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The musculoskeletal syndrome is one of the large chronic disease problems in civilized
society . Hence, it is imperative to develop practical preventive measures . To do this,
it is essential to identify all possible risk factors . The evidence in this report suggests
the possibility of many dietary factors operating in the genesis of musculoskelefal dis-
ease . The findings in this experiment are not all sharply defined, partly because of the
techniques employed . Notwithstanding, there appear to be numerous resistance agents
which discourage disease and a few susceptibility factors which invite disease . Inciden-
tally, the findings in this report support earlier observations with regard to a mental
illness proneness profile2, an oral disease proneness profile3, and a syndrome of sickness
profile ?

The ACA Council on Nutrition is indebted to the
authors for presenting this article for publication in
the ACA Journal. The council was instrumental in
obtaining this original monograph.

Introductio n

Five interdependent points serve as the justifi-
cation for and the prelude to this report .

First, the evidence is abundantly clear that m,us-
culoskeletal disease is one of the biggest problems
in the United States today. In fact, according to
data from the National Health Surveyl, 25,423,000
Americans reported one or more musculoskeletal
problems in one record year . Second, the thera-
peutic armamentaria presently employed for mus-
culoskeletal problems include few chemical agents
other than those designed for symptomatic care .
Third, the fundamental problems in the musculo-
skeletal syndrome are not particularly different
than those encountered in other areas . For ex-
ample, coronary artery disease is also recognized to
be of epidemic proportions. Additionally, it is now
granted that the present therapeutic approach can
never resolve the problem. Thus, there is increasing
interest in primary prevention, meaning prevention
of occurrence . Because of such preventive concern,
there is now available a coronary proneness profile
of considerable effectiveness. It would be highly

desirable to develop a like profile for the musculo-
skeletal problem. Fourth, there is now an increas-
ing interest in orthomolecular therapy. Finally, the
prevention of musculoskeletal illness, like the pre-
vention of disease in any other part of the body,
hinges upon the (1) identification and the subse-
quent (2) elimination of risk factors . There is no
disagreement regarding these two strategic points .
There is, on the other hand, considerable confusion
as to what constitutes a risk factor. In order to re-
solve this point, it is first necessary to outline the
course of events which eventuates in health or
disease.
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The Anatomy of Health and Diseas e

In one sense, man may be viewed as a multilamel-
lated sphere (Figure 1) which looks the same when
viewed from any peripheral point. Likewise, peri-
pherally, any way one turns man, the picture is the
same.

What one encounters peripherally is a layer
characterized by signs of disease. Here, one may
observe a gangrenous leg, pimples on the skin, or
a mobile tooth. All of these findings have in com-
mon the fact that they are signs of disease and
represent the end result of a long incubation period.

If one peels off this most peripheral layer, a
symptom zone comes into focus. These are findings
which can only be elicited from the subject . In
other words, they cannot be observed by the ex-
aminer directly. In this category one would include
an itch, headache, or a toothache . What is particu-
larly important is that symptoms generally precede
signs of disease . Hence, in one sense of the word,
symptoms may be viewed as risk factors since they
forecast the advent of the more peripheral signs of
disease.

By removing the second zone, the symptom layer,
one brings into focus the performance area . On dis-
solving away this layer, the biochemical pattern is
brought into view . Eliminating the biochemical
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Figure I . The sphere of man showing diet as
the core problem .

layer brings into view the hormonal pattern . Be-
neath the hormonal layer is the enzyme zone . Fi-
nally, the core is represented by a series of prob-
lems which may rightly be classed as lifestyle.
Surely, diet, or more correctly undernutrition or
malnutrition, may be viewed as a critical risk factor
since man is a food-dependent creature (Figure 1) .

It should be emphasized that there are many
dietary as well as nondietary core factors . They
may be categorized in two groups . Those factors
which tend to discourage disease may be viewed as
resistance factors or pluses. Conversely, those fac-
tors which encourage disease may be regarded as
susceptibility factors or minuses.

Utilizing this experimental model, one can read-
ily identify primary and secondary risk factors . For
example, hypertension is a risk factor in the genesis
of cardiovascular disease . Employing this experi-
mental model, both hypertension and cardiovascu-
lar disease would be identified in the most periph-
eral zone with cardiovascular disease superficial to
hypertension . However, hypertension can only be
viewed as a secondary risk factor, since the next
question which arises is what causes the hyperten-
sion. Hence, in the final analysis, the true or pri-
mary risk factors are the core problems. These in-
clude, in addition to diet, physical activity, light,
tobacco, coffee/tea, alcohol, and many other known
and likely unknown variables .

In this discussion, consideration will be given to
the relationship of the peripheral layers as judged
by musculoskeletal symptoms and signs versus the
core as measured by diet and some other nondietary
factors .
Method of Investigation

In 1965, a multiple testing health program for
members of the health professions was inaugurated.
This program has grown so that at the present time,
832 dental practitioners and their wives have been
studied in terms of dietary patterns and musculo-
skeletal symptoms and signs .

The Cornell Medical Index Health Questionnaire
is a list of 195 questions followed by two responses,
yes and no. The subject is asked to choose the re-
sponse he or she thinks is appropriate . If in doubt,
the subject is asked to guess . The CMI has been
devised as an instrument for quickly obtaining a
descriptive sketch, for clinical interpretation, of a
person's attitude, moods and feelings, emotions,
and bodily reactions . One section consists of eight
questions relating to the musculoskeletal system
(Figure 2) .

At each visit, each subject completed a food fre-
quency questionnaire and a seven-day dietary rec-

ord. The forms were submitted to a computer cen-
ter and printouts became available outlining the
daily intake of all the major foodstuffs as well as
the most common vitamins and minerals.
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Hence, with these data, it is possible to study the
relationships between diet and the musculoskeletal
syndrome.

