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INTRODUCTIO N

By act, if not by word, modern stomatology is still wedded to the theo-

ry that oral disease is essentilly of local causation . In contrast, the ecologic

hypothesis set forth in this report recognizes that, whether one maintains

health or succumbs to disease is a function of the interplay of environmental

stressors and the capacity of the organism to meet with success (via host

resistance) or failure (through host susceptibility) the many and diverse

physical, chemical and microbial environmental challenges (Fig . 1) . The

utility of this formula is evident by simply substituting poliomyeolitis for health

or disease . The environmental challenge in this affliction is obvious invasion

by the poliomyelitis virus . However, this is not the entire genesis of the di-

sease . There is the well-established clinical observation that most indivi-

duals are invaded by the microorganism yet do not develop the disease .

This can only be explained by granting that host factors are operative which

make the viral challenge innocuous . Further, history underlines the fact

that our greatest biologic advances have stemmed from altering host state

rather than the environment . Apropos to poliomyelitis, it is theoretically pos-

sible to eradicate the virus . More practically, the technique is one of altering

the organism so that it can live with the microbial threat . This is the concept

of vaccination. Parenthetic mention should be made that the single major
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biologic advance in stomatology has also been one of modifying host state
(namely fluoridation) rather than changing the oral environment .

Like any other theory, this equation must be tested . This will be at-
tempted (Fig. 1) through a study of gingival state (as one oral parameter)
versus blood glucose (as one barometer of host state) . Specifically, an at-
tempt will be made within these pages to analyze carbohydrate metabo-
lism as a diagnostic instrument, as a therapeutic tool, and a prognostic device .

METHOD OF INVESTIGATION

One hundred and eighteen presumably healthy third-year dental stu-
dents shared in this study. The gingiva of each of the incisor teeth was graded
on a four-point scale ranging from zero to three (Table 1) on a Monday

and Friday of the same week at approximately 10 :15 A.M. The mean or
average gingival score was derived for each subject and expressed to the first
decimal . At each of these two visits, venous blood glucose was determined
by the soMOGYr-NELSON method 1 2 . The 118 students were then randomly
categorized in five subgroups (Table 2) . Forty of the individuals (Group I)
were simply instructed to consume a relatively low-refined-carbohydrate
diet during the experimental three-day period . Twenty-two (Group II)
received per orum 50 grams of chemically pure sucrose at 7 :45 A.M. and
1 :15 P.M. (a total of 100 grams per day) during the test time . Fourteen
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persons (Group III) were given rothing . Twenty-one students (Group IV)
ingested 75 grams of glucose in solution at 7 :45 A.M., 9 :45 A.M. a_~d 1 :15
P.M. (225 grams daily) during the Monday to Friday interval . The remai-

ning twenty-one participants (Group V) were supplied with a low-calorie

artificially-sweetened beverage indistinguishable from the glucose supple-
ment. Neither the single examiner nor the students was aware of the nature

of the supplements nor the recorded findings during the course of the ex-
periment.

TABLE 1- Gingival state evaluation .

0 = no gingivitis present

I slight hyperemia, swelling and loss of gingival stippling, patient asymptomatic

2 moderate hyperemia, swelling and loss of gingival stippling, tendency to bleed,

may be tender or painful

3 = marked hyperemia, swelling and loss of tissue tone, so-called spontaneous

bleeding, may be ulceration, tender and painful .

TABLE 2 - Experimental groups .

group sample size Dietary regim e

I 40 low-refined-carbohydrate diet 100 gram su -
II 22 crose solution daily no supplement .

III 14 225 gram glucose solution daily low-calori e

IV 21 artificially-sweetened solution daily .
V " 2 1

RESULTS

Diagnostic significance prevails when two variables correlate signifi-

cantly even if neither is the cause of the other . To test the ecologic formula,
the mean gingival scores: :were plottedagainst blood glucose (Fig . 2) .Show4
one the ordinate ar,,e the mean clinical scores exp,ressed in two decimals,;

described on the abcissa are the biochemical findings listed as blood glucose
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groups. The first and most obvious point is that the lowest mean gingival

value (a score of 0.51) parallels the 67 readings in the 80 to 84 mg . per cent

blood glucose group . Secondly, and supported by other investigations 313,

is the fact that progressively higher blood glucose scores are associated with
progressively higher mean gingival values . Thus, the 85 to 89 mg . per cent

