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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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