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on over 65 years of age. This proportionate inc-
ates the problem of malntaining the health and

s of the older segment of the population. It is
that much can be done to maintain the health of the
by adequate nutrition. Since little is known of the

. X

'iﬁmgl status of the aged, it 1s first necessary to

~ The use of blood analysls to determine nutritional

is coming into more and more use. There has been

er methods of analysis adapted for small amounts

od are being used. Since nutritional investigations
,ﬁﬁﬁmm these methods snd among the aged are few, a
‘réambining the two seemed of wvalue. Too, no study of

: ature among aged subjects at high altitudes was found
n,literature.

Because of the foregoing reasons, i.e., an increase

bercentage of older people, the need for nutritional

What are the values of selected factors of nutri-

significance in the blood of a representative group



‘ggalzsig.--l. What are the values for

. What factors explain any differences or
ound?

e &

" What is the possible effect of food habits?

subjects lived independently of other families,
Institutions. Accordingto the health histories

'
']

1l subjects kept a record of their diets the day

first blood sample was taken. Other information



habits was secured. The diets were

1e guilde for classification.

ertip blood samples were analyzed for hemo-
beyte count, hematocrit, plasma ascorbic acid
gravlty of the plasma. The samples were

lce, at an interval of one week, at the same

‘alkaline hematin method for the determination

lobin was employed. Samples of' blood for the erythro-
yere diluted with Hayem's solution and the counts

ban'improved counting chamber. Hematocrit was

a mlcro-method. Sméll bore capillary tubes,

| millimeters, were partially filled with

- at 2700 revolutions per minute for 45 minutes.

of packed red cells were messured on a centimeter



the method. The "typical" diets by
pison to the "Basic 7" showed that all

‘the subjects had ostensibly inadequate

%ﬂ values for erythrocyte count and hema-
er than those for young or aged subjects
les. Altitude was probably one of the pri-
counting for the higher values. The heuo-
re presumably within the normal range. The
ascorbic acid of the plasma were comparable
Qﬂemhat lower than, the values for young

1l in other surveys. Howsver, the mean ascorbic
flﬂwer than that of aged subjects on a cont-
dtutional diet. The study showed that the
11id hot have citrus fruit or tomatoes in their
' tended to have lower plasma ascorbic acid

mean value for the specifiec gravity (indicating

Of the plasma was below the normal range for adults.

8 were poor, they appeared to be adequate in



.and enriched fat, and next in order
ts and vegetables. In many of the
ables were caten often enough but not

‘ ii&a@ to glve the recommended allowances.
§géts showed that milk and enriched

sed.

indicated that mass nutritional study

. more careful planning and more time
among younger subjects. Methods using

found to be fezsible for this age group.

‘study 1s needed on ths hematocrit and hemo-

dy indicated the need for furtner nutri-

ons of large numbers of older subjects

8 in order to establish standard values.
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Chapter I
NTRODUCTICN

Much stress has been lald upon studies of
nutritional status during the past few years. The
National Research Council (22) has become concerned
over the widespread dietary inadequacies revealed by
these surveys. Most of the studies have been con-
ducted among young adults with comparatively few among
aged peovle.

However, aged people constitute a big problem
in this country. There is a vopulatlion shift toward
people aged 65 years. The United States Census for
1940 (43:2) showed that there were slightly' more than
nine million people over the age of 65, or 6.9 percent
of the total population, an increase of 35 1/5 percent
since 1900. Stieglitz (39:13-14) implied that this
sltuation ereated the problem of maintaining the health
and ugetrulness of these new millions.

The blood values for a few well chosen items
may show a somewhat gencral nutritional plcture. They
may retlect the value to the body oi the many lngested
nutriencts which are furnished by individual foods we

consume.
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lutritional studies utilizing blood values are
less subject to personal subjective error and are less
time consuming than detailed dietary studies which
involve weighed diets and their chemical analysis. They
also obviate muéh training and effort on the part of the
subject. The latter are often reasons for falling to
obtain cooperation and for failing to get accurate results
in nutritional studies.

Among factors which are commonly measured in
blood samples for nutritional status studies are ascorbic
acid, hemoglobin, plasma protein, hematocrit and to a
lesser extent, erythrocyte count. Ascorbic acid is
widely used for the determination of the quality of some
foods, and it 1s assumed that the ascorbic acid value of
the blood 1is an indication of the quality of these foods
eaten and the value of them to the individual's body.
Since anemlia may result from various nutritional
deficiencies, blood values for hemoglobin, hematoerit
and red blood cell count, if abnormal, may denote some
nutritional deficiencles and/or pathological conditions.
It is commonly accepted by medical workers that hemo-
2lobin and red blood cell counts are higher at higher
altitudes. (Todd and Sanford, 41:217; Miller, 19:1174;
Lurie, 17). However, information on blood values of
supposedly normal older subjects at 5600 feet 1s needed.

