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Introduction
There is now suggestive evidence that

vitamin C may be essential to the welfare
of many systems. Accordingly, an attempt
will be made in this report to answer the
following five questions:

1. What is the frequency of reported car-
diovascular findings in a presumably
healthy population?
2. What is the daily ascorbic acid intake in
this same group?
3. Is there any relationship between the fre-
quency of reported cardiovascular symp-
toms and signs and daily vitamin C con-
sumption?
4. What changes in this frequency of re-
ported cardiovascular symptoms and signs
occur following a one year experimental
period during which group nutritional im-
provement instruction sessions were con-
ducted?
5.What are the possible significances of
these findings?

Method of Investigation
In 1965, a multiple testing health pro-

gram for members of the health professions
was inaugurated under the auspices of the
Southern Academy of Clinical Nutrition. In
1969, the project was extended to include
a group designated as the Southern Cali-
fornia Academy of Nutritional Research,
and a third group was organized under the
aegis of the Ohio Academy of Clinical Nu-
trition. In 1971, a fourth segment was
added under the direction of the Northeast
Academy of Clinical Nutrition. Finally, in
1972, a fifth group was started under the
guidance of the Northern California Acad-
emy of Nutritional Research.

Six hundred fifty-seven dental practi-
tioners and their wives were evaluated ini-

tially and at each annual subsequent visit
between 1965 and 1972 in terms of reported
dietary patterns and clinical state.  A clini-
cal score for cardiovascular symptoms and
signs was derived from the Cornell Medical
Health Questionnaire (CMI). Section C (13
questions) relates to the cardiovascular sys-
tem. The distribution of positive (patho-
logic) responses for the five examination
sessions is summarized in Table 1 (p.167).
The daily vitamin C intake was also obtained
from a food frequency query at each visit.
This pattern is shown in Table 2, (p.168). It
became clear that many of the participants
were consuming large amounts of refined
carbohydrate foodstuffs, suboptimal
amounts of protein and relatively small
quantities of vitamins and minerals. The
therapeutic regimen consisted of several
brief nutritional seminars showing the di-
etary deficits and measures for dietary im-
provement

Results
Question One: Table 1 summarizes the

frequency of reported cardiovascular find-
ings for the entire sample at the initial ex-
amination and for all patients at the four
subsequent periods. For the moment, it will
be noted that on average, each subject ini-
tially reported 1.21 positive cardiovascular
responses. Hence, in answer to the first
question, reported cardiovascular symp-
toms and signs range from zero to nine
with a mean of 1.21 in this particular and
unique sample of the population.

Question Two: Table 2 outlines the
daily vitamin C consumption for the entire
sample at the first analysis and for those at
the four subsequent examinations. The av-
erage intake initially is 294 mg/day. Accord-
ing to the Food and Nutrition Board of the
National Research Council, the recom-
mended intake for the male is 60 mg/day
and the requirement for the female (at that
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time) was 55 mg/day. On this basis, about
95% of the subjects are consuming ad-
equate amounts. Hence, according to the
Recommended Dietary Allowances, and in
answer to the second question, this group
is consuming approximately four to five
times more vitamin C than is officially rec-
ommended.

Question Three: Table 2 shows that 657
subjects participated at the initial exami-
nation and 225, 116, 64 and 12 at subse-
quent annual sessions, making a total of
1074 experiences. Figure 1, (p.170) pictures
the association between the frequency of
reported cardiovascular symptoms and
signs (on the abscissa) versus the daily
ascorbic acid intake (on the ordinate). On
a mean basis, there is a progressive decline
in cardiovascular findings which parallels

an increase in daily vitamin C consump-
tion. It is clear, in answer to the third ques-
tion, that there is a low but statistically
significant negative correlation coefficient
(r=-0.096, p<0.01), meaning that the higher
the daily vitamin C intake, the fewer the
cardiovascular findings.

Question Four: Following the initial
survey, as previously noted, health educa-
tion lectures were provided to the group,
and these were repeated annually. This in-
cluded discussions of the existing dietary
patterns and possible changes that could
and should be instituted. On an annual
basis, the entire group was reexamined by
the techniques (clinical and dietary) previ-
ously mentioned

It is relevant to point out that well over
three-fourths, actually 77.8% of the group,

Number
of Cardio-
vascular First Second Third Fourth Fifth
Findings visit Visit visit visit visit

.0 273 108 53 27 7
1 186 65 40 23 3
2 97 32 16 9 2
3 47 7 6 3 0
4 22 10 0 1 0
5 18 2 1 1 0
6 7 1 0 0 0
7 5 0 0 0 0
8 1 0 0 0 0
9 1 0 0 0 0
Total 657 225 116 64 12
Mean 1.21 0.91 0.82 0.92 0.58
t 3.018 0.783 0.626 1.026
p        <0.005* >0.400 >0.500 >0.200
Minimum 0 0 0 0 0
Maximum 9 6 5 5 2
Range 9 6 5 5 2

Table 1. Reported cardiovascular findings.

