to their 

hydrogen-donating ability (Tripoli et al. 2007). The choice for the vitamin C dose of 200 mg 

Ester C® was based on the assumption that with this dose in all subjects optimal plasma 

values ≥8.8 mg/l would be obtained as suggested by Levine et al. (1996) and Gey (1998). 

Nevertheless, this value was not achieved in 15 out of the total 98 subjects although for all 

normal values above 4.0 mg/l were achieved. 

 The supplementation with vitamin C/Ca/Fl had major impact on the HbA1c values, 

especially in the pre-diabetic subjects of which 41% had normal HbA1C values after 

supplementation instead of 71% before . The effect was even greater in the 6 diabetic subjects 

of which only 2 remained, based on HbA1c values, in the diabetic group. This effect on 

HbA1c levels can be contributed to the vitamin C in the supplement as well as to the citrus 

flavonoids which are both present in citrus fruit. It has been shown that an inverse association 
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exists between plasma vitamin C and HbA1c (Sargeant et al. 2000, Kositsawat & Freeman 

2011). Prospective studies showed that higher plasma vitamin C levels and, to a lesser 

degree, fruit and vegetable intake were associated with a substantially decreased risk of 

diabetes (Harding et al. 2008). Recently it was reported that diets rich in flavonoids are 

associated with a lower incidence of type 2 diabetes (Zamora-Ros et al. 2013). This 

phenomenon may be explained by a reduced glucose uptake (Li et al. 2006) and the 

flavonoids capacity of slowing or preventing the oxidation of other molecules (Landete 

2012). Cooper et al. (2012) found also that fruit and vegetables intake was inversely related 

to the risk of diabetes, however when analyzed separately this association was no longer 

present. Vitamin C supplement usage by individuals has been shown to be associated with a 

significantly lower risk of diabetes (Song et al. 2011). Supplementation of diabetics with high 

amounts of vitamin C (500-1000 mg/day) resulted in a decrease of HbA1c values (Vinson & 

Howard 1996, Afkhami-Ardekani & Shojaoddiny-Ardekani 2007, Dakhale et al. 2011). 

Recently it was shown that supplementation of lower doses vitamin C (200 mg/day) 

decreases also HbA1c levels in diabetics (Mahmoudabadi et al. 2011). This latter finding 

corroborates well with the findings of the present study. The most likely explanation for the 

decrease in HbA1c after supplementation with vitamin C is the competition of vitamin C with 

glucose for reaction with protein amino groups (Davie et al. 1992). 

 The CRP levels decreased also markedly after supplementation and the number of 

subjects with low risk for cardiovascular disease, based on CRP levels, increased from 46% 

before to 70% after supplementation.  Like for HbA1c, this can be explained both by the 

vitamin C as well as by the citrus flavonoids in the supplement. Inverse relationships has 

been shown between plasma vitamin C levels and CRP (Ford at al. 2003, Wannamethee et al. 

2006, Mah et al. 2011). An inverse relationship was found also between  fruit intake, dietary 

vitamin C intake and CRP levels (Wannamethee et al. 2006, Floegel et al. 2011). Notably, it  

has been shown that 1000 mg vitamin C supplementation resulted in a significant decrease of 

CRP values (Block et al. 2009). The effect of citrus flavonoids alone on CRP is difficult to 

evaluate due to the confounding presence of vitamin C in most studies. However, Askari et 

al. (2012) found a trend towards lower CRP levels after two months of quercetin 

supplementation (a flavonoid). 

 A recent periodontal study showed that 450 mg vitamin C supplementation without 

concomitant periodontal treatment resulted in subjects with gingivits in a decrease of 

bleeding whereas in periodontitis patients no effect was found (Gokhale et al. 2013). Since 

the present study included an untreated periodontitis population no attempt was made to 
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evaluate possible effects on the periodontal condition and choose for only evaluation the 

subgingival microflora. Surprisingly, we found for all studied bacteria and EBV that the 

number of organisms were significantly lower after supplementation. As far as we know, 

such an effect of vitamin C has never been shown before but supports the view that in 

periodontal treatment evaluation of the vitamin C status may be warranted.   

 A weakness of the present study is that, due to the decision of the Ethic Committee, it is 

an observational study and not a randomized controlled trial. However, since in all subjects 

the HbA1c and CRP levels were lower after supplementation we believe that the chance for a 

false positive results may be negligible. The present results should be considered in the light 

of the relatively poor diet of this population, consisting mainly of three servings of white rice 

per day (Amaliya et al. 2014). 

In conclusion, in populations with poor dietary conditions emphasis should be paid by the 

authorities to improve the fruit intake.   
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Abstract 

Objective: To assess the relative contribution of caries and periodontal disease to tooth loss 

over 24 years in a cohort deprived of regular dental care.  

Material & Methods: The study population consisted of 98 subjects from the Purbasari tea 

estate on West Java, Indonesia, that had been part of  a prospective longitudinal study and 

provided full datasets of clinical assessments from 1987, 1994 and 2002. In addition, in 2011 

a complete set of dental radiographs was obtained which was combined with the survey 

forms and clinical slides of the previous research for the evaluation of tooth loss.  

Results: 37 subjects lost no teeth, whereas 61 subjects lost 185 teeth. In this latter group 

45.9% lost ≤2 teeth,  32.8% lost 3 to 4 teeth and 19.7% lost ≥5 teeth. The majority of teeth 

were primarily lost due to caries. In 5 subjects tooth loss could be attributed solely to 

periodontal disease, whereas in 4 subjects teeth were lost due to both caries and periodontal 

disease. Analyses of the predictor variables age, gender, smoking habits and education level 

showed that only increasing age was significantly related with tooth loss.   

Conclusion: The majority of teeth in this population were lost due to caries. 
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Introduction 
 
Tooth loss is an important aspect of oral health because it impairs esthetics, chewing function 

and as a consequence quality of life (Gerritsen et al. 2010). Cross-sectional epidemiological 

studies identified, in addition to caries and periodontal disease, a number of risk indicators for 

tooth loss e.g. smoking (Mai et al. 2013), education level (Urzua et al. 2012) and socio-

economic status (Wennström et al. 2013). In most cases, teeth are not spontaneously lost but 

extracted by dentists or physicians for reasons of pain, caries, periodontal disease, endodontic 

complications or as part of orthodontic and prosthodontic treatments. In general, caries and 

periodontal disease are regarded as the main reasons for tooth loss although the relative 

contribution of these two diseases varies between studies. In this respect, numerous studies 

have been carried out all over the world. Many studies concluded that caries is the main 

reason for tooth extraction (Chestnutt et al. 2000, Chrysanthakopoulos et al. 2011, Corbet & 

Davies 1991, Hull et al. 1997, Jafarian & Etebarian 2013, Jovino-Silveira et al. 2005, Lee et 

al. 2012, McCaul et al. 2001). However, several other studies showed the opposite, as 

periodontal disease was found to be the main reason for tooth extraction (Akhter et al. 2008, 

Haddad et al. 1999, Murray et al. 1996, Phipps & Stevens 1995, Reich & Hiller 1993). It has 

also been reported that caries and periodontal disease are equally important reasons for tooth 

extraction (Aida et al. 2006, Angelillo et al. 1996, Ong et al. 1996). These diverse results are 

most likely due to e.g. differences in socio-economic status, oral health care delivery systems, 

dental awareness and dentist to population size ratio.  

Due to all the above mentioned variables, it is difficult to study the natural history of 

tooth loss. Therefore, prospective longitudinal studies evaluating tooth loss in populations 

deprived of oral health care are very valuable. In this respect two studies are of interest, i.e. 

the study on the natural history of periodontal disease in humans in Sri Lanka (Löe et al. 

1978) and the study of Baelum et al. (1997) in a population of rural Chinese. In the Sri 

Lankan study, the rate of natural periodontal destruction was evaluated in a population free of 

caries (Neely et al. 2005), whereas in the Chinese population caries was found to be the 

predominant cause of tooth loss. Another prospective study on the natural history of 

periodontal disease has been carried out in Java, Indonesia (Van der Velden et al. 2006). The 

first evaluation was carried out in 1987 with follow-up assessments in 1994 and 2002. In 

2011 a further study on this population was initiated with the aim to investigate alveolar and 

periapical bone loss as visible on radiographs in relation to demographic, lifestyle, dietary, 

and subgingival microbial variables as well as some blood chemistry parameters. The results 
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of the 2011 evaluation concerning alveolar bone loss and related potential predictors have 

been described in a separate paper (Amaliya et al. 2014). The purpose of the present study 

was to investigate 1. the relative contribution of caries and periodontal disease to tooth loss 

over the 24 year period, and 2. to analyze the prevalence of caries and its sequelae on the 

radiographs taken in 2011.   
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Material and Methods 

In 2011, 123 subjects of the original Indonesian study population (Van der Velden et al. 