The protein content of the blood is of significance




because 1t reflects, to some extent, the protein
utilization of the body.

Colorado is cooperating on a regional
nutritional study which was recently started in Cregon.
Methods adapted to the use of small quantities of
fingertip blood were used. Since no other state in the
reglon has started a study of older people, it will be of
value to determine the workabiiity of these methods and
the reactions of older people to this type of nutri-
tional study.

Because of the foregoing reasons, i.e., an
increase 1n the number of older people, the need fopr
nutritional studlies and the establishment of blood

alues at 5000 feet for older people, and the import-
ance of testing newer methods on this age group, this
study was initiated.

The problem

What are the values of selected factors of
nutritional significance in the blood of a representa-
tive group of aged people living in the same community?

Problem analysis~~l. What are the values for

ascorblc acid, hemoglobin, plasma protein, hematocrit
and erythrocyte count for this group as determined on
fingertio blood?

2. Are-thesc methods of blood analysis,

adapted for use on small amounts of blood, feasible for
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nutrition field studies among thls age group?

3. How do these values compare with
published values for the same age group?

4, How do the values compare with published
values for different age groups?

5. Do values show any trends with age?

6. What factors explain any difference or

ginilarities found?

T. What is the possible effect of food habits?

Delimitation.--This investigation was limited

to 25 men between the 2ges of 7O and 80 living independ-

ently at 5000 feet altitude.
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Chapter II

- REVIEW OF LITERATURE

Numerous surveys of nutritional status using
blood values as indices have been made. Almost all
of these surveys have been conducted on young adults.

A few pertinent studiés are reviewed below:

Several large-scale state and reglonal
nutritional studies of college students have been made.
Brovn et al. (2).in the western region made a survey of
the ascorbic acid nutrition of college students. The
mean plasma values for men were found to be significantly
lower than those of women. Fifty percent of thes women
and 75 percent of the men had values below 0.8 milligrams
of ascorbic acid per 100 milliliters of plasma. This
value, 0.8 milligrams, was considered "normal". Ohlson
et al. (24) reported the blood values for a survey of
college women of the North Central region. They
eoncluded that the normal values for hemoglobin,
erythrocyte counts, and hematocrit must be interpreted
a8 a range wider than those recorded by earlier studies.
Sheets and Barrentine (36) of Mississippi surveyed
College men and women. The average values for hemo-

globin were lower than those reported by other
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investigators. The erythrocyte counts were within

normal limits, but were also low. Dodds and MacLeod (5)
reported a study of ascorble acid nutrition among
Tennesse= college women. They found that the mean values
and distribution of the values for ascorbic acid agreed
well with other surveys on similar population groups.

In Alabama, MeMillan and Todhunter (18) found that

37 percent of the college women they surveyed had
gsatisfactory values for both nutritional factors, hemo-
globin and ascorbic acid. They found that there was no
correlation between the hemoglobin and plasma ascorbic
acid values of the same individual, 1.e. that one did not
affect the other. Donelson et al. (8) reported the

total findings of the midwestern survey. (The hemato-
lozleal phase of this survey was reported earlier by
Ohlson et al., 24). They concluded that the mean hema-
tocrit, hemozlobin, and erythrocyte counts were within
normal limits, but that the mean ascorbic acld values were
low for the group of college women studied.

High altitude causes some change from normal
blood values at sea level. Lurie (17) conducted some
research at 5740 feet altitude in South Africa with 30
People of each sex. He reported that hemoglobin,
erythrocyte counts and cell volume were proportionally

higher at that altitude, as compared with normal data
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at sea level.

A relatively small number of blood studies,
nutritional or otherwise, have been conducted with
elderly subjects.

An outstandling series of studies has been
carried on among this age group by Rafsky and Newman
(28-24). However, even though the subjects were con-
sidered "normal", they were confined to a home for the
aged. They (33) determined the blood levels of ascorbic
aclid and conducted a saturation experiment with 25 aged
gsubjects 65 to 83 years. They found that the overall
average for plasma ascorbic acid (0.72 milligrams percent)
before dosage was somewhat below the range considered
normal for young adults. Newman and Gitlow (23) used
subjects from the same type of institution for hemato-
logical study of 50 aged males and females. Hemoslobin,
erythrocyte c¢ount, packed cell volume and corpuscular
constant values tended tc be lower than those found by
other investigators of younger subjeets. Fowler et al.
(11) conducted a hematological study among 100 elderly
hospital patients free of any serious debilitating
diseases. Seventy-three subjects were men and 27 women,
of which the overall average age was 71.3 years. Their
Study showed a slight reduction from normally accepted
Values for young adults in hemoglobin, erythrocyte and