*Statistically significant difference of the means. March 1973
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increased the daily vitamin C intake be-
tween the first and second visit (Table 3, p.
169). The changes between subsequent vis-
its are also shown.

Table 1 tabulated the cardiovascular
scores at each examination period. It will
be noted that, initially, the mean cardiovas-
cular score was 1.21; one year later, the
average score was 0.91. The mean values
were 0.82, 0.92 and 0.58 for the third, fourth
and fifth annual examinations, respectively.
Thus, overall, there was a statistically sig-
nificant decline in clinical symptoms and
signs between the first and second exami-
nations.

For these and other reasons, it was
thought expedient to reexamine the data
in terms of the changes in reported cardio-
vascular findings with regard to changes in
vitamin C consumption. Specifically, 290
subjects (Group 1), for whatever reason,
decided to increase their daily ascorbic acid
intake (Figure 2, p.171). For this group, the

mean initial daily vitamin C ingestion was
239 mg. One year later, the amount was 423
mg. Obviously, in this Group 1, the t value
(22.159) is highly significant (p<0.001). It
will be noted in Figure 2 that in this same
group, the mean cardiovascular score de-
creased from 1.19 to 0.89 during the same
experimental year. It is evident that this
change is statistically significant (t=3.939,
p<0.001).

In contrast, 88 individuals (Group II),
for whatever reason, decided to reduce or,
at least, not increase daily vitamin C intake.
Figure 2 shows that the average daily ascor-
bic acid consumption decreased from 409
to 318 mg/day. Obviously, by selection, this
is a statistically significant change
(t=10.566, p<0.001). Interestingly enough,
there was no statistically significant altera-
tion in the reported cardiovascular picture
(t=1.884, p>0.050). Thus, in answer to the
fourth question, the addition of vitamin C
appears to contribute to the reduction in

Daily
Vitamin
C intake First Second Third Fourth Fifth
(mg) visit visit visit visit visit

<55 18 2 0 0 0
55-60 8 0 0 0 0
>60 631 223 116 64 12
Total 657 225 116 64 12
Mean 294 351 387 4 72 550
S.D. 180 179 201 157 116

t 4.075 t.644 3.094 1.602
p <0.001 >0.100   <0.005* >0.100

Minimum 15 42 71 139 297
Maximum 881 923 1120 885 719
Range 866 881 1049 746 422

Table 2. Daily vitamin C consumption.

*Statistically significant difference of the means. March 1973
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cardiovascular symptoms and signs.
Question Five: Two interdependent

points bear on the response to this final ques-
tion. First, in the final analysis, health or dis-
ease is a function of the environment and the
organism’s capacity to cope with the external
milieu. The latter ingredient is termed host
resistance and susceptibility. Analytically, re-
sistance may be viewed as any agent (in this
case, vitamin C) which, when administered,
tends to discourage the development of dis-
ease. When absent, however, it encourages
disease. For instance, vitamin B1 (thiamin)
may also be regarded as a resistance agent for
its administration tends to minimize the de-
velopment of beri-beri, and its absence causes
it. In a sense, therefore, resistance agents are
pluses. In contrast, a susceptibility agent in-
vites disease when present and discourages
the development of disease when it is with-
drawn. Thus, sugar, for example, is to be
viewed as a susceptibility agent or a minus.
Parenthetic mention should be made that an
agent is never a resistance factor for one dis-
ease and a susceptibility factor for another.
Since vitamin C is known As a resistance agent

for scurvy, it would seem that it should be a
resistance agent for other syndromes. If sugar
is a susceptibility agent in the mouth, it is
likely the same for the whole body.

It is well to evaluate ascorbic acid as a
resistance or susceptibility agent with regard
to the early development of cardiovascular
pathosis. Figure 3, p.172 attempts to pictori-
ally portray this situation. Shown on the or-
dinate is the mean daily vitamin C consump-
tion. This group characterized by no cardio-
vascular findings consumed, on the average,
338 mg vitamin C daily (the darker bar). In
contrast, the group characterized by one or
more cardiovascular symptoms and signs
consumed a mean of 323 mg vitamin C per
day. The difference is statistically not signifi-
cant (t=1.406, p>0.100). A restudy (Figure 4,
p.172) of 0 versus 2+ cardiovascular symp-
toms and signs shows a significant distinc-
tion (t=2.196, p<0.050). Thus, in answer to the
final question, the evidence suggests that vi-
tamin C may be viewed as a resistance agent
for cardiovascular disease because its addi-
tion tends to reduce the possibility of pa-
thosis.