Sessions were held periodically to discuss the
health of the group ; dietary deficiencies and ex-
cesses were pointed out and suggestions offered as
to how to improve the diet. Also, discussions were
conducted about the role of nondietary factors in
musculoskeletal health and disease. Annually, the
health questionnaires and the dietary surveys have
been repeated. Thus, it has been possible to com-
pare changes in diet and other nondietary risk fac-
tors versus changes in musculoskeletal symptoms
and signs .
Results

Figure 3 is designed to study the relationship of
musculoskeletal symptoms and signs (as derived
from the Cornell Medical Index Health Question-
naire) versus the daily mean percentage of calories
derived from refined carbohydrate foodstuffs (as
judged from a food frequency questionnaire) . Three
points warrant particular mention. First, the mean
daily percentage of calories derived from refined
carbohydrate foodstuffs in the group with no mus-
culoskeletal symptoms and signs is 18 .4% ; in con-
trast, the daily intake in those with 1 + musculo-
skeletal symptoms and signs is 21 .5% . This is an
approximate 17% difference in the two groups .
Second, by definition, refined carbohydrate food-
stuffs are to be viewed as a susceptibility agent
since, when added, it tends to encourage disease.
Third, the difference between the two groups is
statistically highly significant (t= 3 .440, P<0.001) .

And so it would appear that subjects with mus-
culoskeletal symptoms and signs are more apt to
be consuming relatively more refined carbohydrate
foodstuffs than those free of such clinical findings.

Figure 4 is a summary of the relationship of the
musculoskeletal scores in terms of all nutrients
studied by the food frequency technique. The ad-
ditional point should be made that the nutrients
have been arranged in decreasing order of statis-
tical importance as determined by the t value .
Figure 4 deserves particular attention for four rea-

musculoskeletal sycptans and signs
(Cornell Medical Index Health Questionnaire )

Are your joints often painfully swrollen?
Do your muscles and joints constantly feel stiff ?
Do you usually have severe pains in the arnss or legs?
Are you crippled with severe rheumatism (arthritis)?
Does rheianatism (arthritis) run in your family?
Do weak or painful feet make your life miserable?
Do palns in the back inake it hard for you to keep
up with your work ?

Are you troubled with a serious bodily disability
or deformity?

Figure 2 . The eight musculoskelefal symptoms and signs utilized for
the development of the musculoskeletal disease proneness profile .

sons. First, it is clear that the percentage of total
calories derived from refined carbohydrate food-
stuffs (line 1) is number one in order of statisti-
cal importance. Second, it will be noted that anoth-
er measure of refined carbohydrate intake (calories
derived from refined carbohydrates) also followed
the same pattern (line 2) . Specifically, those with
no musculoskeletal symptoms and signs consume
approximately 389 calories from refined carbohy-
drates ; those with 1+ musculoskeletal findings 485
calories. This 25% difference is highly statistically
significant (t=3 .365, P<0.005) . Third, Figure 4
also points out other statistically significant rela-
tionships including pantothenic acid (line 3), vita-
min Bc (line 4), vitamin B12 (line 5), vitamin E
(line 6), vitamin A(line7), vitamin Bl (line 8),
vitamin B.2 (line 9), and vitamin B3 (line 10) . The
additional point should be made that these latter
items must be viewed as resistance agents because
the group characterized by no musculoskeletal find-
ings shows a higher intake of each of these vitamins .
This is in contrast to the refined carbohydrate de-
termination which suggests that this nutrient must
be viewed as a susceptibility factor . Fourth, while
other nutrients do not quite satisfy the five percent
confidence level (line 11 and below), they never-
theless follow a very logical pattern. For example,
the total carbohydrate intake (line 11) is higher
in those with musculoskeletal complaints than in
those without. The vitamin C daily consumption

relationship of percentage of total c bries derived
daily from ref i ned car6ohydrates ~food frequency
quest ionnaire] in terms of musculoskeletal symptoms
and signs [Cornell Medical Index Health Questionnaire]

21 .5

18.4

mean
percent of

calories from
refined
carbohydrates

[n=687] [m208]

0 1+

musculoskeletal symptoms

and signs

t :3 .440
P<0.001

estatistically significant difference of the means

March 1976 *

Figure 3 . The Felationship of the percentage of total calories
derived from refined carbohydrate foodstuffs (as established
from a food frequency questionnaire) versus the total number
of muscu!oskeletal symptoms and signs (as judged from the
Cornell Medical Index Health Questionnaire) . The 208 sub-
jects characterized by I-f- musculoskeletal findings report
a statistically significantly higher intake of calories derived
from refined carbohydrate foods .
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(line 12) is less in those with 1+ musculoskeletal
findings. The vitamin C pattern is duplicated with
calcium, phosphorus, valine, isoleucine, phenylala-
nine, protein, lysine, tryptophan, and others .

In summary, it appears from this binomial analy-
sis and utilizing a food frequency questionnaire,
that a number of nutrients appear related to the
musculoskeletal disease proneness profile. Sugar
and other measures of refined carbohydrates appear
as susceptibility factors ; a number of vitamins,
minerals, and amino acids must be viewed as resis-
tance agents.

Because of the newness of this subject and the
particular approach utilized, we thought it advis-
able to recheck our data by employing correlation
coefficients instead of the binomial analysis de-
scribed earlier .

For example, Figure 5 depicts the relationship
of the daily vitamin E intake (as established from
the food frequency questionnaire discussed earlier)
versus the total number of musculoskeletal symp-
toms and signs (as judged from the Cornell Medi-
cal Index Health Questionnaire previously ana-
lyzed) . Shown on the abscissa are musculoskeletal
symptoms and signs depicted as 0, 1, 2, and 3+ .

wisculoskeletal disease prrneeness profile
as determinerl from the Cornell Me1ica1

Irdex Health Questionnaire and a
food fraquency questionnaire

8
cOmplaints di ffer-

0 l+ ence t P

1] percen tage of total ml-
ories derived from re- 18 .4 21 .5 17 3 .440 <0 .001*
fina3 car6ohydratns

21 calories from refined
carLohYdrates 389 485 25 3 .365 <0 .005*

3) pantothenic acid (ms) 18 .0 16 .0 11 3 .206 <0 .005*
4) vitamin B6 (nqs) 4 .7 4 .2 12 3 .166 <0 .005*
51 vitanin B1Z (mrs )
6) vitamin E tIU)