2006) were retrieved and informed in detail about the objectives of this study. Thereafter they 

were asked if they would be willing to participate. The study was approved by the Ethics 

Committee of the Hasan Sadikin Hospital Bandung-West Java, Indonesia. The subjects who 

volunteered signed an informed consent form. Subsequently, various variables were assessed 

including: age, gender, smoking habits and education level. Non-smokers included 3 former 

smokers who stopped smoking 9 months, 3 and 18 years ago respectively. Details on the 

study protocol and results on periodontal bone loss in relation to environmental and systemic 

conditions have been reported previously (Amaliya et al. 2014). 

In order to determine the cause for tooth loss, first the absence of teeth was assessed on 

a full set of dental radiographs taken for this study in 2011 (Amaliya et al. 2014). Next, the 

survey forms of the research carried out in 1987, 1994 and 2002 were used, in which 

information was available considering all teeth except the third molars. These forms included 

not only the periodontal parameters, but also the presence/absence of teeth as well as an 

annotation for teeth that, from a periodontology point of view, were impossible to evaluate 

due to extreme tooth decay. Also, open caries and root remnants of a particular tooth were 

noted. In addition, clinical photographs (frontal, left and right lateral view as well as occlusal 

view in case of open caries) were used to check and confirm the notes on the survey forms. 

 

Radiographic examination 

A full set of dental radiographs, including vertical bite wings, were obtained of each subject 

using a long cone paralleling technique (Gnatus Timex 70 X-Ray Mobile Column, Brazil). At 

each tooth radiolucencies representing caries and its sequelae were scored in the following 

way: 

1. No caries 

2. Caries into the dentine 

3. Caries into the pulp with no widened periodontal ligament space 

4. Caries into the pulp with widened periodontal ligament space 

5. Caries into the pulp with an evident periapical radiolucency 

6. Root remnant in the bone with no/ widened periodontal ligament space  

7. Root remnant in the bone with an evident periapical radiolucency 

8. Root remnant not in contact with the jaw bone 
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Statistical analysis 

Descriptive statistics and data analyses were performed with statistical software from SPSS 

(version 19.0; IBM SPSS Inc., Chicago, IL, USA). The relationship between the dependent 

variable presence or absence of tooth loss (on a subject level) and the predictor variables age 

(youger/older than median age), gender, smoking habits (smoker/non-smoker) and education 

level (elementary school completed/non-completed, junior high school completed), was first 

determined using the Spearman’s rank correlation test. Variables that showed a correlation 

(p-value <0.10) were included in a binary logistic regression analysis (backward stepwise 

with p≤0.05 to enter and p≥0.10 to leave). For all outcome analyses, p-values <0.05 were 

considered statistically significant. 
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Results 

Of the 123 retrieved inhabitants of the Purbasari tea estate, 98 subjects volunteered to 

participate in the present investigation. The cohort population included 53 woman and 45 

men with a mean age of 45.6 years, ranging from 39 to 50 years. Evaluation of the 

radiographs showed complete absence of dental restorations and a mean number of 1.9 (± 

2.2) lost teeth. Presence of tooth loss and number of lost teeth in relation to gender, smoking 

habits and education level are presented in Table 1. 

 

Table 1. Tooth loss in 2011 in relation to background characteristics 
Variables 
 

Percentage of subjects 
with lost teeth 

Mean (SD) number of 
lost teeth 

All subjects (N=98) 
 

62.4 1.88 (2.19) 

Gender 
   Female (N=53) 
   Male (N=45) 
 

 
54.9 
71.1 

 
1.87 (2.21) 
1.91 (2.19) 

Smoking 
   Non-smokers (N=54) 
   Smokers (N=44) 
 

 
60.4 
64.4 

 
1.96 (2.17) 
1.80 (2.23) 

Education: elementary school 
   Not completed (N=54) 
   Completed (N=44) 

 
64.9 
59.1 

 
2.04 (2.41) 
1.70 (1.90) 

 

Comparisons within each predictor variable showed no significant differences, however 

correlations were found between presence of tooth loss and male gender (p=0.09) and 

increasing age (p=0.02). In the following logistic regression analysis only age proved to be 

significant (p=0.039, 95% C.I. Expβ: 1.005, 1.207).  

 In 2011, 37 subjects had lost no teeth at all, whereas in 61 subjects 185 teeth were lost. 

In this latter group 45.9% of the subjects lost ≤ 2 teeth, whereas 32.8% lost 3 to 4 teeth and 

19.7% lost ≥5 teeth (Table 2). 
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Table 2. Total number of lost teeth by subject (N=98) at the surveys in 1987, 1994, 2002 and 
2011.  
 Year of survey and number of subjects 
Number of lost 
teeth per subject 
 

 
1987 

 
1994 

 
2002 

 
2011 

0 86  77 61 37  
1   7 14 15 21 
2   3   5 11   8 
3   2   1   5   7 
4    1   6 13 
5      4 
6      4 
7      3 

           10      1 
         >10      ─ 
 
Total number of 
lost teeth 

 
19 

 
31 

 
76 

 
185 

 

Retrospectively, in 1987 at baseline, already 19 teeth were lost in 12 subjects. In 1994 this 

increased to 31 teeth lost in 21 subjects and in 2002 to 76 teeth lost in 37 subjects. Critical 

analysis of the data revealed that in the majority of subjects most teeth were lost due to caries 

and its subsequent sequellae (Table 3). In only 5 subjects tooth loss could be attributed solely 

to periodontal disease, whereas in 4 subjects teeth were lost most likely due to both caries and 

periodontal disease. 

 

Table 3. Cause for tooth loss as assessed in 2011 by subject (N=61), teeth and tooth type 

Cause for 
tooth loss 

Number of 
subjects (%) 

Number of teeth 
(%) 

Molars 
(N) 

Premolars 
(N) 

Anteriors 
(N) 

 
Caries  

  
  52 (85.2%) 

  
149 (80.5%) 

 
126 

 
16 

 
7 

 
Periodontitis  

 
  5 (8.2%) 

 
12 (6.5%) 

 
   7 

 
  2 

 
3 

 
Caries and  
periodontitis 

 
  4 (6.6%) 

  
  24 (13.0%) 

 
  15 

 
  5 

 
4 

 

Molar teeth were most frequently lost (80.0%), followed by premolars (12.4%) and anterior 

teeth (7.6%). The predominant influence of caries is also reflected in an increase in number 

of root remnants during the study follow-up. This was in 2011 almost the same amount as the 

number of teeth already lost (Table 4). When root remnants and lost teeth are taken together, 
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20 subjects still had a full dentition in 2011 whereas 78 subjects lost ≥1 functional tooth 

ranging from 1-13 (mean 3.7±3.59). 

 

Table 4. Total number of root remnants by subject (N=98) at the surveys in 1987, 1994, 2002 
and 2011.  
 Year of survey (number of subjects) 
Number of root 
remnants per 
subject 

 
1987 

 
1994 

 
2002 

 
2011 

0 79 65 51 34 
1 14 19 13 23 
2 2 6 12 15 
3 2 5 7 10 
4 1 1 7 4 
5  0 0 4 
6  2 1 3 
7   0 2 
8   1 1 
9   1 2 

           >9    ─ 
 
Total number of 
root remnants 

 
28 

 
62 

 
109 

 
177 

 
 

In Table 5, data of the prevalence of caries and its sequelae are presented per tooth 

type. As is apparent, most of the teeth present were caries free varying between 71.6% for the 

upper right second molar to 100% of almost all lower incisors. With respect to all teeth 

present, crown caries was rare. Only 1.7% showed caries into the dentin and 1.4% into the 

pulp chamber. Root remnants were more frequently encountered since these amounted to 

6.7% of the teeth still present. Evident peri-apical lesions related to teeth with caries into the 

pulp chamber and root remnants, were found in 0.7% and 3.3% of all teeth respectively. No 

or minimal peri-apical lesions amounted to 0.7% and 1.9% respectively.  Root remnants that 

were no longer in contact with the jaw bone amounted to 1.5% of all teeth. Remarkably, 

some root remnants present on the radiographs in 2011 had already been present as root 

remnants at the first clinical examination, 24 years previously, in 1987. 
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Table 4. Total number of teeth in 98 subjects and prevalence of caries and its sequelae of these teeth by tooth type. 
 