Increased Decreased
Intake Intake

Between [Percentage] [Percentage]

First and second
examination 77.8 22.2

Second and third
examination 84.3 15.7

Third and fourth
examination 71.0 29.0

Fourth and fifth
examination 54.5 45.5

March 1973

Table 3. Changes in Reported Daily Vitamin C Consumption.
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Summary and Conclusions
Six hundred fifty-seven dental prac-

titioners and their wives were studied on
one occasion in terms of reported daily
vitamin C consumption and reported car-
diovascular symptoms and signs. A por-
tion of this group was reexamined annu-
ally over a five-year period. From this
group it was learned that 290 subjects
were found to increase their ascorbic acid
intake while 88 reduced their vitamin C
consumption. Five points are apparent.
First, there is a low but statistically sig-
nificant negative correlation between daily

ascorbic acid intake and cardiovascular
findings. In other words, as vitamin C
intake rises, cardiovascular symptoms
and signs decline. Second, following group
nutritional seminars, cardiovascular symp-
toms and signs decline during subsequent
years. Third, during this same time period,
ascorbic acid consumption rises. Fourth, a
significant reduction in cardiovascular find-
ings occurred in the group characterized by
an increase in vitamin C intake. In contrast,
the group demonstrating a decrease in
ascorbic acid consumption did not show a
statistically significant reduction in cardio-

mean
daily
vitamin C
intake
(mgm)

Figure 1. The relationships of the number of reported cardiovascular symptoms and signs
(horozontal axis) versus mean daily reported vitamin C consumption (vertical axis). There
is a low but statistically significant (r= -0.096, P <0.01) negative correlation coefficient,
meaning that the greater the vitamin C consumption, the fewer the cardiovacular findings.

[n=468] [n=317] [n=156] [n=133]

r= -0.096

p< -0.01*

relationship of daily vitamin C consumption versus
number of cardiovascular symptoms and signs.

336338

308
309

number of reported cardiovascular
symptoms and signs

*statistically significant difference of the means
March 1973

0 1 2 3+
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vascular findings. Finally, the evidence sug-
gests that vitamin C may be viewed as a re-
sistance agent for cardiovascular disease be-
cause its introduction tends to discourage the
appearance of cardiovascular symptomatol-
ogy. The point should be made that in this
demonstration, the dominant change was one

of ascorbic acid. Other nutrients may be
similarily involved.

mean
daily
vitamin C
intake
(mgm)

Figure 2. The relationships of change in daily vitamin C intake to change in cardiovas-
cular state. In Group 1, ‘characterized by an increase in daily ascorbic acid There is a
significant reduction in cardiovascular symptoms and signs. In contrast, in Group II
characterized by a decrease in vitamin C during the experimental period, there is no
significant change in cardiovascular state.

[290][290] [88][88] [290][290] [88][88]
group I group II group I group II
t-22 159 t-10 566 t= 3.939 t= 1.884
P<0.001* P<0.001* P=0.001* P>0.050
+77% -22% -25% -20%

first examination

second examination

relationship of change in daily vitamin C intake food frequency questionnaire
to change in reported cardievascular finding, (CMI)

409

239

318

1.13

mean
number
of reported
cardiovascular
findings

*statistically significant difference of the means
August 1973

0.09

1.19

0.89

423

Reference
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Figure 3. The relationship of reported daily vitamin C consumption (as judged by the
food frequency technique) and the frequency of reported cardiovascular findings. The
group of subjects with no cardiovascular symptoms or signs (darker column) shows a
higher daily mean vitamin C intake (338 mg) than the group with 1+ cardiovascular find-
ings (lighter column). However, the distinction is not statistically significant.

mean daily vitamin C consumption food frequency questionnaire
in terms of reported cardiovascular Symptoms and signs

mean
daily
vitamin C
intake
(mgm)

[n=469] [n=605]

0 1+
number of reported cardiovascular symptoms and signs

*statistically significant difference of the means
April 1973

t=1.406
p> 0.100

338

323

Figure 4. The relationship of reported daily vitamin C consumption (as judged by the
food frequency technique and the frequency of reported cardiovascular findings. The
group of subjects with no cardiovascular symptoms or signs (darker column) shows a
higher daily mean vitamin C intake (338 mg) than the group with 2+ cardiovascular
findings (lighter column). Hence, by definition, vitamin C may be regarded as a resist-
ance agent since its addition discourages disease.

mean daily vitamin C consumption [food frequency questionnaire
in terms of reported cardiovascular Symptoms and signs

mean
daily
vitamin C
intake
(mgm)

[n=469] [n=289]

0 2+
number of reported cardiovascular symptoms and signs

* statistically significant difference of the means
September 1973

t=2.196
p< 0.050*

338

309



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