hematocrit. Miller (19) made a study of 150 men between
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the ages of 60 and 104 years. The subjects were from the
New York City Farm Colony (presumably for the aged). He
found that the hemoglobin and red blood cell count de-
ereased in the gged; and that the decrease in hemoglobin
was proportional to the decrease in red blood cells.
Sstieglitz (39:818) reported the values for 156 healthy
men 50 years and older. The average values for erythro-
cytes (4.60 million) and hemoglobin (14.22 grams) were
lower than the values for younger people, but still with-
in the normal range.
Birker (3) reported that the total hemoglobin
increases in old age; also that the values for women
ﬂ} tended to approach the values for men. He attributed
:J'these changes to more difficult breathing, changes in
heat regulation, and in women, cessation of the sex
cycle.
The reliability of the methods and the inter-

i pretation of experimental data in studies of the above

. type are constantly being reviewed in an effort to
:i arrive at more normal standards. Concerning ascorbic
acid, opinion differs as to the significance of the
Gl Plasma values. Todhunter and Robbins (42) stated that
plasma agcorbic acld was possibly a more rellable lndex
- of ascorbic acid nutrition of an individual than urinary

eXcretion because it was not subject to so many dally

Variation. Smith et al. (38) also found that daily
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variations in intake were not apparent unless they were
of considerable magnitude. Dodds and MacLeod (7) found
that ascorblc acid plasma vaiues gave little indication
of the present intake of the vitamin. In a later study
by these same authors (6), they confirmed this theory
and stated that the intake of ascorblc acid cannot be
narrowly defined by the »plasma values. Johnson et al.
(15) stated that blood ascorbic acid values give compar-
éble results regardless of the time of day the sample is
taken. Evidence by MecMillan and Todhunter (18) showed
that there is less than 0.20 milligrams average
variation of the plasma value of any one person on non-
consecutive day sampling. They also pointed out that
there is no generally accepted standard for hemoglobin
or ascorbic acid. Haines et al. (14) indicated that
plasma levels of ascorbic acid reflect the stores and
Intake over a period of time rather than the immediate
Intake.

In view of the many surveys of supposedly
normal people that reveal low blood values for ascorbic
.acid, Munsell et al. (20) made a noteworthy comment:
that low levels of ascorbic 2cid in the blood for those
used to a low ascorbic acid diet is not indicative that
they should have scurvy.

In spite of the controversy over interpretation

of data, ascorbic acid values continue to be used and
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have ylelded valuable infeormatiocn about ascorbic acid
nutrition.

The determination of protein values in blood
plasma or serum are commonly used in studies as an index
of protein nutrition of the body. Hypoproteinemia is
found in a number of abnormal conditions. Muntwyler (21)
stated that hypoproteinemia is encountered in liver,
kidney, and bone diseases, in chronic infections and in
malnutrition. Frisch (12) snowed that nutritione@l edema
in rats was assoclated wlth markedly reduced levelé of
gerum protein. Graafland (13) found that hypoproteinemia

resulted from a low calorie diet even though sufficient

| animal protein was glven. His hypothesis was that the

protein was used for caloriles.
A number of methods for determining the amount

of protein in the blood have been perfected. Many of

| these methods are long, tedious and impractical for

survey work. The use of specific gravity to delermine

| bPlood protein is one of the more simple, Adams and

Ballou (1) attested to the reliapility of this method by
stating that the specific gravity method of determining
Plasma and serum protein was comparable to the micro-

| Kjeldanl method.

Hence, 1t has been found that blood studies of
4l 1n§ependent aged subjects have been scanty ;nd inadequate.

;f The studies among aged subjects showed that values for
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~ plasma agcorblc acid, erythrocyte count, hematocrit
?
and hemoglobin have tended to be lower, with on
A e

. exception, than those values accepted as normal for young

1 adults.




Chapter III
MATERIALS AND METHCDS

In order to ascertain the values for the blood

| of aged individuals the following materials and methods

| were used.

| Subjects

Twenty-five active men between the ages of 70

| and 80 were used in the experiment. The subjects were

| selected upon the bases of age, health, degree of activity

{-and willingness to participate in the experiment. All
sub jects were active enough to take care of themselves.
None were mentally deficient or dependent upon others

for their personal care. All subjects lived independ-
-entlw, i.e. were not living with other families, rela-

| tives or in an institution. They were all Fort Collins

* residents.