blood glucose category (including 23 readings) has a mean clinical score

of 0 .54 ; the 90 + group an average of 0.61. Finally, and supported by still

other studies 14 Is, is the fact that there is also a rise in gingival scores

with relatively low blood glucose concentrations . Thus, the blood glucose

groups below 80 mg . per cent show mean gingival scores of 0.61 . In other

words, within the limits of these observations and supported by other studies, there is

indeed a relationship (a parabolic one) and therefore diagnostic utility in carbohydrate

metabolism as it relates to gingival status .
Therapeutic overtones in support of the ecologic thesis would prevail

if eliminating and adding refined-carbohydrate foodstuffs improved and

worsened the gingiva respectively . Such an analysis was performed both

qualitatively and quantitatively and recorded here (Fig . 3) is one quali-
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tative summary . Described on the X-axis are the five subgroups as previously
outlined (Table 2) . Pictured on the Y-axis is the mean group percentage

change derived by subtracting the final from the initial mean gingival va-

lues . It will be observed that the greatest mean percentage reduction in gin-

gival score (35 per cent) 16 1' followed the elimination of dietary refined-

carbohydrates. A 15 per cent improvement was observed with the low-ca-
lorie drink 18. No change appeared with no therapy 1 9 . There were 24 and

62 per cent worsening with sucrose 19 and glucose solutions 1 8 respectively .

Here is additional proof for the ecologic theory . The gingival state appears to improve

and worsen with the subtraction and addition of dietary refined-carbohydrates .

The evidence thus far suggests, admittedly from group analyses, the

diagnostic and therapeutic implications of carbohydrate metabolism . However,

scrutiny of the individual cases emphasizes that there is considerable varia-

gingival state
620

60 -
• statisticalt y

worsened significant

40 -

24 •

20 -

mean 0
percentage 0

change U20 -

40 - 350
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60-
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bility of response (Fig . 4) . It will be observed that the five subgroups are
arranged on the baseline . In each of these groups, only the individuals with
initial mean gingival scores of 0 .4 to 0.6 are included to simplify the discus-
sion . Listed on the vertical are the mean gingival scores for these same in-
dividuals at the final visit . For example, following glucose supplementation
(last column on the right) one subject with an original score of 0 .4 to 0 .6
worsened to 1 .0 . Three increased to 0 .9, three to 0 .8 and one to 0 .7 . Three,
it will be observed, did not worsen . Why the variability in response? Can
one predict gingival response from measures of carbohydrate metabolism? 2 0

It should be recalled that two-hour postprandial blood glucose was
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determined at each of the two visits . Shown (Fig . 5) are the values initially
on the horizontal axis and at the second visit on the vertical axis . The first
and foremost observation is that there is considerable variation in blood
glucose. Some of the subjects vary widely at the two visits . For example,
one individual had a relatively low blood glucose at the start (60 mg . per
cent) and a relatively high level (110 mg. per cent) at the end . Conversely,
another started with a relatively high score (110 mg . per cent) and finished
with a much lower 75 mg. per cent. Still others showed a much more cons
tant picture (like 80 mg . per cent at both visits) . The question now to be

resolved is « of what significance are the blood glucose patterns and their
variations in terms of gingival state ? »

There is considerable controversu regarding the physiologic range for
blood glucose . The consensus is that two-hour postprandial values should
range between 60 and 100 mg . per cent 21 22 These limits are demarcated
by the large rectangle (Fig. 5) . Thus, optimal carbohydrate metabolism i s
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tinal (mg• percent ) •
110- •
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pictured within the square ; suboptimal outside the boundaries of the box .

On this basis, it then becomes apparent that 14 of the 118 subjects (12 per

cent or one in eight) are exhibiting unsatisfactory blood glucose levels . It

is a noteworthy coincidence that this figure of 12 per cent is consistent with

other reports which suggest that glucose tolerance tests in mental patients

yield an incidence of about 10 per cent 23 diabetes mellitus, routine uri-

nalyses in dental patients disclose approximately 10 per cent with gluco-

suria 24 25 .

There are two valid reasons for challenging the physiologic limits of

blood glucose . The present standards for blood glucose (as well as height,

weight, blood pressure, tooth eruption, etc .) is derived from the mean and

two standard deviations of samples of presumably healthy subjects . The as-

sumption, by using this statistical approach, is that the values obtained for

95 per cent of a sample of the population may be regarded as healthy. The

fallacy of this approach should be abundantly clear to the stomatologist .

If the characteristics of 95 per cent. of a group of healthy individuals may

be regarded as physiologic, then it must be granted that dental caries is

healthy since 95 per cent of the population demonstrates dental decay .