Tooth 

type 

# teeth 
present 

No caries 
# teeth (%) 

Caries 
into dentin 
# teeth (%) 

Caries in pulp and   
no/minimal 
peri-apical lesion 
# teeth (%) 

Caries in pulp and 
obvious 
peri-apical lesion 
# teeth (%) 

Root remnant and 
no/minimal 
peri-apical lesion 
# remnants (%) 

Root remnant and 
obvious 
peri-apical lesion 
# remnants (%) 

Root remnant not 
in contact with 
jaw bone 
# remnants (%) 

17 81 58 (71.6) 6 (7.4) 1 (1.2) - 5 (6.2) 9 (6.9) 2 (1.5) 

16 81 62 (76.5) 1 (1.2) 1 (1.2) - 4 (3.1) 9 (6.9) 4 (3.1) 

15 92 84 (91.3) 1 (1.1) - 1 (1.1) 3 (3.3) 2 (2.2) 1 (1.1) 

14 92 81 (88.0) 1 (1.1) - 1 (1.1) 4 (4.3) 4 (4.3) - 

13 961 88 (91.7) 3 (3.1) 2 (2.1) - 1 (1.0) 2 (2.1) - 

12 941 89 (94.7) 3 (3.2) - 1 (1.1) - 1 (1.1) - 

11 93 90 (96.8) 2 (2.2) - - 1 (1.1) - - 

21 96 92 (95.8) 3 (3.1) - - 1 (1.0) - - 

22 96 87 (90.6) 5 (5.2) 1 (1.0) - 1 (1.0) 2 (2.1) - 

23 952 92 (96.8) 2 (2.1) - - - 1 (1.1) - 

24 941 80 (85.1) - 3 (3.2) - 4 (4.3) 7 (7.4) - 

25 93 80 (86.0) - - - 6 (6.5) 4 (4.3) 3 (3.2) 

26 83 61 (73.5) 1 (1.2) - 1 (1.2) 2 (2.4) 15 (18.1) 3 (3.6) 

27 83 66 (79.5) 2 (2.4) 1 (1.2) 2 (2.4) 4 (4.8) 6 (7.2) 3 (3.6) 

37 76 63 (82.9) - 3 (3.9) 2 (2.6) 3 (3.9) 2 (2.6) 3 (3.9) 

36 79 64 (81.0) - 1 (1.3) 4 (5.1) 1 (1.3) 3 (3.9) 6 (7.6) 

35 95 86 (90.5) 1 (1.1) 3 (3.2) 3 (3.2) - - 2 (2.1) 

34 98 91 (92.9) 1 (1.0) - - 2 (2.0) 3 (3.1) 1 (1.0) 

33 98 97 (99.0) - - 1 (1.0) - - - 

32 98 98  (100) - - - - - - 

31 98 98 (100) - - - - - - 
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41 

 
 
971 

 
 
97 (100) 

 
 
- 

 
 
- 

 
 
- 

 
 
- 

 
 
- 

 
 
- 

42 98 97 (99.0) - - - - 1 (1.0) - 

43 98 94 (95.9) 3 (3.1) - - - 1 (1.0) - 

44 97 92 (94.8) 2 (2.1) - 1 (1.0) 2 (2.1) - - 

45 97 88 (90.7) 1 (1.0) 1 (1.0) 1 (1.0) 1 (1.0) 4 (4.1) 1 (1.0) 

46 83 67 (80.7) 2 (2.4) - 1 (1.2) 2 (2.4) 6 (7.2) 5 (6.0) 

47 72 61 (84.7) 2 (2.8) - - 2 (2.8) 3 (4.2) 4 (5.6) 

Total(%) 2553 + 
2 impacted 
4 agenesis 
= 2559 

 
2303 (90.2%) 

 
42 (1.7%) 

 
36 (1.4%) 

 
172 (6.7%) 

1 agenesis of one tooth, 2 impaction of two cuspids.



Chapter 5 

92 

Discussion 

In most studies that have evaluated the cause of tooth loss, dentists were asked to record the 

reason for tooth extraction and to provide this information to the researchers (Angelillo et al. 

1996, Chestnutt et al. 2000, McCaul et al. 2001, Aida et al. 2006). A more reliable method to 

investigate the cause of tooth loss is to collect teeth extracted by dentists with the information 

why the tooth was extracted (Hull et al. 1997). In epidemiological studies in developing 

countries it appears much more difficult to assess with certainty the reason for tooth loss and 

the researcher has to rely on the information provided by the examinee (Baelum & Fejerskov 

1986). The strength of the present study is that on the basis of recorded information over a 24 

years period, it was possible to assess the reason for tooth loss with a high degree of certainty 

for all teeth. The results of the study showed, that in the population under investigation, 

which was deprived from regular dental care, most teeth were lost due to caries and its 

sequellae. Notably, the finding that dental restorations were absent, confirms that this 

population was really deprived of any regular dental care. Nevertheless, the possibility cannot 

be ruled out that some teeth were extracted as emergency treatment for severe toothache 

because at the tea estate a small hospital was present for medical care of the residents living 

in the many villages on the estate. In the early days of the study general physicians and in 

more recent years visiting dentists may have been consulted by residents having severe pain 

with subsequent tooth extraction. According to discussions with medical staff at the hospital 

this was however a rare phenomenon.     

The first examination of the subjects of the present study took place in 1987 when the 

age ranged between 15-25 years. At that time most third molars, if present, were partially 

erupted and therefore not included in the study. Results of the present study, with the 

population now aged 39-50 years, show that no one had become edentulous. The mean 

number of 1.9 actual lost teeth (from total 28) is not particular high. When the number of root 

remnants are summed with the number of missing teeth this results in 3.7 lost functional 

teeth. It is interesting to compare the average number of truly lost teeth (1.9) with other study 

populations also having limited access to dental health care and of approximately the same 

age. For example, a mean of 5 lost teeth (of 32) has been reported in adult Tanzanians with an 

age range of 40-49 years (Baelum & Fejerkov 1986). In a rural Chinese population with the 

same age range, on average, 4 teeth (of 32) were lost (Baelum et al. 1997) and in a remote 

living indigenous population in Guatemala aged 45-54 years, 3.8 teeth (of 32) were lost 

(Dowsett et al. 2001). Higher figures have been found in rural populations of Sri Lanka. In 

the classical study of Löe et al. (1978) 5.8 teeth (of 28) were lost at the 20 years follow-up 
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evaluation (Neely et al. 2005). At that time the age range was 35-50 years. Furthermore, 

Amarasena et al. (2003) reported a mean loss of 4 teeth (of 28) in the age group 35-44 and of 

8.3 teeth in 45-54 year olds. Even higher tooth loss numbers were found in an isolated rural 

population in Brazil (Corraini et al. 2009). In this population the age group 40-49 years had 

lost 13 (of 28) teeth.  

In the above mentioned studies the reason for tooth loss varied considerably between 

caries and periodontal disease. In the Tanzanian study (Baelum & Fejerkov 1986) the primary 

cause of tooth loss was caries. In Sri Lanka the prevalence of caries has been shown to be 

extremely low (Ekanayaka 1984) and even absent in the subjects of the classical study on the 

natural history of periodontal disease (Neely et al. 2005). In the Brazilian study from Corraini 

et al. (2009) it was concluded that both caries and periodontal disease were significant 

explanatory variables for the extensive tooth loss. The results of the present study showed 

that the majority of teeth were lost due to caries despite the fact that it is a population with 

moderate to severe periodontitis (Amaliya et al. 2014). Also, apparent was that it takes many 

years before spontaneous exfoliation occurs of teeth that have been affected by periodontitis. 

Taking into account the present low prevalence of crown caries in this population, it may be 

expected that in the future in this population most likely more teeth will be lost due to 

periodontal breakdown. In other words, apparently first the carious susceptible teeth are lost 

followed by the periodontitis susceptible teeth. In this respect a relatively older population 

may show more teeth lost as a result of periodontitis. 