13 . 3
80

11 .1 16 3 .137 <0 .005*
*

7] vitamin A(USP units) 19591
6 6

17235
18
12

3 .06 3
2 .985

<0 .00 5
c0 .005*

8] vit.arnin B1 (m3s) 5 .3 4 .4 18 2 .775 <0 .010*
91 vitamin B2 ( ,qs) 6 .4 5 .4 15 2 .626 <0 .010 *

10] vitamin B} (niacin) (rtqs) 71 59 17 2 .601 <0 .010 *
11] total car~hpdrate (~s) 180 197 9 1 .959 >0 .05 0
12] vitamin C (m9s) 334 313 6 1 .662 >0 .05 0
131 calciun (o 4 s) 1134 1063 6 1 .644 >0 .10 0
14] approximate refined car-

bohydrate intake ( lns) 74 87 17 1 .561 >0 .10 0
151 phosphorus (mqs) 1591 1528 4 1 .398 >0 .10 0
161 approzimate sugar per

day (teaspoons) 18.4 20 .4 11 1 .376 >0 .10 0
171 valine (n7s) 5474 5261 4 1 .306 >0 .10 0
18] isoleucine (sgs) 5316 5126 4 1 .229 >0.20 0
191 phanylalanine (m9s) 4283 4141 3 1 .216 >0 .20 0
20] protein (yms) 104 101 3 1 .062 . >0 .20 0
21] lysine (riys) 7047 6827 3 1 .035 >0 .200
221 tryptapharie Orys) 1175 1143 3 0 .995 >0.200
23] total calories per day 2020 2073 3 0 .956 >0 .200

241 threonine (ngs) 3885 3781 3 0 .936 >0 .20 0
251 iron (ngs) 32 30 7 0 .932 >0.20 0
261 total sodiun (m9s) 2815 2879 2 0 .861 >0 .20 0
271 iodine (m9 s) 0 .70 0 .68 3 0 .852 >0.200
28] 1encine (ngs) 7654 7492 2 0 .759 >0.400

29 7 ns'thionine (09s) 2273 2223 2 0 .712 >0.400
301 polyamsaturated fatty

acids 13 .7 13 .4 3 0 .609 >0 .500

31] ratio calciaq/pha:phorus 0 .71 0 .70 1 0 .567 >0 .500

32] fat (gas) 119 117 1 0 .477 >0 .500

33] percen tage polyunsaturatod
satnratd fat 14 .8 14 .5 2 G .468 >0 .500

341 f1 tootium (mas) 2070 2018 3 0 .388 >0 .soo

351 maqnesiun (~s) 326 322 1 0 .384 >0 .50 0

*statistically significant difference of the means

.11 19768

Figure 4. The musculoskeletal disease proneness profile as
determined from the Cornell Medical Index Health Question-
naire and a food frequency questionna!re . It is evident that
there are a number of statistically significant relationships
between various nutrients and the musculoskeletal profile .

Described on the ordinate is the mean daily vita-
min E intake expressed in International Units . It
is clear that those 792 subjects with no musculo-
skeletal symptoms and signs consumed the greatest
daily intake of vitamin E(30.5 IU) . Conversely,
the 23 subjects with 3+ musculoskeletal symptoms
and signs are consuming the least amount of daily
vitamin E (54.0 IU) . As a matter of fact, as the
number of musculoskeletal findings rise (moving
from left to right on the abscissa), the daily vita-
min E intake (on the ordinate) declines . Finally,
there is a statistically significant negative correla-
tion (r= -0.094, P<0.01) .

Hence, within the limits of this experiment, it
would appear that subjects with musculoskeletal
symptoms and signs are consuming relatively less
vitamin E than those free of such clinical findings .

Figure 6 is a summary of the relationship of the
musculoskeletal scores in terms of all nutrients
studied by the food frequency questionnaire. Ad-
ditionally, the point should be made that the nutri-
ents have been arranged in decreauing order of sta-
tistical importance as determined by the correla-
tion coefficient. Figure 6 deserves particular atten-
tion for four reasons . First, it is clear that the total
carbohydrate intake (line 1) exp:ressed in grams is
number one in order of statistical importance. Since
the correlation is positive, this suggests that the
higher the total carbohydrate intake, the greater
the number of musculoskeletal symptoms and signs .

relationship of daily vitamin E intake [food frequency
questionnai re] in terms of musculoskeletal symptoms
and signs[Cornell Medical Index Health Questionnaire]

80 .5

L67.
8 mea

n dai{y
vitamm 10

E
intake

54.0

n=23][n=792] [n=187] [n=54] [

0 1 2 3+

muscu6oskeletal symptoms and sign s

t= 2.399 t=0.087 t= 0.897
P<0.0250e P>0.500 P>0.400

e statistically significant correlation coefficien t

ea statistically significant difference of the means

March 1976 *

Figure 5 . The relationship of the daily vitamin E intake (as
established from a food frequency questionnaire) versus the
total number of musculoskeletal symptoms and signs (as
judged from the Cornell Medical Index Health Question-

naire) . As the number of musculoskeletal findings rise (mov-
inij from left to right on the abscissa ) , the daily vitamin E

intake ( on the ordinate) declines. There is a statistically
significant negative correlation (r = -0 .094, P <0 .01 ) .
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Second, it will be noted that other measures of re-
fined carbohydrate intake, such as the approximate
refined carbohydrate intake as expressed in grams
(line 2), the calories derived from refined carbo-
hydrates (line 3), the percentage of calories from
refined carbohydrates (line 4), and the approxi-
mate sugar per day as shown in teaspoonsful (line
13), also follow the same pattern . In other words,
there is a significant and positive correlation indi-
cating that the higher the refined carbohydrate
consumption, the greater the number of musculo-
skeletal findings . Third, Figure 6 also points out
other statistically significant relationships includ-
ing negative correlations for pantothenic acid (line
5), vitamin E (line 6), niacin (line 7), vitamin B,
(line 8), vitamin Bl (line 9), vitamin BIZ (line 10),
vitamin BZ (line 11), phosphorus (line 12), vita-
min A (line 14), and vitamin C (line 15) . In these
instances, the correlations are significant and nega-
tive, suggesting that, as the particular vitamin in-
take rises, the musculoskeletal findings decline .
The additional point should be made that these
latter items must be viewed as resistance agents
because the groups characterized by the higher vita-

mmxuilo®keletal disease proneness profile
as detexmined from the Cornell Medica l

Index Health Questionnaire and a

feod frequency questionnaire

r P

11 total cazbdiydrates (gss) +0 .174 <0 .01*

21 apptnximate refined carbohydrate
01 *0intake (~yas] +0 .171 < .