There is a second objection to the present limits for blood glucose . In

the final analysis, life or death is a function of homeostasis 26 . The cells sin-

gly and collectively as a total organism survive when host resistance can

cope successfully with the many and diverse environmental threats . When

the homeostatic machinery collapses, host susceptibility replaces host resis-

~

temperature _
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psychic state
0 health disease

change -

JW
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time
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tance. The same environmental challenges now overwhelm the system and

disease and then death ensue . Much has been written about the mechanism

which control homeostasis (the steady state) . Relatively little attention has

been accorded the study of how steady is the steady state . Surely, during

health, body temperature fluctuates during the day (Fig . 6) . Any sudden

rise or abrupt fall is immediately reflected in the clinical state (e .g. swea-

ting and chilling) . Hence, pictorially expressed, health and disease in terms

of temperature may ben shown by differences in amplitude . Ordinarily,

the average man during the usual day has his moments of pleasure and dis-

pleasure . When these fluctuations are exagerated so that the subject is at

once manic and moments later catatonic, disease is obvious . Once again,

psychologic balance and imbalance are shown by differences in amplitude .

It would seem that health and disease could be plotted on the basis of the

extent of the amplitudes of a constellation of physiologic, biochemical, and

clinical parameters. It would appear that carbohydrate metabolism (as

reflected in blood glucose) also possesses its physiologic limits . Thus, during

the normal day for the healthy man, blood glucose should vary . The ques-

tion is how much amplitude is physiologically acceptable . Many have writ-

ten on this subject 27 34 RENE DUBOS 35, in his writings about CLAUDE BER-

NARD and homeostasis, made the following cogent statement :

He (Claude Bernard) emphasized that at all levels of biological

organization, in plants as well as in animals, survival and fitness

are conditioned by the ability of the organism to resist the impact

of the outside world and maintain constant within narrow limits

(italics added) the physicochemical characteristics of its internal

environment .

On the assumption that the steady state is indeed very steady, the il-

lustration (Fig. 5) delineates the individuals with blood glucose levels ini-

tially and finally ranging between 75 and 85 mg . per cent. This is pictured

by the small rectangle . If such restricted fluctuations reflect more optimal

health than 60 to 100 mg . per cent (the larger rectangle), one finds only

33 individuals within the small box and 85 outside the very small rectangle .

The question now to be answered is whether one can predict gingival

response to changes in dietary carbohydrates based upon the carbohydrate

metabolic state . In other words, can one explain the variability and res-

ponse to dietary change utilizing carbohydrate metabolism as a reflector of

resistance and susceptibility? The five dietary regimes are listed on the ex-

treme left (Table 3) . The number of persons within and outside of the small

rectangle are shown . For example, of the 40 subjects who reduced refined-

carbohydrate foods for three days, four demonstrated blood glucose levels
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within 75 to 85 mg. per cent ; 36 showed values below 75 and-or above 85
mg. per cent. If it is more desirable to be, metabolically speaking, within

the rectangle, then two observations should be underlined . Firstly, before
therapy, the four persons within the square should have better gingiva (lo-
wer scores) than those outside the small rectangle . It will be noted that the
four subjects with blood glucose scores of 75 to 85 mg. per cent do indeed
have a mean gingival score initially (0 .50) less than the 36 individuals out-
side of the rectangular zone (0 .61) . Secondly, if the ecologic hypothesis is
indeed valid, the subjects within the small rectangle should fare better after
dietotherapy than those outside . In other words, the mean gingival score
at the end of the experiment should be lower for those within the small rec-
tangle . An examination of the data (Table 3) does underscore this obser-
vation. In fact, the mean score for those within the rectangle is indeed
less than for those outside (0 .35 versus 0 .40) . In short, the experience described
in these 40 subjects supports the hypothesis that the constancy of carbohydrate meta-

bolism can be utilized as a predictor of dietotherapeutic response and serves also to ex-
plain the variability of reaction to treatment .

The study just outlined was accomplished without supervision. In other
words, a dietary recommendation was made . Obviously, not all students
cooperated to the same degree. To restudy the project under more suitabl e

TAxLE 3 - Relationship of two-hour postprandial blood glucose and gingival state
with changes in carbohydrate metabolism .

ietary regime

75 - 8 5

mg. per cent

blood glucos e

group

< 75 & > 8 5

mg. per cent

blood glucos e

grou p

initial final initial final
mean mean mean mean

sample gingival gingival sample gingival gingival
size score score size score score