 It is an intriguing question why the cause of tooth loss is so different between the study 

population on the natural history of periodontal disease in Sri Lanka (Neely et al. 2005) and 

the present Indonesian study population. Both populations are workers on a tea estate in 

mountainous areas approximately 1500m above sea level having little communication with 

the society outside the estate and a comparable diet consisting mainly of rice and vegetables 

with some meat or fish. Both populations drink tea sweetened with sugar. Löe et al. (1978) 

mentioned that the fluoride content of the drinking water at the Sri Lanka tea estate was 0.02-

0.07 ppm. Since in the Indonesian study population tea was the most popular drink, a 

representative cup of tea was brought back to the Netherlands in order to assess the fluoride 

content. Analysis showed that it contained approximately 0.45 ppm of fluoride (Van der 

Velden et al. 1993). Since none of the above mentioned variables readily explain the 

difference in caries prevalence, the question remains what actually caused the discrepancies 

in caries susceptibility of these two populations.  
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In agreement with the observation in other studies on tooth loss in rural populations 

(Baelum et al. 1986, Baelum et al. 1997, Corraini et al. 2009), it was found in the present 

study that molars were the most frequently missing teeth. In addition, the molars showed the 

highest number of root remnants as well. It was interesting to note that for those root 

remnants still in the jaw bone, in approximately half of the cases no or minimal peri-apical 

radiolucencies were found whereas at the other half evident and sometimes very large peri-

apical lesions were present, and probably for many years.  

Worldwide, the prevalence of dental caries among adults is high as the disease affects 

nearly 100% of the population in the majority of countries (Petersen et al. 2005). It has also 

been reported that oral biofilm-associated diseases, and their subsequent diseases and 

conditions, have broad implications on oral health-related quality of life (Beikler & Flemmig 

2011). In the present study population 80% of the subjects had lost on average 3 functional 

teeth, mostly molars, due to caries and its sequellae. In conjunction with the relatively high 

prevalence of periodontitis in this population (Amaliya et al. 2014), it is likely to have had a 

negative effect on the quality of life. If oral disease burdens are to be reduced or preferably 

prevented, significant changes in approaches, concepts and policies are required (Benzian et 

al. 2011). 

In conclusion, results of the present study showed that in this Indonesian population of 

tea workers on Java, deprived of regular dental care, tooth loss over a period of 24 years was 

limited. Although this population suffered from moderate to severe periodontitis,  the 

majority of teeth were lost due to caries and to a minor extent due to periodontal disease. 

Improvement of dental awareness and education in oral hygiene measures in such populations 

might reduce both diseases and could improve quality of life. 
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Periodontitis is a multifactorial disease caused by an imbalance between environmental 

factors such as periodontal pathogens, and the host defense. Host defense mechanisms may 

be influenced by genetic factors, hormones and nutrition. With regard to the latter, especially 

vitamin C has received much attention in the periodontal literatures suggesting that 

insufficient intake of vitamin C could aggravate the progression of periodontal breakdown. 

The study population from the Purbasari tea estate on West Java and has been described in 

detail in the most recent report of this longitudinal study (Van der Velden et al. 2006). In this 

study it was shown that 20% of the population developed severe periodontitis. Unfortunately, 

at the start of the project evaluation of nutritional aspects were not included in the study 

protocol although it is not unlikely that in this rural area the vitamin C intake may be low. 

Therefore, a study was initiated in 2005 to investigate the relationship between vitamin C, as 

assessed by plasma vitamin C levels and dietary habits, and the severity of periodontitis. 

Results revealed that lower plasma vitamin C levels were related to more periodontal 

breakdown (chapter 2). In contrast, the study carried out in 2011 in the same population 

(chapter 3) showed that the plasma vitamin C levels were not related to the severity of 

periodontitis in terms of alveolar bone loss (ABL). Analysis of ABL levels of 2011 and the 

amount of attachment loss of the same subjects in 2002 showed a highly significant 

correlation (chapter 3). Also, a further analysis showed that the plasma vitamin C values as 

assessed in 2002 were significantly related to the bone loss in 2011 (p<0.0001). A major 

difference between the two studies is that in 2002 non-fasting blood samples were taken 

whereas in 2011 fasting blood was obtained.  

Previously published studies that showed an inverse  relationship between plasma 

vitamin C and the amount of periodontal breakdown, were also based in non-fasting blood 

analysis (Väänänen et al. 1993, Amarasena et al. 2005, Panjamurthy et al. 2005, Chapple et 

al. 2007). Therefore it was suggested that non-fasting blood samples reflect in a better way 

the relationship between vitamin C and periodontal disease (chapter 3). However, it may be 

questioned whether under all conditions fasting blood samples result in lower plasma vitamin 

C than those of non-fasting blood. In recent studies, investigating plasma vitamin C on the 

basis of fasting blood, mean plasma vitamin C levels of healthy (control) subjects were found 

of 8.45mg/l (Carr et al. 2013), 9.1mg/l (Suarez & Schramm-Sapyta 2014), 10.4-10.7mg/l 

(Vandevijvere et al. 2013) and 11.3mg/l (Kuzmanova et al. 2012). The latter study from the 

periodontal field included also periodontitis patients with plasma vitamin C values of 

8.5mg/l. This value is still much higher than the 5.2mg/l as found in the Indonesian 

population of 2011, in which also fasting blood was used. Even, in subjects selected on the 
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basis of habitually low intake of fruit and vegetables for a vitamin C supplementation study, a 

plasma vitamin C level of 6.7mg/l was found in fasting blood (Khan et al. 2014). These data 

suggest that the 5.2mg/l of the Indonesian population as found in the fasting blood samples of 

the 2011 study is extremely low. This may imply that the results of the non-fasting blood 

samples of the same subjects in 2005 reflect to some extent their capacity to absorb vitamin 

C. This phenomenon of intra-individual differences in absorbing capacity could be confirmed 

in the capacity of vitamin C absorption experiment described in chapter 4. A possible 

explanation for this phenomenon may be that genetic variations in vitamin C transporter 

protein SVCT1 can influence plasma vitamin C concentrations (Cahill & El-Sohemy 2009, 

De Jong et al. 2014). Other factors that may have contributed to the extreme low plasma 

vitamin C levels in our study population could be related to their low dietary vitamin C intake 

and cooking habits. In the present study population, it is common to cook vegetables until 

they are tender (personal observation of the author). The carrot, cabbage and potato are mixed 

in a soup dishes and boiled for more than half an hour.  This is also applicable to the wok 

procedure of kangkung and cassava leaves. Vitamin C is easily degraded by excessive heat 

and water, and 30 minutes heating time will result in 49.91-64.71% loss of vitamin C in 

vegetables (Igwemmar, 2013). 

The question can be raised what mechanism could be responsible for the observed 

inverse relationship between plasma vitamin C levels and the periodontal condition. In 

periodontitis, a key feature of the disease is the hyperactivity and reactivity of peripheral 

blood neutrophils and it is supposed that  the production of reactive oxygen species (ROS) by 

neutrophils is a significant factor in the local tissue damage (Chapple & Metthews 2007). 

When ROS are excreted by the neutrophil into the extracellular tissue these molecules will be 

reduced by, amongst others, vitamin C. This molecule will be oxidized into dehydroascorbic 

acid which will be transported into the neutrophil by glucose transporters GLUT 1 and GLUT 

2. In the cell it will be reduced to ascorbic acid by glutathione (Padayatty & Levine 2001). It 

has been shown that the vitamin C content of the peripheral blood neutrophils of periodontitis 

patients and matched healthy controls is not different (Kuzmanova et al.2012). However, the 

locally present vitamin C in the extracellular periodontal tissues may be lower since this may 

be dependent on the vitamin C plasma concentration. This phenomenon has for example been 

shown in skeletal muscle tissue. The vitamin C concentration of this tissue appears to be 

highly responsive to changes in plasma vitamin C concentrations (Carr et al. 2013). 

Therefore, the locally lower availability of vitamin C in the extracellular periodontal tissues, 
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due to lower plasma levels of vitamin C, may explain partly the observed inverse relationship 

between periodontal disease and vitamin C.            