*31 calories from refined carbohydrates +0 .159 <0 .01

41 percentage of calories from refined
*carbohydrates +0 .143 <0 .0 1

51 pantot3en.ic acid (mgs) -0 .111 <0 .01*

61 vitamin E (LU .) -0 .094 <0 .01*

7] niacin (mgs) -0 .090 <0 .01 *

81 vitamin B (mgs) -0 .089 <0 .01*
*91 vitamin Bi (~s) -0 .088 <0 .01

101 vitamin B12 (n~) -0 .086 <0 .01

111 vitamin (mgs) -0 .080 <0 .01
*

1,21 phosphorus (mgs) -0 .073 <0 .05*

131 approxiuate sugar per day (tsps) +0 .071 <0 .05*

141 vitamin A (USP units) -0 .067 <0 .05*

15) vitamin C (mgs) -0 .063 <0 .05*

161 total calories per day +0 .049 >0 .0 5

171 calcium (mgs) -0 .045 >0 .0 5
18] isoleucine (mgs) -0 .043 >0 .0 5

19] total sodiun (ngs) +0 .043 >0 .0 5

201 valine (mgs) -0 .039 >0 .05

21) ratio Ca/P -0 .035 >0 .05
22] nethionine (mgs) -0 .033 >0 .05
231 phenylalanine (egs) -0 .033 >0 .05
241 tryptophane (mgs) -0 .033 >0 .0 5
25] iron (mgs) -0 .032 >0 .0 5
261 lysine (mgs) -0 .032 >0 .0 5
271 threonine (mgs) -0 .031 >0 .05
281 iodine (mgs) -0 .023 >0 .05
291 polyunsaturated fatty acids -0 .021 >0 .05
303 levcine (mgs) -0 .020 >0 .05
311 protei.p (cpns) -0 .018 >0 .05
321 potassium (cpts) -0 .014 >0 .0 5
33] paroentage polyunsaturated to

saturated fat -0 .012 >0 .0 5
341 nmagnesiun (mgs) -0 .011 >0 .0 5
351 fats (gms) -0 .006 >0 .05

*statistically significant correlation coefficient
April 1976t

Figure 6. The musculoskelefal disease proneness profile as
determined from the Cornell Medical Index Health Question-
naire and a food frequency questionnaire . If is apparent that
there are a number of statistically significant correlation-co-
efficients between various nutrients and the musculoskeletal
profile.

min intake show fewer musculoskeletal findings.
This is in contrast to the refined carbohydrate de-
termination which suggests that this nutrient is to
be viewed as a susceptibility factor. Fourth, while
other nutrients do not quite satisfy the five per-
cent confidence level, they nevertheless follow a
very logical pattern . For example, the total calories
per day (line 16) is a positive correlation as is total
sodium intake (line 19) . On the other hand, cal-
cium (line 17), isoleucine (line 18), valine (line
20), methionine (line 22), phenylalanine, trypto-
phan, iron, lysine, threonine, iodine, polyunsat-
urated fatty acids, leucine, protein, potassium, per-
centage polyunsaturated fats, magnesium, and fats
negatively correlate .

In summary, it appears from this correlation
analysis and utilizing a food frequency question-
naire that a number of nutrients appear related
to the musculoskeletal disease proneness profile.
Sugar and other refined carbohydrates rate as sus-
ceptibility factors; all vitamins examined and one

musculoskeletal disease pronerAss profile

as determined from the Cornell Medical
Index Health Questionnaire and a

food frequency questionnaire

corre -
lation binomial

analysis analysis

11 total carbohydrates (gns) 1* 11

21 approximate refined carbohydrat e

intake (cgns
) 31 calories from refined carbohydrates

2*

3*
14

2 *

4] pescentage of calories from refined
*carbohydrates 4*

5*
1
3*5] pantothenic acid (rtgs) * *61 vitamin E (I .U .)

6

7*
6

10*7] niacin (m7s) 8* 4*81•vitamin B6 (mgs)
9* 8*

91 vitamin B(rtgs)
10* 5*10] vitamin B12 (~) *

111 vitamin B2 (mgs) 11 9

121 phosphorus (mgs) 12* 1 5

131 approximate sugar per day (tsps) 13* 1 6

141 vitamin A(USP units) 14* 7*

151 vitamin C(®3s) 15* 12

16] total calories per day 16 23

17] calciun (mgs) 17 13

181 isoleucine (mgs) 18 18

193 total saiium (ngs) 19 26
201 valine (mgs) 20 17

21] ratio Ca/P 21 31

221 nethionirm (mgs) 22 29
231 phenylalanine (mgs) 23 1 9

241 tryptophane (mgs) 24 2 2

251 iron ( rtgs) 25 2 5
261 lysine(mgs) 26 2 1

271 threonine (vgs) 27 24

281 iodine (mgs) 28 27
291 polyunsaturated fatty acids 29 30
301 leucine (mgs) 30 28
311 protein (cpms) 31 20
321 potassiun (cpms) 32 3 4
331 percentage polyunsaturated to

saturated fat 33 33
34) magnesiua (m3s) 34 3 5
35) fats ( cyrs) 35 32

*statistic:ally significant relationshi p
July 19761 k

Figure 7. The musculoskeletal disease proneness profile as
determined from the Cornell Medical Index Health Question-
naire and a food frequency questionnaire . This summary shows
the rating of nutrients in terms of musculoskeletal symptoms
and signs as judged by the correlation coefficient technique
and by binomial analysis . While there are differences by the
two methods, there are striking and significant (r = 0 .880, P

<0 .01 ) relationships .
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mineral (phosphorus) must be viewed as resistance
agents.