Progpective subjects were called upon to explain
t the experiment and to obtain their cooperation in the

| 8tudy. If they agreed to participate a second visit was
| made. At this time, the health history was cbtained, the
| food record was explained and appointment times for the

f'blood collection were made.
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Food record

A one day dlet record was kept By the subjects
the day before the first blood sample was taken. The
subjects were given instructions to "write down everything
you eat during that day; everything you put in your mouth
and swallow". Later, the author went over the menu with
the subject and filled in any omitted detalls. The menus
were copiled on food record sheets (see Appendix A) and
summarized together with other information (Appendix B).
All amounts of the recorded food were suggested by the
subject or were the author's interpretation of amounts

from graphic description. ‘These amounts were then trans-

?; lated into terms of servings. Each dlet was evaluated in

terms of servings and classified as Grade 1, 2 or 3

» according to the following plan.

Grade 1% Grade 2 Grade 3
(Minimum servings)

Whole grain or (Cne
enriched cereal serving
products. 2 2 less of

Vegetables and/or anything
fruits 4 2 in a

Citrus fruit or Grade 2
tomatoes 1 diet)

Meat or protein
substitute 1l=——c¢cither

Eggs per week 3

Milk 2 1.

Fat (enriched) 2 (1) 1.%%)

* One serving less of any one constituent in a
Grade 1 dlet was allowed for daily variation.

The diet classific=tions, Grade 1, 2, and 3,

Jdenoted the quality of the diets of the subjects. A
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}erade 3 diet is obviously inadeguate. A Grade 2 diet,

Fat the minimum, 1s not adequate but still not poor. A
fkerade 1 diet would probably meet minimum adeguate stand-
Eﬁards. Detailed analysis was not justified because only
i ene day food recérds were feasible in this study.

i‘gpalth histories

Health histories (see Appendix C and D) were
Ewmadical exanination or detailed medical records. Data were
}ject. Although the gulde sheet contained technical terms
ﬁas a space-saver, the questions were asked in laymen's

| terms such as, "Have you ever had any kidney trouble?" The
mBubjects were cooperative and the data were considered
i&ecurate accounts of the subject's knowledge of his health
hbistory. The subject's word was talten for his age, height
Fand weizht.

The records were modeled after those used in a
¥regiona1 study of nutritional status being conducted

 eurrently in the western states and were modified for this
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Bave only one sample. The blood samples were taken very

;1098 to the same time each day and all were within one and
a half hours variation.
There were several reasons for taking two samp-

Hes. A large number of subjects could not be used because

farbper age. A great deal of time was required to contact

e

"i'd interview each new subject. A second blood collection

iﬁ«terviews. Two blood samples were thought to be worth-
jh;ile as a check on the values determined and as an indica-
ftion of the variability of the values.

The blood was taken from the fingertip after the
}#fnd had been warmed well with hot water. A registered
f;@chnician pricked the finger with a Bard-Parker blade and
i;gsisted with blood collection. As much free flowlng blood
as possible was obtained and if that wasn't enough, the
&inger was squeezed gently.

Methods of analysis of blood (In order of collection)

Hematocrit.--Small bore capillary tubes

ﬁld four inches long, were dipped in about one half inch
deep finely ground potassium and ammonium oxalate in the
ratio of 2 to 3 by weicht, respectively. The excess
[OXalate was tapped out of the tubes. Tubes were part-

ielly filled with blood directly from the finger,
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?ieaving about one half inch on elther end for sealing.
ighe tubes were laid aside until after all the rest of
kthe blood had been collected. They were then sealed
 iith plicene cement and labeled with a small adhesive
| tape with the suﬁject's number. The samples were centri-
| fuzed for forty-five minutes at 2700 revolutions per
hminute. Relative volumes of packed cells and plasma
 ware measured with a centimeter ruler, using the same
j;ruler for all samples. Readings were taken to the
fnearest tenth of a centimeter. Values were expressed in
;1percent.

| Ascorbic gcid.~--Fingertip blood was collected
] in small blood vials about one fourth inch in diameter
 and one half inch in length. Two drops of two percent
(potassium and ammonium oxalate solution (ratio 2 to 3)
fﬁ@re dried previously in each tube. They were measured
}1nto the vials by means of a roughly calibrated 5 cublc
Emillimeter constricted pipette. One drop was equal to
bapproximately 5 cubie millimeters of oxalate solution.
?The tubes were filled one fourth to one third full of
wblood with special care taken to prevent clotting durilng
ucollection. The samples were corked immediately and
}yrefrigerated at all times except when beinz handled.

|
i

They were analyzed for reduced ascorbic acid

| By the Farmer and Abt micro-method (9) within six hours
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after collection. One determination per sample was made.
The dye used in the determination was diluted daily from
stock solution that was made fresh weekly. The diluted
dye was standardized daily against pure ascorbic acid
solution that was made fresh every 48 hours. Metaphos-
phoric acld solution was made fresh weekly. The ascorbic
aclid solution, dye, and acid used were refrigerated
except when in use. Values for ascorbic acid were
expressed as milligrams per 100 milliliters plasma. The
accuracy of the method was checked by a recovery test.
The recovery tests averaged 102 percent recovery of
ascorbic acid which was within the limits of experimental
error.