In general, basic treatment of periodontitis consists of oral hygiene instructions in 

conjunction with supra- and subgingival scaling and rootplaning. Both the removal of 

supragingival and subgingival deposits/biofilms are essential for improving the periodontal 

condition (Sbordone et al. 1990, Kaldahl et al. 1996). However, the vitamin C/citrus 

flavonoid supplementation study (chapter 4) did not include any periodontal treatment. 

Supplementation  of vitamin C/citrus flavonoids only in further untreated periodontitis 

patients would likely to have very little effect on the periodontal condition. Possibly, gingival 

bleeding may decrease (Leggott et al. 1986, Jacob et al. 1987, Staudte et al. 2005) but it does 

not result in a reduction of the periodontal lesion (Leggott et al. 1991, Staudte et al. 2005) or 

tooth mobility (O’Leary et al. 1969). Also, since the Ethics Committee did not grant a 

placebo controlled clinical trial, it implicated that a control group would not be available. 

Hence, the chances for assessing a possible effect of vitamin C/flavonoids supplementation 

on the clinical periodontal condition were considered negligible. Consequently, periodontal 

measures for the evaluation of the clinical periodontal condition were not included in the 

supplementation study protocol. However, results showed that at baseline almost 50% of this 

population had fasting plasma vitamin C levels <4.0 mg/l. However, supplementation 

resulted in plasma vitamin C levels >4.0 of all subjects and in major improvement of the 

HbA1c and CRP levels as well as a substantial decrease in subgingival quantity of all studied 

micro-organisms. Hence, we may have been too pessimistic with the assumption that 

improvement of the clinical periodontal condition due to supplementation of vitamin C/citrus 

flavonoids would be negligible. Therefore, it is suggested that future studies should include 

evaluation of the clinical periodontal condition as well. 
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Numerous studies have shown an association between periodontal disease and a number of 

putative periodontal pathogenic bacteria. However, the host response, which may be of  

decisive importance for the disease, is influenced by genetic predisposition, systemic and 

environmental conditions as well as life style factors. In this respect an increasing number of 

studies have shown an association between periodontal disease and several predisposing 

factors such as smoking, diet and diabetes mellitus type 2. In 1987 a longitudinal prospective 

study was initiated to investigate the natural history of periodontal disease in an Indonesian 

rural population deprived from regular dental care (Van der Velden et al. 2006). Fifteen years 

later, in 2002, the participating subjects were examined for the third time. For that 

examination 128 subjects could be retrieved of the original group of 255 subjects. Clinical 

measurements included evaluation of plaque, bleeding on probing, pocket depth and 

attachment loss. The results showed that 20% of the population developed severe 

periodontitis. Unfortunately a number of the above mentioned predisposing factors were not 

included in this study. Therefore, additional studies of this population were initiated to further 

elaborate on possible factors that might have contributed to the variation in the severity of the 

disease.  

In CHAPTER 2 research is described that studied  the relationship between plasma 

vitamin C levels and the severity of periodontitis in the above mentioned study population. In 

2005, 123 out of 128 subjects could be retrieved who were present in the examination of 

2002.  In these 123 subjects plasma vitamin C levels were assessed from non-fasting venous 

blood samples. Information about the subject’s dietary habits during the last month was 

obtained by means of a personal interview guided by a questionnaire. Results showed that 

plasma vitamin C levels ranged from 0.02 to 34.45 mg/l with a mean of 7.90 mg/l. Analysis 

showed a statistical significant inverse relationship between plasma vitamin C levels and 

periodontal attachment loss, as assessed in 2002. Subjects with vitamin C deficiency (14.7% 

of the study population) had more attachment loss compared to those with depletion or 

normal plasma vitamin C values. The negative association between plasma vitamin C levels 

and periodontal attachment loss suggested that vitamin C deficiency may contribute to the 

severity of periodontal breakdown. 

As discussed above it may be suggested that, in addition to vitamin C, the amount of 

periodontal destruction in this population may has been influenced by other environmental 

factors and systemic conditions. This was investigated in a study conducted in 2011 

(CHAPTER 3), in 98 of the 123 subjects who had participated in the 2005 survey. A full set 

of dental radiographs was obtained of each subject and amount of alveolar bone loss was 
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assessed. In addition, the following parameters were evaluated: plasma vitamin C, vitamin D, 

HbA1c and CRP, the haptoglobin phenotype, the presence of putative periodontopathic 

bacteria and viruses, dietary habits, smoking and anthropometrics. Results showed that in this 

population 45% showed vitamin C depletion/deficiency, 82% had vitamin D 

insufficiency/deficiency, 70% were in a pre-diabetic state, 6% had untreated diabetes, 21% 

had relatively high CRP values ranging from 3.1-16.1mg/l. Analysis showed no relationship 

between amount of alveolar bone loss and the plasma levels of vitamin C, vitamin D, HbA1c 

as well as haptoglobin phenotype. However, the BMI, numbers of subgingival P. gingivalis 

cells, plasma CRP values and number of guava fruit servings were significant predictors, 

explaining 19.8% of the variance of alveolar bone loss. P. gingivalis and CRP showed a 

positive relationship with the amount of bone loss whereas BMI and guava fruit were 

negatively related. Post hoc analysis regarding the relationship between BMI and bone loss 

showed that the lower decile of this population, having a BMI ≤ 19, had significantly more 

bone loss than the remaining part of the population. In contrast to the results of described in 

chapter 2 in this study no relationship was found between plasma vitamin C values and 

periodontal breakdown. This discrepancy is most likely due to the fact that in this study 

fasting blood samples were taken whereas the results in chapter 2 were obtained from non-

fasting blood samples. In conclusion, results of this study suggest that elevated levels of P. 

gingivalis may be indicative for the risk of periodontitis progression whereas increased 

consumption of guava fruit, containing relatively high amounts of vitamin C, may play a 

protective role in periodontitis of a malnourished population. 

 Since the results of the previous studies showed that a substantial part of this population 

has a shortage of vitamin C, a vitamin C supplementation study was initiated in the same 98 

subjects of the previous study (CHAPTER 4). For vitamin C supplementation, a 

commercially available vitamin C supplement was chosen that contained per tablet not only 

200 mg vitamin C but also 100 mg citrus flavonoids. The choice for a product that includes 

citrus flavonoids was based on the idea to get a supplement similar to fruit. Subjects were 

instructed to consume one tablet a day for 90 days. The effect of supplementation was studied 

on the following parameters: plasma levels of vitamin C, HbA1c, CRP and the subgingival 

load of putative periodontopathic bacteria and viruses in periodontal pockets. The mean 

plasma vitamin C value at baseline was 5.19 mg/l and included 44 subjects (45%) who 

showed plasma vitamin C values <4.0 mg/l. After supplementation, in all individual subjects 

the plasma vitamin C values rose to levels above 4.0 mg/l with a mean of 12.1 mg/l, ranging 

from 4.1 to 21.2 mg/l. After supplementation all subjects had lower HbA1c levels than 
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before, interestingly 41% of the subjects in the pre-diabetic group changed to the normal 

group. CRP levels were also lower in all individuals after supplementation than before, 

decreasing from 2.16 to 0.94 mg/l. For all studied bacteria i.e. A. actinomycetemcomitans, P. 

gingivalis, P. intermedia, T. forsythia, P. micra, F. nucleatum and T. denticola,  and Epstein 

Barr virus a significant decrease in their quantity was found after supplementation. In 

conclusion, in this population with poor dietary conditions supplementation of vitamin C in 

combination citrus flavonoids resulted in a substantial improvement of the systemic 

condition. 

 As mentioned before, the 98 subjects of the above described studies also participated in 

a prospective longitudinal study on the natural history of periodontal disease that started in 

1987. Therefore it was possible to study in these 98 subjects the relative contribution of caries 

and periodontal disease to tooth loss over a 24 year period (CHAPTER 5). For this purpose 

the full set of dental radiographs as obtained in 2011 was used in combination with the survey 

forms and clinical slides of the research carried out in 1987, 1994 and 2002. Results showed 

that 37 subjects lost no teeth whereas 61 subjects lost in total 185 teeth. In this latter group 

45.9% lost 1 or 2 teeth,  32.8% lost 3 or 4 teeth and 19.7% lost ≥5 teeth.  In the majority of 

subjects most teeth  were lost due to caries. In 5 subjects tooth loss could be attributed to 

periodontal disease, whereas in 4 subjects teeth were lost due to both caries and periodontal 

disease. Analyses of the predictor variables age, gender, smoking habits and education level 

showed that only age and gender correlated with tooth loss. In the logistic regression analysis 

only age remained significant. It was concluded that in this population the majority of teeth 

were lost due to caries and to a minor extent due to periodontal disease. 