Figure 7 is a summary of the relationship of mus-
culoskeletal symptoms and signs in terms of nutri-
ents as judged by the food frequency questionnaire
and as calculated by correlation analysis versus
binomial calculation. The various nutrients are
arrayed in order of decreasing significance. For ex-
ample, total carbohydrates expressed in grams (line
1) has the highest correlation coefficient and is
highly statistically significant. In contrast, by bi-
nomial analysis, it rates number 11 in importance
and is not significant. Figure 7 shows that there
are differences in the rating of nutrients in terms
of the musculoskeletal disease proneness profile .
However, there are also remarkable similarities .
For example, the calories derived from refined car-
bohydrates (line 3) rates as number three in terms
of correlation coefficient and number two as judged
by the binomial analysis, and by both methods the
relationship is highly significant. As a matter of
fact, the overall correlation coefficient between cor-
relation analysis and binomial analysis is +0.880,
P<0.01. In short, uti lizing these two different tech-
niques, there are striking significant relationships
between nutrients as judged by the food frequency
questionnaire and musculoskeletal symptoms and
signs measured by these two entirely different sta-
tistical devices.

relationship of daily niacin(vitaminB3)
[seven day dietary survey in terms of
musculoskeletal findings. Cornell Medical
Index Health Questionnalre ]

18 .8

mean
daily
niacm
intake 17. 2
(mgm •)

[n-775] [n=274]

0 1+

musculoskeietal symptoms
and sign s

t= 3.536
p<0 .001®

• statistically significant difference of the means

July 1976 ~

Figure 8. The relationship of the daily niacin intake (as es-
tablished from a seven-day dietary survey) versus the total
number of musculoskeletal symptoms and signs (as judged
from the Cornell Medical Index Health Questionnaire) . The
subjects characterized by I + musculoskeletal findings report
a statistically significantly lower intake of vitamin B3 .

Once again, because of the newness of the sub-
ject, it was felt advisable to recheck all data using
a different dietary survey. It should be recalled

that earlier data in this report were derived from
a food frequency questionnaire. Consideration will
now be given to a seven-day dietary survey, and
it will be compared to the musculoskeletal profile
as derived from the Cornell Medical Index Health
Questionnaire .

Figure 8 is a binomial analysis of the relation-
ship of nicotinic acid to musculoskeletal symptoms
and signs. It will be observed that those without
musculoskeletal findings (the stippled column)
consume approximately 19 mgs of vitamin B3 per
day; for those with 1 + complaints (black column),

the intake is 17 mgs . This eight percent difference

is highly significant (t= 3 .536, P G 0 .001) .

It would, therefore, appear that subjects with
musculoskeletal findings are more apt to consume
relatively less niacin than those free of such clinical
symptoms and signs.

Figure 9 is a summary of the binomial relation-
ship of the musculoskeletal scores in terms of all
nutrients studied by the seven-day dietary tech-
nique. Additionally, the point should be made that
the nutrients have been arrayed in decreasing order
of statistical importance as determined by the t
value. Figure 9 deserves particular attention for
four reasons. First, it is clear that nicotinic acid is
number one in statistical importance and must be
viewed as a resistance agent. Second, fat is number
two. Specifically, those consuming the lesser
amount of fat report the greater number of muscu-
loskeletal complaints . Therefore, fat must also be
recognized as a resistance agent because those con-

mmNloekeletal disease prorancss profile
as deWmaired from the Corrnll Nediral

Irdex Health Questionnaire and a
seven-day dietary survey

crnplaints differ-
0 1+ ence t P

11 niootinic acid (sqs) 19 17 8 3 .536 <0 .001*

2) fat (gre) 101 95 6 2.565 <0 .025*

31 iodirn Osgs) 0 .06 0 .05 9 2 .500 <0 .025•

4 1 ixm Osls) 14 13 5 2 .364 <0 .025*

5) total protein (gis) 100 95 5 2 .342 <0 .025*

61 aninel protein (9ns) 79 75 6 2 .327 <0 .025 *

71 psse 30 29 6 2 .207 <0 .050*

8) vitamin B1 (rtqs) 1 .0 0.9 5 1 .967 <0 .050*

9 1 total calories 1992 1920 4
4

1 .950
7871

>0:050
0 050

101 [~OSpbrvs (~a) 1 .4 1 .4 . .>
111 refin~ car6ohydrate

65 69 6 1 .510 >0 .100(9-)

121 vitamin A(N) 9604 8957 7 1.229 >0 .200

131 vitamin 62 (ngs) 1 .9 1 .8 4

137 4
1 .280
0964

>0 .200

>

151 tota l vitaffancarbohydrate (FSS) 158 161 2 0.893 >0 .20 0

161 unrefined carbdiydrate
94 92 2 0 .854 >0 .200(~ )

17 1 vitamin D(00 ) 91 87 5
22 1

0.584
0 .264

>0.500
>0.500

181 vegetable protein (gss) 2 2
37 37 1 0 .198 >0.500

191 acid
201 calciun (9 e) 0 .79 0 .78 1 0 .189 >0 .500

*statistically significant difference of the means

may 1976#

Figure 9. The musculoskele+al disease proneness profile as
derived from the Cornell Medical Index Health Question-
naire and a seven-day dietary survey. It is evident that there
are a number of statistically significant relationships between
various nutrients and the musculoskeletal profile .
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suming the greater amount of fat show fewer clini-
cal findings. Third, Figure 9 also reports other sta-
tistically significant relationships including iodine
(line 3), iron (line 4), total protein (line 5), ani-
mal protein (line 6), and vitamin Bl (line 8) . Final-
ly, even when some of the relationships do not
meet the five percent confidence level for statis-
tical significance, there are still interesting obser-
vations. For example, vitamin A intake (line 12)
is lower in those with musculoskeletal findings. This
is also true for vitamin BZ (line 13), vitamin C
(line 14), and vitamin D (line 17) .

In summary, it appears from this binomial anal-
ysis and utilizing a seven-day dietary survey tech-
nique, that a number of nutrients relate to the
musculoskeletal disease proneness profile . Specif-
ically, fat, protein and several vitamins and min-
erals must be viewed as resistance agents.