Erythrocyte count and hemoglobin.--Blood

samples for these two determinationswere collected last
and were interchangeable in order according to the size
of the drop of blood on the end of the finger. Most
samples were taken directly from the finger. If the
subject bled profusely and the blood did not clot too
rapidly, the blood was allowed to drop into a spot plate
from which it was measured. The blood samples for
erythrocyte determinations were diluted with Hayem's
solution and counted on an improved counting chamber,
(Todd and Sanford, 41:215-228). Once a week, one chamber
was recounted in a different order to check the aceuracy

of the count. The counting was found to be accurate.
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Hemoglobin was determined by a combination of
alkaline hematin methods (Storvieck, 40, and Coleman, 4).
A 20 cublc millimeter marked Adams pipette was used.
Four milliliterstof one percent ammonium hydroxide was
the diluting solution. The optical density of éhe samples
were read on a Coleman spectrophotomster set at a wave
length of 542 according to the null method. Samples were
corked, but not refrigerated, until read. Samples were
read within one hour after collection.

The pipettes used for hemoglobin measurement
were checked for content and found to be within the
limits of experimental error. ;

Plasma protein.--Determination of the specific

gravity as a measure of the plasma protein was first
attempted with a gradient tube according to the method of
Lowry and Hunter (16). Thnis proved unsuccessful so the
cooper sulfate method of Phillips (25) was used. The
plasma used was elther the excess from the ascorbic acid
blood vial or the plasma from the hematoerit tubes. Since
the amount of oxalate was too small to change the readings,
correction was not made for oxalate. A pyknometer was used
to check the specific gravity of the copper sulfate
solutions.

Precautions ussd in blood collection

Special precautions always had to be followe

to avoid difficulty with hemolysis. Preliminary work show-

ed the 'necessity for the followinz measures:
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The hematocrit tubes must be well tapped free
of excess oxalate to prevent hemolyslis. Also, they
must not be filled too full or the heat from the plicene
cement used in sealing will cause hemolysis. When
collecting the blood in the vials, the blood collection
ghould be interrupted at least once to rotate the tube
so that the blood will become well oxalated throughout
the tube. One drop deficiency or excess of oxalate
solution caused trouble with either clotting or hemolysis
respectively. Too strenuous squeezing of the finger to

extract blood also caused hemolysis.




Chapter IV

RESULTS

The results of the analysis of the fingertip
samplies of blood from elderly male subjects, and
observations from their diet records and health histories
are presented below.

Blood studies

The mean values for erythrocyte count, specific
gravity of the plasma, hematocrit and reduced ascorbic
acid for each of the subjects for the two samplings are
given in Table 1. The subject's age, helght and weight
are also recorded in this table. The individual values
are tabulated in Appendix E. The means, ranges and
standard deviations are recorded in Table 2. The
distribution of the mean value for erythrocyte counts,
plasma specific gravity and hematocrit are illustrated
in Figure 1 according to the freduency in different
intervals. #11 mean values are an average of two
determinsations, except where marked.

The ages ranged from 70 to 78 years with the
mean age being 73.5 years. The mean value for erythro-
cyte counts was 5.556 million cells per cubic millimetep.

Nine of the subjects had mean values between 4.80 and




Teble l.-~NUMBER, DESCRIPTION AND MEAN BLOOD VALUES OF SUBJECTS

Sub ject Age Height Veight ZErythrocytes Plasma Ascorbic Hematocrit
number years (1) pounds million (2) acid (3) percent
2 70 5-5 165 5:11 1.020° 1.22° 53
P Ry g 70 5-7 1656 5,69 1.020° 0.16 49
°) 70 5=-10 185 5.5 1.021 0.74 49
30 71 5-9 155 68.79 1.022° 1.19° 50
25 0 5-6.5 174 4,99 1.,020° 0.18* 45°
24 72 5-9 200 5.39 1.023° 0.84° 47
o 72 5-8 152 5.92 1.017" 0.43° o5
23 72 5=-7 146 5.50 1.01¢9° 1.60 50
22 72 5-1.5 120 8.17° 1,020° 0.58° 48
16 72 o5=-7 116 5.128 1.020 0.25 49
32 72 5-9.5 184 .41 1.022 1.12 o6
20 73 5=7 140 5.58 1.023° - 48
13 73 5-9 150 5,83 1.019 1.33 46
14 73 o-4 130 6.21 1.020 0.82 44
4 74 5-5 120 6.17 1.023° 0.47° 47
29 74 5=-9 170 5.21 1.020° 0.94 L4
; 5 74 5-7 162 D79 1.023 0.77 48
21 76 6-0 170 5.12 1.017* 0.20 48
7 76 5-10 155 4.80 1,021 0.52° 49
31 76 6-1 150 0.953 1.024 0.60 45
12 76 5-8 145 5.60 1.020 0.28 48
3 77 5=-5.5 2056 0«98 ——— 0.43° 59
28 Y o 5=-7 120 5.28 1.023 0.40 49
5 78 5-10 180 5.14 1.024° 0.11 5"
6 78 5-10 l62 5.64 1.028° 0.14 46