 

Conclusions: 

On the basis of the data obtained from a population deprived from regular dental care it may 

be concluded that:   

1. Inadequate vitamin C supply contributes to a poor periodontal condition.  

2. Large inter-individual differences exist regarding the capacity of vitamin C absorption. 

3. Supplementation of 200 mg vitamin C daily is enough to achieve plasma vitamin C 

levels > 4.0 mg/l, also in subjects with a poor capacity of vitamin C absorption. 

4. Daily supplementation of 200 mg vitamin C in combination with 100 mg citrus 

flavonoids is able to reduce HbA1c and CRP levels in all subjects of this 

periodontally diseased population. 
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5. In populations with poor dietary conditions emphasis should be paid by the authorities 

to improve fruit intake. 

6. In most subjects with severe periodontal breakdown it still takes many years before 

teeth are exfoliated spontaneously. Moreover, it may take more than 24 years before a 

root remnant is exfoliated. 

7. In terms of tooth loss, caries is a bigger problem in this remote population than 

periodontitis  

8. In populations with poor dental conditions the authorities should pay more attention to 

prevention of dental and periodontal diseases by means of education and preventive 

measures.  
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In vele studies is een verband aangetoond tussen parodontale aandoeningen en een aantal 

mogelijk paropathogene bacteriën. Echter de afweer van de gastheer die mogelijk van 

doorslaggevend belang kan zijn voor de ziekte, wordt beïnvloed door de genetische aanleg, 

systemische- en milieuomstandigheden en levensstijl factoren. In dit kader hebben een 

toenemend aantal studies een verband aangetoond tussen parodontitis en verschillende 

predisponerende factoren zoals roken, dieet en diabetes mellitus type 2. In 1987 werd een 

longitudinaal prospectief onderzoek gestart naar de natuurlijke geschiedenis van parodontitis 

in een Indonesische landelijke bevolking verstoken van reguliere tandheelkundige zorg (Van 

der Velden et al. 2006). Vijftien jaar later, in 2002, werden de deelnemende proefpersonen 

voor de derde keer onderzocht. Voor dat onderzoek konden 128 personen worden 

teruggevonden van de oorspronkelijke groep van 255 proefpersonen. De klinische metingen 

omvatten de evaluatie van plaque, bloeden na sonderen, pocketdiepte en aanhechtingsverlies. 

Uit de resultaten bleek dat 20% van de populatie ernstige parodontitis had ontwikkeld. 

Jammer genoeg werden een aantal van de hierboven genoemde predisponerende factoren niet 

meegenomen in dit onderzoek. Vandaar dat aanvullend onderzoek werd uitgevoerd naar 

mogelijke andere factoren die zouden  hebben kunnen bijgedragen aan de variatie in de ernst 

van de aandoening.  

 In hoofdstuk 2 wordt onderzoek beschreven naar de relatie tussen plasma vitamine C 

waarden en de ernst van parodontitis in de bovengenoemde studiepopulatie. In 2005 konden 

123 van de 128 proefpersonen, die aan het onderzoek in 2002 hadden deelgenomen, worden 

teruggevonden. Bij deze 123 personen werden plasma vitamine C niveaus bepaald uit de niet-

nuchtere veneuze bloedmonsters. Doormiddel van een persoonlijk gesprek, op basis van een 

vragenlijst, werd informatie verkregen over het voedingspatroon gedurende de voorgaande 

maand. De resultaten lieten zien dat de plasma vitamine C waarden varieerden tussen 0,02 en 

34,45 mg/l met een gemiddelde van 7,90 mg/l. Analyse toonde een statistisch significante 

omgekeerde relatie aan tussen de plasma vitamine C niveaus en de mate van parodontaal 

aanhechtingsverlies, zoals gemeten in 2002. Proefpersonen met vitamine C deficiëntie 

(14,7% van de onderzoekspopulatie) hadden meer aanhechtingsverlies in vergelijking tot 

personen met een vitamine C te kort of met normale plasma vitamine C waarden. De 

omgekeerde associatie tussen plasma vitamine C niveaus en de mate van parodontaal 

aanhechtingsverlies suggereert dat vitamine C deficiëntie kan bijdragen aan de ernst van 

parodontale afbraak. 
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Zoals hierboven besproken, mag worden verondersteld dat in deze onderzoekspopulatie 

naast vitamine C, andere omgevingsfactoren en systemische aandoeningen de mate van 

kunnen beïnvloeden. Dit werd onderzocht in een studie uitgevoerd in 2011 (hoofdstuk 3) bij 

98 van de 123 personen die deelgenomen hadden aan het onderzoek in 2005. Bij alle 

personen werd een volledige tandheelkundige röntgenstatus gemaakt waarop de mate van 

alveolair botverlies werd bepaald. Daarnaast werden de volgende parameters geëvalueerd: 

plasma vitamine C, vitamine D, HbA1c en CRP, het haptoglobine fenotype, de aanwezigheid 

van mogelijk paropathogene bacteriën en virussen, het dieet, rook gewoonten en 

antropometrische aspecten. Uit de resultaten bleek dat in deze populatie bij 45% vitamine C 

te kort/deficiëntie aanwezig was, 82% vitamine D te kort/deficiëntie had, 70% in een pre-

diabetische staat verkeerde en 21% relatief hoge CRP waarden hadden tussen de 3,1 en 

16,1mg/l. Uit de analyse bleek dat er geen relatie was tussen de hoeveelheid alveolair 

botverlies en de plasmaspiegels van vitamine C, vitamine D, HbA1c alsmede het 

haptoglobine fenotype. Echter, de BMI, aantallen P. gingivalis cellen, plasma CRP waarden 

en mate van guave fruit consumptie bleken significante predictoren te zijn die 19,8% van de 

variantie in botafbraak konden verklaren. Post hoc analyse van de relatie tussen de BMI en de 

botafbraak liet zien dat dat de 10% mensen met de laagste BMI significant meer botafbraak 

hadden dan de overige mensen van de populatie. In tegenstelling tot de resultaten in 

hoofdstuk 2 werd in deze studie geen relatie gevonden tussen plasma vitamine C waarden en 

de mate van botafbraak. Dit is waarschijnlijk te wijten aan het feit dat in deze studie nuchtere 

bloedmonsters werden genomen terwijl de resultaten in hoofdstuk 2 werden verkregen uit 

niet-nuchtere bloedmonsters. Concluderend kon worden gesuggereerd dat verhoogde niveaus 

van P. gingivalis cellen indicatief kunnen zijn voor het risico op de progressie van de 

parodontitis terwijl verhoogde consumptie van guave fruit, dat relatief veel vitamine C bevat, 

een beschermende rol zou kunnen spelen bij parodontitis in een populatie met slechte 

voedingsomstandigheden. 

Aangezien uit de resultaten van de vorige studies was gebleken dat een aanzienlijk 

deel van deze bevolking een tekort aan vitamine C vertoonde, werd een vitamine C suppletie 

studie uitgevoerd (Hoofdstuk 4) bij  dezelfde 98 personen die hadden deelgenomen aan het 

vorige onderzoek. Voor vitamine C suppletie, werd een commercieel verkrijgbaar vitamine C 

supplement gekozen dat per tablet niet alleen 200 mg vitamine C maar ook 100 mg 

citrusvrucht flavonoïden bevatte. De keuze voor een supplement dat ook citrusvrucht 

flavonoïden bevatte was gebaseerd op de gedachte om het supplement vergelijkbaar met fruit 

te maken. De proefpersonen werden geïnstrueerd om één tablet te per dag te gebruiken 
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gedurende 90 dagen. Het effect van suppletie werd bestudeerd op de volgende parameters: 

plasma niveaus van vitamine C, HbA1c, CRP en de subgingivale de aanwezigheid van 

mogelijk paropathogene bacteriën en virussen in de parodontale pockets. De gemiddelde 

plasma vitamine C-waarde bij aanvang was 5,19 mg/l, waarbij 44 patiënten (45%) plasma 

vitamine C waarden hadden <4,0 mg/l. Na suppletie was bij alle proefpersonen het plasma 

vitamine C gestegen tot waarden <4,0 mg/l met een gemiddelde van 12,1 mg/l, variërend 

tussen de 4,1 tot 21,2 ml/l. Na suppletie hadden alle proefpersonen lagere HbA1c waarden 

dan er voor. Interessant was dat 41% van de personen die voor suppletie pre-diabetische 

waarden hadden, na suppletie normale HbA1c waarden hadden. Ook de CRP waarden 

daalden bij alle proefpersonen, gemiddeld genomen van 2,16 naar 0,94 mg/l. De suppletie 

resulteerde bij alle onderzochte bacteriën  (A. actinomycetemcomitans, P. gingivalis, P. 

intermedia, T. forsythia, P. micra, F. nucleatum en T. denticola) en het Epstein Barr virus in 

een daling van de aantallen. Geconcludeerd kon worden dat suppletie met een combinatie van 

vitamine C en citrusvrucht flavonoïden bij deze slecht gevoede populatie resulteerde in een 

aanzienlijke verbetering van de systemische conditie. 