Figure 10 depicts the relationship of the daily
niacin intake (as established from the seven-day
dietary survey) versus the total number of mus-
culoskeletal symptoms and signs (as judged from
the Cornell Medical Index Health Questionnaire) .
Shown on the abscissa are the musculoskeletal
symptoms and signs depicted as 0, 1, 2, and 3 + .
Described on the ordinate is the mean daily niacin
intake expressed in milligrams. It is clear that
those 775 subjects with no musculoskeletal symp-
toms and signs consumed the greatest daily intake
of niacin (18 .8 milligrams) . Conversely, the 29 sub-
jects with 3+ musculoskeletal symptoms and signs
are consuming the least amount of daily niacin
(15.7 milligrams) . As a matter of fact, as the num-
ber of musculoskeletal findings rise (moving from
left to right on the abscissa), the daily niacin in-
take (on the ordinate) declines . Finally, there
is a statistically significant negative correlation
(r=-0.107, P<0.01) .

In the light of these data, it is fair to conclude
that subjects consuming the greatest amount of
niacin show the fewest musculoskeletal findings.

Figure 11 is a summary of the relationship of the
musculoskeletal scores in terms of all nutrients
studied by the seven-day dietary questionnaire.
Additionally, the point should be made that the
nutrients have been arranged in decreasing order
of statistical importance as determined by the cor-
relation coefficient . Figure 11 deserves particular
attention for four reasons. First, it is clear that the
nicotinic acid intake expressed in milligrams is
number one in order of statistical importance .
Since the correlation is negative, this suggests that
the higher the niacin intake, the fewer the number
of musculoskeletal symptoms and signs . Second, it
will be noted that other measures are also signifi-
cantly and negatively related indicating once again
that the higher the nutrient, the fewer the musculo-
skeletal findings. In the light of earlier definitions,

nicotinic acid (line 1) through total calories (line
9) must all be viewed as resistant factors because
the group characterized by the higher intake shows
the fewest number of musculoskeletal findings .
Third, it is noteworthy that the only positive cor-
relation, admittedly not significant, is refined car-
bohydrates . Lastly, while other nutrients do not

relationship of daily niacin (vitamin B 3)intake [seven da
y dietary survey] in terms of musculosKeletalsymptoms

and signs[Cornell Medical Index Health Questionnaire]

18.8
0.107

oo1 •
mean

ift

e Imgm.l

7ftlLj
[n=775] [n=190] [n=55] [n=293

0 1 2 3t

musculoskeietal symptoms and sign s

t= 2 .518 t= 2 .912 t= 2.624
P<0 .025•• P<0.005•• P<0 .01066

• statistically significant correlation coefficien t

•• statistically significant difference of the means
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Figure 10 . The relationship of the daily niacin intake (as
established from a seven-day dietary survey) versus thetotal
number of , musculoskeletal symptoms and signs ( as judged
from the Cornell Medical Index Health Questionnaire) . As
the number of musculoskeletal findings rise ( moving from
left to right on the abscissa), the daily niacin intake (on the
ordinate) declines. There is a statistically significant negative
correlation ( r = -0 .107, P < 0 .01 ) .

m>s ,~lloslceletal disease pronenees profile
as deGrsmined from the Cornell M®fliaal

lndex Health Questionnaire and a
seven-day dietary survey

r P

1] nicorinic acid (mgs) - 0 .107 <0 .01*

21 base - 0 .091 <0 .01 *

31 fat (gms) -0 .087 <0 .01*
4] iron (mgs) -0 .086 <0 .01*
51 total protein (gpns) -0 .083 <0 .01*
6) animal protein (gms) -0 .082 <0 .01*
7 1 iodine (ngs) -0 .076 <0 .05*
8] vitxnin B1 (mgs) -0 .071 <0 .05*
91 total calories - 0 .063 <0 .05*
101 vitamin C (Ings) -0 .051 >0 .05

11] vitamin D (IU) -0 .050 >0 .05
121 vicamin s2 (mgsl - 0 .044 >0 .05
13) unrefined carbohydrate (gms) -0 .033 >0 .05
141 acid -0 .025 >0 .05
151 vegetable protein (gms) -0 .024 >0 .0 5
161 re fined caxttohydrate (cptn ) +0 .022 >0 .05
17 1 vitamin A (ZO) -0 .016 >0 .05
181 phosphorus (gms) -0 .011 >0 .05
191 total carbdsydrat.e (gms) -0 .004 >0 .05
201 calciun (gms) -0 .003 >0 .05

*statistically significant mrrelation wefficien t
May 1976#

Figure II . The musculoskeletal disease proneness profile as
determined from the Cornell Medical Index Health Question-
naire and a seven-day dietary survey . It is apparent that
there are a number of statist)cally significant correlation
coefficients between various nutrients and the musculoskeletal
profile .
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quite satisfy the five percent confidence level, they
nevertheless follow a very logical pattern. For ex-
ample, vitamin C (line 10) is negatively related
and just misses being of statistical significance .

In summary, it appears from this correlation

analysis and utilizing a seven-day dietary question-
naire, that a number of nutrients appear related to

the musculoskelet al disease proneness profile. Spe-
cifically, fat, protein, total calories and several vi-
tamins and minerals must be viewed as resistant
agents.