(1) Feet and inches
(2) Specific gravity
(?) Milligrems per 100 milliliters plasma

Unly one value




VALUES FOR CONSTITUENTS IN THE BLCOD
CF Af} oD SUBJECTS.
Factor Mean Range Standard Deviation
Erythrocyte count 5.556 4.80-6.41 0.426
(millions)
Plagma specific
gravity 1.0212 1.017-1.028 0.00122
Ascorbic acid 0.608 OsXled 0. 38%
(milligrams
per 100 milli-
liters of plasma)
Hematocrit 49.0 44-59
vercent

J.72
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5.30 million per cubic millimeter; LO between 5.51 and
5.90 million; and six between 5.91 and 6.45 milliion
per cupblc millimetsr. The range was 4.80 to 6.41
millions, the standard deviation was 0.462 miilion.

Hemoglobin values are not given individual.iy
pbut are discussed in the following chapter.

The mean hematocrit value was found to be
49 percent. The range was 44 to 59 percent. Thirteen
subjects had values which fell between 44 and 49; nine
between 49 and 54; and three between 54 and 59 percent.
The standard deviation was calculated to be 3.7 percent.

The mean value for specific gravity of the
plasma was 1.0212 or 4.59 grams of protein per 100
milliliters of plasma. All except one value was helow
normal. The individual values clustered very closely
around the mean. The range was 1.017 to 1.028 and the
standard deviation 0.0012.

The mean value for reduced ascorblc acid was
0.61 milligrams per 100 milliliters of plasma. The mean
values of'the two samples for each subject ranged from
0.11 to 1.33 milligrams per 100 milliliters of plasma.
Eight subjects had mean values between 0.1l and 0.42
milligrams; six between 0.43 2nd 0.72; six between 0.73
and 1.03; and four between 1.04 and 1.33 milligrams. The

standard deviation was 0.383 milligrams per 100 grams.
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Health records

All subjects except three were found to be in
good health and cuite active for thelr ages. Two of
these had more limited activity because of "bad backs".
OCne of these waé under a doctor's care; the other was
not. The third was still under a doctor's routine
supervision after having a golter removed six months
ago. In spite of these things, the subjects considered
themselves in fairly good health. Two of these subjects
were on restricted diets advised by their physicians.

In all, general condition of the subjects was
found to be good. The record of the past and present
diseases showed that all were free from serious debili-
tating ilinesses. Colds were the most frecuent complaint
and most of the subjects had had pneumonia sometime
during thelr lives. Most cases of the latter occurred
at the time of the first world war.

Food records

Two ot the 25 subjects had Grade 1l diets and
two subjects had Grade 2; the rest (21) had Grade 3 or
poor diets. No subject's diet was deficient in cereal
products. Fourteen subjects did not have any citrus

fruit or tomatoes. The dietary items in which the

1. For explanation of grades see page 19.
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ma jority of subjects were deficient were milk and
enriched fat; next in order of deficlency were fruilts

and vegetables. In many of the diets, fruits and
vegetables were eaten often enough but not in large
enough quantities to glve the recommended allowances.
Most of the subjects' diets showed th:at milk and enriched

fats simply were not used.
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Chapter V
DISCUSSION

Cn the whole, the mean values for the blood
constituents determined in this study are not comparable
to any one other study. The mean erythrocyte value
(5.556 million cells) was most comparable to the value
reported by Lurie (17). At 5740 fect, he found an
average value of 5.593 million cells per cubiec millimeter
in the blood of young adult males. His subjects were
younger and the altlitude slightly higher than Iin this
study. The average red cell count and hematoerit found

in the present study were higher than those reported in

(e g

other studies of young adults which have been reviewed.
Part of the difference can be accounted for by_rea?on of
the fact that most of these studies were conducted with
women who normally have lower values. But the difference
cannot be accounted for entirely in this manner. The
difference in altitude probably is the one most influent-
ial factor.