 Zoals eerder vermeld, participeerden de bovengenoemde 98 proefpersonen sinds 1987 

in een prospectief longitudinaal onderzoek naar de natuurlijke geschiedenis van parodontitis. 

Ten gevolge daarvan was het mogelijk om bij deze 98 personen de relatieve bijdrage van 

cariës en parodontitis aan tandverlies over een periode van 24 jaar te onderzoeken. 

(CHAPTER 5). Hiervoor werden de röntgenfoto’s die in 2011 gemaakt waren gebruikt in 

combinatie met de onderzoekformulieren en klinische foto’s uit 1987, 1994 en 2002. Uit de 

resultaten bleek dat 37 personen geen enkel gebitselement hadden verloren terwijl bij 61 

personen in totaal 185 gebitselementen verloren waren gegaan. In deze laatste groep verloor 

45,9% 1 of 2 elementen, 32,8% 3 of 4 elementen en 19,7% ≥ 5 elementen. Bij de overgrote 

meerderheid van de personen gingen de meeste gebitselementen verloren vanwege cariës.  

Bij 5 personen kon het verlies van de elementen worden toegeschreven aan parodontitis, 

terwijl bij 4 personen de elementen verloren waren gegaan ten gevolge van zowel cariës als 

parodontitis. Analyse van de voorspellende variabelen leeftijd, geslacht, rook gewoonten en 

opleidingsniveau liet zien dat alleen leeftijd en geslacht gecorreleerd waren met het verlies 

van gebitselementen. In de logische regressie analyse bleef alleen de factor leeftijd 

significant. Concluderend kon gesteld worden dat in deze populatie de meeste 

gebitselementen verloren zijn gegaan ten gevolge van cariës en in mindere mate door 

parodontitis.
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Conclusies: 

Op basis van de gegevens die verkregen zijn bij een populatie die geen reguliere 

tandheelkundige zorg krijgt kan worden geconcludeerd dat: 

1. Onvoldoende vitamine C in de voeding bijdraagt aan een slechte parodontale conditie. 

2. Er bestaan grote individuele verschillen in de mate waarin mensen instaat zijn om 

vitamine C te absorberen 

3. Dagelijkse suppletie van 200 mg vitamine C is genoeg om plasma vitamine C waarden 

>4.0 mg/l te verkrijgen. Dit geldt ook voor personen met gereduceerd vermogen om 

vitamine C te absorberen 

4. Dagelijkse suppletie van 200 mg vitamine C in combinatie met 100 mg citrusvrucht 

flavonoïden blijkt in een populatie met een slechte parodontale conditie bij alle 

personen zowel de HbA1c als CRP plasma waarden te kunnen verlagen. 

5. Bij een populatie met slechte voeding moet de overheid de consumptie van fruit 

stimuleren.  

6. Bij de meeste mensen met ernstige parodontale afbraak zal het nog steeds vele jaren 

duren voordat de gebitselementen spontaan exfoliëren. 

7. Bij deze bevolking in een afgelegen gebied is met betrekking tot tandverlies, caries 

een groter probleem dan parodontitis. 

8. Bij populaties met een slechte tandheelkundige conditie moet de overheid meer 

aandacht     besteden aan preventie van tandheelkundige en parodontale aandoeningen 

door middel van voorlichting en preventieve maatregelen. 
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Beberapa penelitian menunjukkan adanya hubungan antara penyakit periodontal dan 

sejumlah bakteri periopatogen. Walaupun demikian, respon inang, yang merupakan faktor 

penting yang menentukan terjadinya penyakit, dipengaruhi oleh faktor genetik, kondisi 

sistemik dan lingkungan seperti halnya gaya hidup. Dalam hal ini, semakin banyak penelitian 

yang memperlihatkan keterkaitan antara penyakit periodontal dan faktor predisposisi seperti 

merokok, diet dan diabetes mellitus tipe 2. Suatu penelitian prospektif longitudinal dimulai 

pada tahun 1987 untuk meneliti penjalaran alamiah penyakit periodontal pada suatu populasi 

di desa terpencil di Indonesia yang tidak mendapatkan perawatan gigi secara rutin (van der 

Velden et al. 2006). Lima belas tahun kemudian, pada tahun 2002, subjek penelitian diperiksa 

kembali untuk yang ke-3 kalinya. Hasil pemeriksaan mendapatkan 128 subjek dapat 

memenuhi undangan untuk diperiksa kembali dari jumlah awal 255 subjek.  Pemeriksaan 

klinis meliputi pemeriksaan plak, perdarahan pada saat probing, kedalaman poket dan 

kehilangan perlekatan. Hasil penelitian menunjukkan bahwa 20% dari populasi menderita 

periodontitis lanjut. Sayangnya, beberapa faktor predisposisi seperti yang telah disebutkan di 

atas tidak diperiksa dalam penelitian tersebut. Oleh karena itu, penelitian tambahan dilakukan 

untuk mempelajari lebih lanjut faktor-faktor yang mungkin berperan dalam keparahan 

penyakit periodontal. 

 Bab 2 berisi pemaparan penelitian mengenai hubungan antara kadar vitamin C plasma 

dan keparahan periodontitis pada populasi penelitian yang telah dijelaskan di atas. Tahun 

2005, 123 subjek dari total 128 subjek yang hadir pada tahun 2002, dapat diperiksa kembali. 

Subjek diperiksa kadar vitamin C plasma dari sampel darah sewaktu (tanpa berpuasa 

sebelumnya). Informasi mengenai kebiasaan diet selama 1 bulan sebelumnya, didapat dari 

wawancara perseorangan dibantu dengan kuesioner. Hasil penelitian memperlihatkan kadar 

vitamin C dalam plasma berkisar antara 0,02 – 34,45 mg/l dengan rata-rata sebesar 7,9 mg/l. 

Analisis statistik menunjukkan adanya hubungan terbalik yang signifikan antara kadar 

vitamin C plasma dan kehilangan perlekatan periodontal yang dinilai pada tahun 2002. 

Subjek yang mengalami defisiensi vitamin C (14,7% dari populasi penelitian) memiliki 

kehilangan perlekatan yang lebih banyak dibandingkan mereka yang hanya mengalami 

deplesi atau memiliki kadar vitamin C yang normal. Hubungan terbalik antara kadar vitamin 

C plasma dan kehilangan perlekatan periodontal ini memperlihatkan bahwa semakin rendah 

kadar vitamin C subjek, semakin besar kehilangan perlekatan periodontalnya. Hal ini 

menunjukkan bahwa defisiensi vitamin C dapat berkontribusi terhadap keparahan penyakit 

periodontal. 
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Hasil yang telah didiskusikan di atas, seperti yang diperkirakan, bahwa selain vitamin C, 

jumlah kerusakan jaringan periodontal pada populasi ini dapat dipengaruhi oleh faktor 

lingkungan dan kondisi sistemik. Hal ini diteliti pada tahun 2011 (Bab 3), dengan 98 subjek 

dari total 123 subjek yang didapat pada tahun 2005. Pemeriksaan radiografis pada semua 

regio gigi (fullmouth radiograf) dilakukan pada setiap subjek dan dinilai banyaknya 

kerusakan tulang alveolar. Selain itu, beberapa parameter juga diukur, yaitu : kadar vitamin C 

plasma, vitamin D, HbA1c, CRP, fenotip haptoglobin, bakteri periopatogen dan virus, pola 

diet, merokok dan anthropometrik. Hasil penelitian menunjukkan bahwa 45% subjek 

menderita defisiensi/deplesi vitamin C, 82% menderita defisiensi vitamin D, 70% berada 

pada status pre-diabetes, 6% menderita diabetes yang tidak diobati, dan 21% memiliki kadar 