Figure 12 is a summary of the relationship of
musculoskeletal symptoms and signs in terms of
nutrients as judged by the seven-day dietary ques-
tionnaire and as calculated by correlation analysis
versus binomial calculation. The various nutrients
are arrayed in order of decreasing significance . For
example, nicotinic acid expressed in milligrams

(line 1) has the highest correlation coefficient and
is highly statistically significant. Also, by binomial

analysis, it also rates number one in importance
and significance. Figure 12 shows that there are
differences in the rating of nutrients in terms of
the musculoskeletal disease proneness profile. How-
ever, there are also remarkable similarities . As a
matter of fact, the overall correlation coefficient
between correlation analysis and binomial analysis
is + 0.798, P<0.01 . In short, utilizing these two

different techniques, there are striking significant
relationships between nutrients as judged by the
seven-day dietary survey and musculoskeleta l

musculoskeletal disease proneness profil e
as determined fran the Cornell Medica l

Index Health Questionnaire and a
seven-day dietary survey

c^orre-
lation binanial

analysis analysi s

1] nicotinic acid (mgs) 1* 1*
2] base 2* 7*
3) fat (cyrs) 3* 2*
4] iron (mgs) 4* 4*
51 total protein ( gms) 5* 5*
6] animal protein (gms) 6* 6*
7 1 iodine ( vgs ) 7* 3*
8 1 vitamin B1 (rtgs) 8* 8 *
9] total calories 9* 9

191 vitaminC (trc3s) 10 1 4
111 vitamin D(IU) 11 1 7
121 vitamin B2 (mgs) 12 1 3
131 unrefined carbohydrate (gms) 13 1 6
141 acid 14 1 9
15) vegetable protein (gms) 15 1 8
16 1 refined carbohydrate (gms) 16 1 1
17] vitamin A(IU) 17 1 2
181 phosphorus (gms) 18 1 0
191 total carbohydrate (Tns) 19 1 5
20] calcium (m s ) 20 2 0
*statistically. significant relationship
July 1976.

Figure 1 2 . The musculoskeletal disease proneness profile as
determined from the Cornell Medical Index Health Ques-
tionnaire and a seven-day dietary survey . This summary shows
the ratings of nutrients in terms of musculoskeletal symptoms
and signs as judged by the correlation coefficient technique
and by binomial analysis . While there are differences by the
two methods, there are striking and significant ( r =-1-0.798,
P <0.01 ) relationships .

symptoms and signs measured by these two en-
tirely different statistical devices .

Discussion
It is appropriate to compare the findings out-

lined here with regard to the musculoskeletal dis-
ease proneness profile with other such profiles re-

ported elsewhere . For example, there is now infor-
mation in the literature regarding a predictive pro-
file for mental illness2, for oral pathology3, and
for the syndrome of . sickness4 .

The most glaring point to be made from a com-
parison of all of these proneness profiles is that
those factors which serve as resistance agents,
namely variables which protect against disease, are
the same regardless of the profile . Also, those ele-
ments which may be viewed as susceptibility fac-
tors, items which encourage disease, are also essen-
tially the same in every profile. It is true that the
order of priority may vary from one to another
proneness profile . Whether this is because there
are different priorities or whether the measuring
technique is such that being in fourth place on one
profile and in eighth place on another, is simply
a technical problem.

What is exciting is the fact that the musculo-
skeletal disease proneness profile, the first of its
kind as far as we can determine, indicates that a
number of dietary factors encourage and others
discourage clinical symptoms and signs .

It should be recalled that, after the initial studies
were performed, group health education lectures
were instituted providing the participants with
analyses of their own dietary habits and how they

could be improved. One year later, the dietary sur-
veys and the questionnaires were repeated . Hence,

by this method, it was possible to analyze the rela-
tionship of change in dietary habits versus change
in musculoskeletal symptoms and signs .

For example, Figure 13 is an analysis of the ef-
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Figure 13 . The effect of changes in the percentages of daily
calories derived from refined carbohydrates ( as measured

by the food frequency questionnaire) versus changes in re-
ported musculoskeletal symptoms and signs ( as measured
from the Cornell Medical Index Health Questionnaire) .
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feet of changes in the percentage of calories derived
from refined carbohydrate foods (as measured from
the food frequency questionnaire) versus changes
in reported musculoskeletal symptoms and signs .
One hundred sixty subjects (group 1) decreased
the percentage of calories from refined carbohy-
drates . In contrast, 103 (group 2) chose to increase
the percentage of calories from refined carbohy-
drates. Obviously, since group 1 was selected be-
cause they decreased and group 2 was chosen be-
cause they increased carbohydrate consumption,
there is a very high and significant change in groups
1 and 2 on the left in Figure 13 as pictured by
t=15.211, P<0.001, and t=13 .015, P<0.001 . An
examination of the columns on the right shows that
there was a reduction in number of musculoskeletal
symptoms and signs in both groups. However, the
decline was significant only in group 1 representing
the subjects who decreased the percentage of calo-
ries from refined carbohydrates . Group 1 (left) is
characterized by a decrease in daily calories derived
from refined carbohydrates, and the change is high-
ly significant (t=15 .211, P<0.001) . This is paral-
leled by a significant reduction (t=4 .744, P<0.001)
in the number of musculoskeletal symptoms and
signs. Group 2 is characterized by an increase in
the percentage of calories derived from refined car-
bohydrates. This is very significant as shown by
t=13.015 and P<0.001. This group does not show
a statistically significant reduction in musculo-
skeletal complaints as shown by t=1 .593 and
P<0.100 .

It would appear that, within the limits of this
study, changes in refined carbohydrate intake are
paralleled by changes in musculoskeletal findings ;
when refined carbohydrate increases, musculo-
skeletal symptoms and signs increase; when refined
carbohydrate decreases, the musculoskeletal pic-
ture improves.

Figure 14 portrays in pictorial fashion the ef-
fect of changes in the daily vitamin C intake (as

IaOonship.oi changes in vitemin C intake [Food Fr~ncy

Qtionnatre]~ rsu5 chang2s I. usGUloskel9tal symptoms

and slyns[Cor tl Medrcal Inder Health Questionnaire]
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Figure 14. The effect of changes in vitamin C intake° derived
from the food frequency questionnaire versus changes in
reported musculoskeletal symptoms and signs as ascertained
from the Cornell Medical Index Health Questionnaire.

measured from the food frequency questionnaire)
versus changes in reported musculoskeletal symp-
toms and signs. Three hundred nine subjects (group
1) increased the daily vitamin C intake. In con-
trast, 82 chose to decrease the daily vitamin C con-
sumption. Obviously, since the subjects (group 1)
were selected because they increased and those in
group 2 were chosen because they decreased vita-
min C, there is a very high and significant change
in groups 1 and 2 on the left in Figure 14 as pic-
tured by t=21.928, P<0.001 and t=9 .168, P<0.-

001. An examination of the columns on the right
shows that there was a significant reduction in the
number of musculoskeletal symptoms and signs in
both groups. However, the decline was much more
significant in the group characterized by the in-
crease in vitamin C as shown by t=5 .019 and
P<0.001 versus group 2 with t=2.452 and P<0.025 .