Low-refined-

carbohydrate diet 4 0.50 0.35 36 0 .61 0 .4 0
Nonglucose supplement 10 0.47 0.38 11 0 .63 0 .5 5
No supplement 4 0.53 0.55 10 0 .71 0 .7 1
Sucrose supplement 5 0.40 0.50 17 0 .68 0 .8 5
Glucose supplement 10 0.42 0.73 11 0 .49 0 .75
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conditions, 21 individuals received a low-calorie artificially-sweetened drink
indistinguishable from the glucose supplement . Parenthetic mention should

be made that dietary surveys before and during this experimental period

revealed that this supplement tended to reduce refined-carbohydrate intake .
Utilizing the approach previosly mentioned for delineating the relatively

healthy from those relatively ill in terms of carbohydrate metabolism, we

learn (Table 3) that 10 individuals fall within the small rectangle and 11
may be identified outside. Once again, the hypothesis may be tested . Firs-
tly, the initial gingival scores should be lower for those within versus those
outside of the rectangle. This is underscored by values of 0 .47 versus 0 .63
respectively. Secondly, the persons within the small box should fare better

in that the final mean gingival scores should be lower . This is also shown
(Table 3) by final scores of 0 .38 versus 0.55 . Here is now additional evidence
of the prognostic worth of carbohydrate metabolism .

Mention should be made that 14 students were left untreated (Table
3) . For the hypothesis to be valid, the individuals within the rectangle (as

for the two preceding groups) should have lower initial scores than the out-
side . This is precisely the case . The four subjects showing blood glucose le-
vels of 75 to 85 mg . per cent have a lower initial score (0 .53) than those
outside the rectangle with a mean of 0 .71 . Obviously, since no therapy was
administered, one would expect that the final mean gingival scores would

not be appreciably different from those at the first visit . This is also shown
by values of 0 .53 to 0.55 and 0.71 to 0 .71 . Thus, for the third time, the data
support the thesis in a group subjected to no therapeutic regimen .

Thus far, the theory has been tested by eliminating refined-carbohy-

drate in two different ways and by a study of a group with no supplementa-
tion. The only other obvious verification must come through a study of the
addition of refined-carbohydrate . It will be noted (Table 3) that one group
of subjects, specifically 22, received sucrose supplementation . Within this
group there were five who could be identified in the small rectangle and 17
outside of the box. Once again; there are two important items which should
be emphasized . Firstly, those within the rectangle should have initial mean

gingival scores lower than those outside . This is borne out by the facts . It
will be noted that the score of 0 .40 is characteristic of those within the square
in contrast to a value of 0 .68 outside of the rectangle . Secondly; one would

expect that there should beworsening of the gingival state and that those
outside the rectangle should fare more unfavorably. It will be observed
(Table 3) that the mean scores rose from 0 .40 to 0.50 within the square and
from 0.68 to 0.85 outside, These limited observations confirm the thesis set forth
earlier, namel'ythat carbohydrate metabolism provides some measure of predictibility

of gingival response .

Finally, 21 subjects were supplied with ,the monosaccharide glucose
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in solution . The initial values of 0 .42 for the ten within and 0 .49 outside

of the square confirm the previously noted observations . The final values

of 0.73 and 0.75 demonstrate the increase in gingival scores following the

supplement . Once again, here is additional data to suggest the utility of carbohydrate

metabolism as a predictor of resistance and susceptibility .

DISCUSSION

The evidence presented thus far suggests that carbohydrate metabolism

may be employed for diagnostic, therapeutic, and predictive purposes with regard

to gingival state . Other published reports indicate that the carbohydrate

metabolic state may be correlated with other oral parameters 3 6 ,3 8 as well

as many and diverse extraoral syndromes such a skin disease 39, pepti c

ulcer 40, cancer 41, multiple sclerosis 42, atherosclerosis 43, gout44, and coro-

nary heart disease 45. The all-important remaining question is to explain

the mechanism. The categoric statement may be made that it is not known .

However, there are isolated bits of evidence to suggest some of the under-

lying bases for the observations noted in this report as well as in other publis-

hed documents . Because of time and space limitations, only two exemples

will be cited .
The clinician knows well the susceptibility to infection which accompa-