CRP tinggi berkisar antara 3,1 hingga 16,1 mg/l. Analisis memperlihatkan tidak ada 

hubungan antara jumlah kehilangan tulang alveolar dan kadar vitamin C plasma, vitamin D, 

HbA1c, CRP dan fenotip haptoglobin. Akan tetapi, BMI, jumlah sel bakteri P. gingivalis 

pada daerah subgingiva, kadar CRP dalam plasma dan banyaknya asupan buah jambu batu 

merupakan prediktor yang bermakna, yang menjelaskan 19,8% varians dari kehilangan tulang 

alveolar. P. gingivalis dan CRP memperlihatkan hubungan positif dengan jumlah kehilangan 

tulang, sedangkan BMI dan jambu batu memperlihatkan hubungan  negatif. Analisis post hoc 

hubungan antara BMI dan kehilangan tulang menunjukkan bahwa decile yang lebih rendah 

dari populasi ini, yang memiliki BMI ≤ 19, mengalami kehilangan tulang yang lebih banyak 

dibandingkan subjek lainnya. Berlawanan dengan hasil pada bab 2, pada penelitian ini tidak 

terlihat adanya hubungan antara kadar vitamin C dalam plasma dan kerusakan periodontal. 

Perbedaan ini kemungkinan besar karena pada penelitian ini sampel darah yang diperiksa 

adalah sampel darah saat puasa (fasting blood samples), sedangkan hasil pada bab 2 didapat 

dari pemeriksaan sampel darah tidak puasa (non-fasting blood samples).  Simpulannya, hasil 

dari penelitian ini menunjukkan bahwa kenaikan jumlah bakteri P. gingivalis dapat 

merupakan indikasi meningkatnya risiko keparahan penyakit periodontitis sedangkan 

meningkatnya konsumsi buah jambu batu, yang mengandung banyak vitamin C, dapat 

berperan dalam pencegahan periodontitis pada populasi dengan nutrisi yang buruk.  

Berdasarkan hasil penelitian sebelumnya pada tahun 2005 yang menunjukkan bahwa 

populasi ini menderita defisiensi vitamin C, maka penelitian suplementasi vitamin C dimulai 

pada 98 subjek yang telah berpartisipasi pada penelitian sebelumnya (Bab 4). Untuk 

suplementasi vitamin C, dipilih suatu sediaan vitamin C yang telah beredar di pasaran di 

Indonesia, yang mengandung 200 mg vitamin C dan 100 mg citrus flavonoids. Pemilihan 

produk yang mengandung citrus flavonoids didasarkan pada pemikiran untuk mendapatkan 
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suplemen yang serupa dengan buah. Subjek diinstruksikan untuk meminum 1 tablet sehari 

untuk jangka waktu 90 hari. Efek suplementasi kemudian diukur dengan parameter-parameter 

sebagai berikut : kadar vitamin C plasma, HbA1c, CRP, dan jumlah bakteri periopatogen dan 

virus dari poket periodontal. Rata-rata kadar vitamin C dalam plasma sebelum penelitian 

adalah 5,19 mg/l dan meliputi 44 subjek (45%) yang memiliki kadar vitamin C <4,0 mg/l. 

Setelah suplementasi, kadar vitamin C plasma meningkat pada semua subjek penelitian 

menjadi di atas 4,0 mg/l dengan rata-rata 12,1 mg/l, berkisar antara 4,1 hingga 21,2 mg/l. 

Setelah suplementasi, semua subjek memiliki kadar HbA1c lebih rendah dibanding sebelum 

suplementasi; yang menarik adalah 41% dari subjek yang berada pada tahap pre-diabetes 

berubah menjadi normal. Kadar CRP juga menurun pada seluruh subjek penelitian 

dibandingkan sebelum suplementasi, awalnya 2,16 menjadi 0,94 mg/l. Untuk semua bakteri 

periopatogen yang diteliti, yaitu A. actinomycemcomitans, P. gingivalis, P. intermedia, T. 

forsythia, P. micra, F. nucleatum dan T. denticola, dan Epstein-Barr virus, terbukti 

mengalami penurunan yang signifikan dalam jumlah sel bakteri dan virus tersebut setelah 

suplementasi.  Sebagai simpulan, pada populasi penelitian ini dengan kondisi diet yang 

buruk, suplementasi vitamin C dikombinasikan dengan citrus flavonoids menghasilkan 

perbaikan yang substansial dari kondisi sistemik.  

 Seperti yang telah disebutkan sebelumnya, 98 subjek berpartisipasi pada penelitian 

longitudinal prospektif mengenai perjalanan penyakit periodontal secara alamiah yang 

dimulai sejak tahun 1987. Kondisi ini memungkinkan peneliti untuk mempelajari kontribusi 

relatif karies dan penyakit periodontal terhadap kehilangan gigi selama kurun waktu 24 tahun 

(Bab 5). Untuk itu, dibuat seperangkat radiograf gigi lengkap (fullmouth radiograf) yang 

diambil dari setiap subjek penelitian pada tahun 2011 digabungkan dengan hasil survey dan 

slide/foto-foto klinis yang didapat dari tahun 1987, 1994 dan 2002. Hasil analisis 

menunjukkan bahwa 37 subjek tidak mengalami kehilangan gigi, sedangkan pada 61 subjek, 

total jumlah gigi yang hilang selama kurun waktu 24 tahun adalah 185 gigi. Pada kelompok 

subjek yang mengalami kehilangan gigi, 45,9% kehilangan 1 atau 2 gigi, 32,8% kehilangan 3 

atau 4 gigi, dan 19,7% kehilangan ≥ 5 gigi. Sebagian besar subjek mengalami kehilangan gigi 

akibat karies. Pada 5 subjek, kehilangan gigi terjadi akibat penyakit periodontal, sementara 

pada 4 subjek, kehilangan gigi terjadi akibat penyakit periodontal dan karies. Analisis 

variabel prediktor umur, jenis kelamin, kebiasaan merokok dan tingkat pendidikan 

menunjukkan bahwa hanya umur dan jenis kelamin yang berkorelasi dengan kehilangan gigi. 

Hasil analisis regresi logistik hanya faktor umur yang tetap signifikan. Disimpulkan bahwa
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 pada populasi ini, sebagian besar gigi hilang atau tanggal akibat karies dan sebagian kecilnya 

akibat penyakit periodontal.  

 

Simpulan 

Berdasarkan data yang diperoleh dari populasi di daerah terpencil yang tidak pernah 

mendapatkan perawatan gigi secara rutin, dapat disimpulkan : 

1. Kekurangan vitamin C berkontribusi terhadap buruknya kondisi jaringan periodontal. 

2. Terdapat perbedaan antar individual yang besar dalam hal kapasitas absorpsi vitamin C.   

3. Dosis suplementasi sebesar 200 mg vitamin C per hari cukup untuk mencapai kadar 

vitamin C dalam plasma >4,0 mg/l, juga pada subjek dengan kapasitas yang rendah 

dalam mengabsorpsi vitamin C.  

4. Suplementasi 200 mg vitamin C dan 100 mg citrus flavonoid setiap hari mampu 

menurunkan kadar HbA1c dan tingkat CRP pada semua subjek yang menderita 

penyakit periodontal. 

5. Pihak yang berwenang sebaiknya memberikan perhatian dan penyuluhan agar asupan 

buah-buahan bisa ditingkatkan pada populasi dengan pola diet yang buruk. 

6. Sebagian besar subjek dengan kerusakan periodontal yang parah memerlukan waktu 

beberapa tahun sebelum gigi bisa tanggal dengan sendirinya. Bahkan, diperlukan 

waktu lebih dari 24 tahun sebelum sisa akar dapat tanggal dengan sendirinya. 

7. Kehilangan gigi akibat karies merupakan masalah yang lebih besar daripada 

periodontitis pada populasi di daerah terpencil ini. 

8. Pihak yang berwenang sebaiknya lebih memberikan perhatian untuk mencegah 

penyakit gigi dan periodontal dengan cara memberikan pendidikan dan upaya 

pencegahan pada populasi dengan kondisi kesehatan gigi yang buruk ini. 
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