With and without a change in daily vitamin C
consumption, the musculoskeletal picture improves .
However, in the face of an increase in vitamin C,
the clinical improvement is much greater .

Figure 15 summarizes graphically the effect of
changes in daily vitamin E intake (as measured
in the food frequency questionnaire) versus changes
in reported musculoskeletal clinical findings . Two
hundred ninety subjects (group 1) increased the
daily vitamin E intake . In contrast, 73 (group 2)
chose to decrease the daily vitamin E consumption .
Since group 1 and group 2 were selected because
they increased and decreased the vitamin E intake
respectively, there are obviously very high and
significant changes in these two groups on the left
in Figure 15 ( t=17.571, P<0.001 and t=5 .071,
P<0.001) . A study of the columns on the right
shows that there was a statistically significant re-
duction in the number of musculoskeletal symptoms
and signs in both groups . However, the decline was
much more significant in group 1 characterized
by an increase in vitamin E (t=4.883, P<0.001 )
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Figure 1 5 . The effect of changes in daily vitamin E intake
determined from the food frequency questionnaire versus
changes in reported muscu[oskeletal findings as derived from
the Cornell Medical Index Health Questionnaire.
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than in group 2 subjects who decreased E intake
(t=2.251, P<0.050) .

It appears that the changes with vitamin E alone
are similar to the changes with vitamin C alone.
When vitamin E is increased, the clinical improve-
ment is greater.

The observations with changes in single nutrients
is marginal . In the case of the refined carbohy-
drates, the evidence seems clear that a reduction
in the calories derived from refined carbohydrat e

relNimehip of t~larqtja in rnueculoekaletsi findings in terms of
sn kwrew in deily vnamin C and vitamin E imake [food frequency
questionnairal
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Figure 16 . The effect of changes both in daily vitamin C and
vitamin E intake as determined from the food frequency
questionnaire versus changes in reported musculoskelefal
symptoms and signs as obtained from the Cornell Medical
Index Health Questionnaire . It is abundantly clear that, in
subjects increasing both daily vitamin C and vitamin E,
there is a highly significant reduction in the mean number
of musculoskeletal findings .

relationship of chan ges in muscu loskeletal findings in terms of
a decrease in dady vltamin C and vitamin E intake [food frequency
questionnaire]
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Figure 17 . The effect of changes in the daily intake of both
vitamin C and vitamin E as derived from the food frequency
questionnaire versus changes in reported musculoskeletal
symptoms and signs as measured by the Cornell Medical
Index Health Questionnaire . It is clear that,, in those subjects
decreasing both vitamin C and vitamin E, there is no statis-
tica{ly significant change in the mean number of musculo-
skeletal findings .

food nets a significant change in musculoskeletal
findings. This does not seem to occur in those in-
creasing the refined carbohydrate consumption .
However, with regard to vitamin C and vitamin E
alone, the evidence is not so clear though, statis-
tically, those increasing vitamin C and vitamin E
singly show a much more significant reduction in
musculoskeletal findings.

Since all nutrients are interrelated, the effect
of nutrient intake on musculoskeletal findings is
more pronounced when one looks at combinations
of the various nutrients. Figure 16 analyzes the
effect of changes both in daily vitamin C and vita-
min E intake as determined from the food frequency
questionnaire. It is very evident from this illus-
tration that there is a very marked reduction in
the number of musculoskeletal findings . In con-
trast, in Figure 17 where the mean daily vitamin C
and vitamin E intake was reduced, there is no sig-
nificant change in the mean number of musculo-
skeletal symptoms and signs. Hence, when studied
in combination, vitamin C and vitamin E are more
meaningful than when examined singly .

The evidence seems clear that the changes in
the musculoskeletal syndrome are more meaning-
ful when examined in the light of changes in both
vitamins C and E than when viewed singly . When
both vitamins C and E are increased, the musculo-
skeletal symptoms and signs significantly decline.
When both vitamins C and E are not increased,
there is no significant change.

Finally, Figure 18 shows the changes in the mus-
culoskeletal symptoms and signs in terms of a de-
crease in the percentage of daily calories derived
from refined foods along with an increase in vita-
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Figure 18 . The effect of changes characterized by a decrease
in the percentage of daily calories derived from refined
carbohydrates in conjunction with an increase in both vita-
min C and vitamin E intake as measured by the food fre-
quency questionnaire versus reported musculoskeletal symp-
toms and signs as measured by the Cornell Medical Index
Health Questionnaire . It is clear that in those subjects de-
creasing sugar intake and increasing both vitamin C and
vitamin E intake there is a statistically significant reduction
in the number of musculoskeletal complaints from 0 .4 to 0.22
with a t=4 .653 and a P<0.001 .
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min C and in vitamin E . It will be noted in Figure
18 that the mean number of musculoskeletal find-
ings is literally cut in half . In contrast, Figure 19
shows the changes in the mean number of musculo-
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Figure 19 . The effect of the combined changes characterized
by an increase in the percentage of daily calories derived
from refined carbohydrates along with a decrease in both
daily vitamin C and vitamin E as determined from a food
frequency questionnaire versus the clinical changes in re-
ported musculoskeletal findings as determined from the
Cornell Medical Index Health Questionnaire . The evidence
shows that in those subjects increasing sugar intake along
with a reduction of vitamin C and vitamin E there is no
statistically significant change in the mean number of mus-
culoskeletal findings .

skeletal findings in subjects increasing the percen-
tage of daily calories from refined carbohydrate
.foods in connection with a decrease in both vita-

mins C and E. The answer is no change at all.

There is no question but that the musculoskeletal
syndrome significantly improves when refined car-
bohydrates are reduced and vitamins C and E are
increased. On the other hand, there is no change
in the musculoskeletal findings when refined car-
bohydrate is not reduced and with no increase in
vitamins C and E . E
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