The results of this study do not agree with the
results of other studies amons the aged. Using Osgood's
and Wintrobe's normal standards of 4.6 to 6.2 million

2

cells per cubic millimeter (average 5.4 million),
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Miller (19) found that values for his aged subjects were
- slightly low, (range 3.5 million to 5.5. million cells,
with an average of 4.6 million). All of his subjects
were males. The values that Stleglitz (39:818) gave are
almost identical with those of Miller (19). 1In 2 study
by Fowler et al. (11), the average erythrocyte count for
males (4.561 million cells) was comparable to the values
of Miller (19). The mean hematocrit was stated as 41.7
percent of the total blood volume. Rourke et al. (35)
stated the normal hematocrit range as 40-54 percent.
According to Phillips (25:Figure 3) normal hematocrit
values for men range from 42 to 51.5 percent. This
clasgifies Fowler's value as low, but within normal
limits. Newman and Gitlow (23) found the mean values
among aged men for erythrocyte count was 4.42 million and
for hematocrit 41.2 percent. Their erythrocyte value is
lower than those in the findings above among aged sub-
Jects, but the hematocrit value 1s comparable to that
found by Fowler et al. (1ll). In the present study, the
mean values for erythrocyte count (5.556 million) and
hematocrit 49.0 percent were considerably higher tha
thoge values in Investigations of the aged quoted above.
These differences between the values found in this study
~and other studies of the aged may be because of the

difference in altitude and probably partially because of

the health of the individuals. It would seem that active]
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independent men might have higher blood values than men
in institutions and hospitals by virtue of the fact that
they are healthy enocugh to live by themselves.

It was found that there was considerable color
fading within the first hour when determing hemoglobin
by the described method. The method (Storvick, 40)
stated that accurate results could be obtained within the
first three hours. However, toward the end of the
experiment, it was noticed that values were higher if
read sooner. Further study showed that hemoglobin
samples did not fade consistently at the same or differ-
ent concentrations. Therefore, no accurate correction
could be made for fading. The last few samples were
read lmmediately. Subjects could not be brought to the
laboratory again for re-determination of the hemoglobln
because of the 4ifficulty in contacting them. The mean
of the hemoglobin values as determined uncorrected for
the study was within normal limits but‘toward the lower
end of the range. Correction to approximate the true
values would raise the averdge considerably. No indivi-
dual values at either sampling were markedly low. The

alues for the last few samples which were read immed-

o

idings, it

e

lately were consistently high. From these [
1s probable that the hemoglobin values for thess aged
subjects are within the normal range.

The specific zravity of the plasma in the
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pregent study was found to be markedly low according to
Phillips (25:Figure 3). His normal ranze was set from
1.0255 to 1.0283. The mean value for this study was
1.0212. Since.none of the subjects suffered from any
serious debiliﬁating disease to the best of their know-
ledge, these diseases would probably not be the primary
factor accounting for the low values. None of the sub-

"typical" diets showed a marked lack of protein.

jeet's
However, most of the diets were clasgsified as Grade 3 or
poor diets and the possible effect on the plasma protein
1s not known. The few subjects that had good diets did
not have higher plasma protein values. Hypoproteinemia
is common in serious kidney disease. Stieglitz (39:659)
stated that in aged subjects hypoproteinemla is most
frequently caused by digestive disorders, anorexia,
nausea and vomiting, and injudicious limitation of
dietary protein. He spoke of these causes as contribu-
ting to edema in acute nephritis. Whether or not such
minor non-chronic iliness alone can cause hypoproteinemia
in older people in supposedly good health 1s cquestion-
able. Since no test for proteinuria was made in this
study, its influence is unknown. Hypoproteinemia may

be an accompaniment of the aging prdcess and influenced
by poor absorption of food. Since studies of hypo-
proteinemia in aged subjects have not been discovered

in the literature by the writer, it seems that further
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study in this fileld 1is necessary.
Todd and Sanford (41:439) considered 0.9 to 1.5

milligrams of ascorbic acid per 100 milliliters of

plasma a norma; value. Donelson et al. (8), Purinton

and Schuck (27), Fincke and Landquist (10), Prunty and
Vass (26) used 0.8 milligrams percent as normal.
McMillan and Todhunter accepted 0.80 milligrams or above
as an adequate state of ascorbic aclid nutritlion and below
0.40 to 0.50 milligrams percent as a state of moderate
depletion of tissue stores and below 0.4 milligrams a
state of fairly marked depletion but not tissue exhaus-
tion. Rourke, et al. (35) considered 0.4 to 1.0 milli-
grams percent for fasting blood as "normal". This may
be "normal® in that the majority of values fall within
this range but in the lower limits can hardly be
indicative of tissue saturation. Accepting 0.8 milli-
grams and above as normal, O.4 to 0.8 as a denletilon,

