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Abstract 
The theoretical link between foods choice and masticatory efficiency has long 

been established. Recent evidence has confirmed this association, demonstrat- 
ing a progressive alteration in food choice with decreasing numbers of teeth, with 
the greatest effect being among those who are edentulous. This altered food 
selection results in significant differences in the hematological status for some 
key nutrients in the one study in which this association was investigated. This 
paper summarizes some of the literature relevant to diet as a risk factor for 
systemic disease and identifies areas where alfered food choice as a conse- 
quence of reduced masticatory efficiency might be placing individuals at in- 
creased risk of life-threatening conditions, such as atherosclerosis and cancer. [J 
Public Health Dent 2000;60(4):304- 71 
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Chewing of food is important in the 
initiation of food digestion. It serves to 
comminute foods so that a bolus can 
be formed and swallowed. This proc- 
ess of breaking up food and convert- 
ing it into a bolus to be swallowed is 
associated with the release of tasteants 
from the food, enhancing our enjoy- 
ment of the things we eat. 

Because of the importance of chew- 
ing in the digestion of foods, it is rea- 
sonable to assume that the health 
status of the mouth might influence 
diet and nutrition. The numbers and 
distribution of teeth will influence the 
ease of chewing, particularly the pres- 
ence of complete dentures. Chewing 
with conventionally retained dentures 
can be likened to an oral juggling act 
where the actions of the oral muscula- 
ture and the forces of adhesion and 
cohesion hold the prostheses in place. 
The food itself has a profound destabi- 
lizing influence in this process, as 
forces are applied eccentrically to the 
dentures unless the bolus can be ma- 
nipulated such that chewing occurs 
simultaneously on the right and left 
sides. 

The purpose of this paper is to ex- 
plore the evidence linking masticatory 

efficiency with foods choice and die- 
tary limitation and the health risks that 
may be associated with such limita- 
tion. 

Masticatory Efficiency 
The ability to break down foods into 

controlled lumps by chewing to per- 
mit swallowing is usually assessed by 
measuring the size of test food sam- 
ples that have been chewed for a spe- 
cific number of chewing cycles by 
study participants. The test food is ex- 
pectorated and the comminuted food 
analyzed using a sieving method or, 
more recently, using image analysis 
techniques. 

Testing consistently has demon- 
strated reduced efficiency in chewing 
with decreasing numbers of teeth, 
with teeth and removable partial den- 
tures compared with a similar number 
of natural teeth and with complete 
dentures compared with a natural 
dentition (1-5). Aging alone has little 
effect on chewing efficiency, although 
the literature suggests some reduction 
in oral motor function as people get 
older, probably relating to altered 
muscle bulk (67 ) .  

Masticatory Efficiency and 
Dieestion 

In the 1950s Farrell showed that 
chewing ability has no influence on 
digestion of food consumed in a mod- 
ern diet. He had young healthy volun- 
teers swallow muslin bags containing 
samples of unchewed, partially 
chewed and fully chewed foods. The 
bags were retrieved after passage 
through the bowel and foods analyzed 
for the extent of digestion. He found 
that the quality of digestion was inde- 
pendent of the extent by which the 
food had been chewed, but was de- 
pendent on the food type (8,9). 

While informative, the relevance of 
Farrell’s work to an older population 
is unclear because similar methods 
have not been used in the aged. Pro- 
found changes occur in the bowel with 
aging, including reductions in the rate 
of gastric motility and atrophy of the 
viUii on the walls of the bowel. These 
changes influence the ability of an 
older person to digest and absorb 
foods. 

Masticatory Efficiency and 
Food Choice 

W e  it may be the case that diges- 
tion per se is not influenced by masti- 
cation, compelling evidence supports 
food choice being affected by our abil- 
ity to chew. As masticatory efficiency 
declines, people report increasing dif- 
ficulty chewing foods and choosing 
not to eat foods that are difficult to 
chew. This avoidance is of particular 
importance for those foods that could 
be regarded as more difficult to chew, 
such as raw carrot, nuts, fibrous vege- 
tables, and some fruits. People with 
fewer teeth become handicapped by 
their dentition and as a consequence 
may suffer impaired intakes of some 
key nutrients. One area of particular 
concern is the level of nonstarch poly- 
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TABLE 1 
Comparison of Key Nutrient Intakes from the National Diet and Nutrition Survey and the VA Longitudinal Dental 

Survey [Numbers in brackets are Recommended Daily Allowances] 
- 

Edentate Compromised Intact 
_ _  ._ 

Nutrients NDNY VADLSt NDNS' VADLSt NDNS VADLSt 

Base 287 76 131 224 123 114 
Energy (kcal) 1,583 1,677 1,700 1,795 1,842 1,894 
Protein (g) [63 g/dl 60 68 66 74 71 80 
Fat (8) 64 52 67 53 67 55 
Nonstarch polysaccharides 11 16 13 19 16 21 

Calcium (mg) [SO0 mg/day] 722 689 825 677 884 773 
(g) [25 g / 4  

Vitamin A (pg) [SO0 Fg/d] 1,036 1,297 1,374 1,490 1,268 1,756 
Vitamin C (mg) [60 mg/d] 60 127 82 146 83 156 
Niacin (mg) [I8 mg/d] 27 34 33 28 32 32 
Vitamin E (mg) [lo mg/d] 8 7 10 7 12 10 

'National Diet and Nutrition Survey (UK), Ref. 15. 
tVA Longitudinal Dental Survey, Ref. 14 

saccharides (dietary fiber) intake, 
which is markedly reduced in older 
people compared with dietary refer- 
ence values (4,lO-14). In addition to 
declines in nutrient intake, increases in 
intakes of saturated fats, cholesterol, 
and calories are reported in older peo- 
ple as the number of teeth decline (14). 