nies diabetes mellitus . This, apparently, is in some manner related to pha-

gocytosis . Studies have been performed 46 (Table 4) showing a relationship

between fasting blood glucose levels and corresponding phagocytic indices

in diabetic patients . The technique in such an experiment is one of incu-

bating a known number of microorganisms with blood containing different

glucose concentrations . By subsequent appropriate blood staining, the num-

ber of microorganisms incorporated per leukocyte is counted . It will be ob-

served (Table 4) that the diabetic individuals with the lowest blood glucose

levels (128-178 mg. per cent) show the highest phagocytic index (3.92 micro-

organisms per leukocyte) ; those with the highest blood glucose levels (280-

380 mg. per cent) the lowest phagocytic scores (only 0 .34 microbes per white

cell) . This relationship is not confined to the diabetic and can be experimen-

tally demonstrated in nondiabetic individuals (Table 5) . With the progres-

sive deliberate increase of glucose under reasonably carefully controlled

conditions, the mean phagocytic index progressively declines . Specifically,

45 minutes following no glucose injection, the mean phagocytic index is

13.2 ; after 100 grams of glucose, the index has decreased approximately

90 per cent to 1 .2. Also, it can be observed that the intermediate groups

in terms of glucose ingestion are paralleled by intermediate mean phago-

cytic indices . In short, there is evidence to suggest that carbohydrate me-
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TABLE 4 - Fasting blood glucose levels and corresponding
phagocytic indices in 45 diabetic patients *

bloo d

glucos e

group

sample
size

mean

phagocyti c

index

128-178 15 3 .9 2

178-280 15 0 .98

280-380 15 0 .34

* KIJAK E., FOUST G. and STEINMAN R .R., Relationship

of blood sugar level and leukocytic phagocytosis. J . South.
Calif. St . Dent . Assn. 32 : 9, 349-351, September 1964 .

TABLE 5 - Phagocytic indices before and forty-five minutes

after varying amounts of ingested glucose *

grams of
glucos e
ingested

mean
phagocyti c

index

0 13 . 2

25 10 . 0

50 5 . 5

75 2 . 2

100 1 . 2

* KiJAx E ., FousT G . and STEINMAN R.R., Relationship

of blood sugar level and leukocytic phagocytosis . J. South .
Calif. St. Dent . Assn . 32 : 9, 349-351, September 1964 .
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glyCogen

PHOSPHORUS~ ~ ~ ._ . . .. ... ..~

glucose -1- phosphate
...... . . . . . . ........ ~~

~MAGNESIUM~

glucose ~-----~ glucbse-6-phosphate

11
hexose-1:6-phosphate

it
3-glyceraldehyde phosphate

- - -------------
s1 PHOSPHORUS ~ ~~ ~NICOTINIC ACID

1 :3-phosphoglyceric acid

IY
3-phosphoglyceric aci d

it
i GNESIUM

phosphopyruvic acid phosphopyruvic acid

oxalacetic acid pyruvic aci d

~THIAMINE _ ~NICOTINIC ACID

lactic acid.» . . . . ....... . . . . . .. ..... . . . . :... .»»..» . ._»:»
THIAMINE

PHOSPHORUS RIBOFLAVIN
MAGNESIUM NICOTINIC ACI D

PYRIDOXINE
PANTOTHENIC ACID ,

C 0p + H20

Fic . 7

tabolism and phagocytosis are related . Apparently, host resistance and host

susceptibility are a function of the organism's phagocytic potential .

It should be abundantly clear that carbohydrate metabolism has been
employed in this reports as one link between stomatology and the total
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organism. Obviously, all of the major foodstuffs are interrelated and the

capacity to carry out essential intermediary metabolism is a function of the
enzyme systems . In large measure, the holoenzyme is a protein and the coen-

zyme a combination of vitamins and trace minerals . Accordingly, part or

all of the basis for the observations cited in this paper may be dependent
upon these nutrients . There is abundant evidence (Fig . 7) that intermediary

carbohydrate metabolism requires many vitamin and mineral fractions 47 .

For example, the phosphorylation of glucose is a function of the presence
of phosphorus . The simplification of pyruvic acid to lactic acid, to select

another illustration, hinges upon the amount of nicotinic acid . Hence, there
is the possibility that it is such vitamin-mineral substances which play a

role in the changes observed in these gingival studies .

SUMMAR Y

An attempt has been made, within these few pages, to underscore the diagnostic, the-

rapeutic, and predictive properties of carbohydrate metabolism in gingival health and di-

sease . But in the larger picture, the rightful relationship of stomatology and the total or-

ganism hinges upon the acceptance or rejection of an ecologic philosophy . Much by many

has been written on this issue. One, Jaques May, has described it most eloquently by uti-

lizing a doll to symbolize the substrate and a hammer to signify the noxious world, when

he wrote : «It is as though I had on a table three dolls, on of glass, another of celluloid, and a

third of steel, and I chose to hit the three dolls with a hammer, using equal strenght . The first doll

would break, the second would scar and the third would emit a pleasant musical sound . >>
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