Recent data from both the United 
Kingdom and the United States con- 
firm these associations between tooth 
loss status and food selection (14,15). 
Summaries of nutrient intake and bio- 
chemical markers of nutritional status 
from these two studies are provided in 
Tables 1 and 2. The observed associa- 
tions are independent of the effects of 
age, sex, regional variation within a 
country, or socioeconomic group. The 
correlations between the biochemical 
data from the UK study and oral 
health status are the first of their type 
to be presented in the literature. 

The effect of masticatory efficiency 
on food selection is likely to be com- 
pounded by food preparation. A per- 
son with reduced chewing efficiency 
may overprepare (e.g., removing the 
skin from fruits and vegetables) or 
overcook fresh foods in an effort to 
make consumption practical. A broad 
range of nutrients are affected by these 
practices, including foodstuffs that are 
thought to be important for cancer pre- 
vention (e.g., nonstarch polysaccha- 
rides or dietary fiber) and for cellular 
defense and combating the effects of 
aging (e.g., the antioxidant micronu- 
trients vitamins C and El. 

TABLE 2 
Plasma Concentrations of 3 Antioxidant Vitamins from the National Diet and 

Nutrition Survey (UK) [Ref 151 

Dentate (n=254) Edentate (n=287) 

Mean Median Mean Median 
_____. . - - -. - 

- ____- Plasma (pmol/l) 

Ascorbate (vitamin C) 49.1 48.7 39.4 40.1 
Retinol 2.3 2.21 2.09 2.03 
Alpha-tocopherol 38.6 36.9 37.0 36.1 

Dietary Fiber and Fruit and 
Vegetable Consumption 

A number of papers recently have 
related oral health to systemic health, 
most notably to atherosclerotic disease 
and pneumonia in debilitated sub- 
jects. The prime focus for these papers 
is the role of periodontal pathogens 
and their associated circulating in- 
flammatory markers in the initiation 
and progression of the formation of 
atherosclerotic plaques and thence 
disease (16-19). A sigruficant body of 
evidence also associates dietary imbal- 
ance with a variety of systemic ill- 
nesses. 

Reduction in dietary fiber and in 
fruits and vegetables consumption is 
associated with increased risk of car- 
diovascular disease (20-23). The 
mechanisms for this interaction have 
not been clarified fully, but probably 
relate both to the lipid-lowering capa- 
bilities of soluble fiber (24), as well as 

the effects of antioxidants from fruits 
and vegetables. Strong associations 
have been found between increased 
fruit and vegetable intake and reduced 
risk of esophageal, gastric, and col- 
orectal cancer. In addition, some data 
link fruit and vegetable consumption 
to prostate, cervical, pancreatic, and 
bladder malignancy (25-28). 

Micronutrients 
A large number of dietary compo- 

nents form an essential part of the cel- 
lular defense mechanisms against oxi- 
dative damage to DNA. These antioxi- 
dants include the trace elements 
selenium, zinc, and manganese; vita- 
mins A, C, and E; and other plant-de- 
rived micronutrients, for example, be- 
tacarotene, luteine, lycopene, and 
plant flavenoids. The importance of 
these compounds in normal function 
is increasingly becoming apparent. 

Links have been demonstrated be- 
tween vitamin C and both excess win- 
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ter mortality in older people and car- 
diovascular disease and stroke (29-32). 
Evidence also links vitamin C and 
other antioxidant vitamins to cataract 
formation (33-35). In addition, vitamin 
E and lycopene intakes have been 
linked to cardiovascular disease risk 

The data relating micronutrients to 
risk of malignancy are less clearcut 
than for these other diseases. A 
number of studies show positive asso- 
ciations between intake of antioxi- 
dants and a variety of malignancies. 
However, a similar number demon- 
strate no association. 

Intervention studies with micronu- 
trient supplementation have been no- 
tably unsuccessful at reducing the risk 
of either cancer or of cardiovascular 
disease. Indeed one major interven- 
tion trial of betacarotene supplemen- 
tation in the prevention of lung cancer 
was stopped before its anticipated ter- 
mination date because the rate of de- 
velopment of cancers was greater in 
the test (supplemented) group than 
the controls (40-42). Possible explana- 
tions for this result include the follow- 
ing: (1) the doses used may not be 
adequate or may have been too great; 
(2) antioxidants may have a long-term 
effect and the short-term studies that 
have been undertaken to date may not 
have been able to show any effects as 
a consequence; or (3) these antioxi- 
dants might simply be markers that 
we can measure of a dietary pattern 
that equates to a healthy lifestyle-re- 
placing a single component of the sys- 
tem arbitrarily would therefore have 
little effect. 

(36-39). 

General Nutritional Status 
In addition to the associations out- 

lined for specific disease risk in this 
paper, general malnourishment is a 
considerable problem in older people, 
particularly for those who are admit- 
ted to the hospital. People who are 
malnourished have poorer outcomes 
in terms of their care, and remain in the 
hospital for longer than those who are 
adequately nourished. Reported 
chewing ability has been linked to 
these problems (43-46). 

Conclusions 
Oral health status is intimately 

linked to food selection and prepara- 
tion. These in turn influence dietary 
adequacy, nutritional status, and gen- 
eral health status. Might it be that 

edentulous people are at greater risk 
of dying because of their dietary pref- 
erences? Simple dietary supplements 
may have only a limited benefit in 
these circumstances because of the 
complex nature of foods and yet to be 
identified protective elements within 
them. Individuals with a compro- 
mised dentition will need a more radi- 
cal change in food selection, prepara- 
tion, or both. Changing long-standing 
dietary habits in older people is diffi- 
cult, but needs to be addressed. It will 
require specific and carefully de- 
signed dietary interventions at an ap- 
propriate stage of care. 
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