and below 0.40 as marked depletion, the mean value, 0.61
milligrams percent, fof agscorbic acid in the plasma in
his study is low. However, 1t is comparable to the mean
value of 0.66 milligrams percent of young adults found by
Donelson et al. (8), the mean of 0.67 milligrams percent
for collegsz frezhmen found by Dodds and MacLeod (5), and
0.65 milligrams by MclMillan and Todhunter (18). The
elderly subjects of Rafsky and Newman (33) had been on a

good diet in an institution for some time. This more or
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bless controls dietary habits and accounts in part for
the higher mean value of 0.72 milligrams percent before
the saturation tests began. Still the findings of all
these studies reveal values below the accented standard
~for adequate ascorbic acid nutrition. The study of
Rafsky and Newman (33) may indicate that aged people on
a good dlet have lower plasme ascorbic acid values than
expected by reason of the lowered absorption and utili-
zation and the general slowling down of the bodily pro-
cesses.

This study was conducted in the early spr

)_Jo
o |
(03]

in a season in which there were few fresh vegetables and

fruits on the market and most of them were quite expen-

(0]

sive. This unavallability of cheaper fruits and vege-
tables rich 1in ascorbic acid accounts in part for the low
values of the subjects. Over half of the subjects had
no citrus fruit or tomatoes in their "typical® diets and
tended to have lower plasma ascorbilec acid values than the
other subjects. These poor diets may bs, in part,

explained by the unavailability of fresh fruits and

vegetables and partly because of poor distary habits.

{

Although extreme care to prevent hemolysis was taken, it
sometimes occurred and might acecount for the lowering of
the values (Simmons and Gentzkow, 37:248).

It was found that the mean erythrocyte counts

and hematocrit values of this study were within the
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upper margins of the normal range for adults at lower
altitudes. The mean plasma specific gravi£ies and
reduced ascorbic acid values were markedly below the
normal range for young adults.

From this study with aged subjects it seems
improbable that a mass study of aged subjects could be
conducted on "assembly-line" basis as ezasily as similar
studies with young adults. Each subject requires a
good deal of time, especially for interviewing. 0ld
people, living alone as these subjects were, had an
abundance of time and could not be hurried without
sacrificing thelr cooperation. Therefore, this type of
subject must be handled with extreme care if his coop-
eration 1s to be gained and maintained.

The actual blood taking could be done rapldly.
Methods used in analyzing the blood were found to be
feasible and satisfactory for thls age group. fowever,
further work'is needed in standardizing the hemoglobin
method and in comparing the micro-method with the macro-
method for hematocrit.

This study was intended to be of a preliminary
nature aﬁﬂ further study on a great number of subjects
is needed in order to establish normal values for blocd
constituvents in elderly pecple of known dletary history

living at hizher altitudes.
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Chapter VI
SUMMARY

Since there is a disproportionate increase in
the number of older peopnle in this country and few studies
on thelr nutritional status have been carried out, this
study was planned. It also sesmed of lmportance to test
some newer methods of nutritional investigation on this
age group.

The oﬁject of thls experiment was to determine
the values for selected factors of nutritional signifi-
cance in the blood of men aged 70 to 80 living at 5000
feet altitude. Health histories and diet records were
also to be obtained to help in the interpretation of the
data.

Two samples of blood from each of 25 subjects
were analyzed for hetéglobin, erythrocyte count, hema-
tocrit, plasma ascorblc acid and plasma specific gravity
by methods applied to fingertip blood. The samples were
taken a week apart. The mean values were: red cell
count 5.556 million cells per cubic millimeter of blood;
hematocrit, 49.0 percent; ascorbic acid, 0.61 milligrams
.per 100 milliliters of plasma, and plasma specifiec

gravity, 1.0212. The mean values for erythro-
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cyte count and hematocrit, were higher than those for
young or aged subjects at lower altitudes. Hence,
altitude 1s probably one of the factors which explain
the higher valqes obtained.

The mean values for ascorbic acld of the plasma
were comparable to, althouzgh somewhat lower, than the
values for young adults as found in other surveys. How-
ever, the mean ascorbic acid value was lower than that
of aged subjects on a controlled good institutional diet.
Poor food hablts are partially responsible for the low
plasma ascorbic acid values of the studies subjects,
especlally since many of the subjects 4id not eat citrus
fruit or tomatoes. The mean value for the specifie
gravity of the plasma was below the normal range for
younz adults. These values could not be explalined by
the incéidence of serious chronic diseases.

Mags nutritional study of aged subjects necds
more careful planning and more time than similar studies
among younger subjects, but are still feasible.

Further study of the blood constituents of

aged subjects living at 5000 feet altitude 1is indicated

by this study.
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Appendix A.--FCOD RECCRD SHEET

Name bate
Month Day Year
Adress Age Sex

Years Months

FOCODS EATEN Ol
Day of week

Food Amount Food Amount

BREAKFAST

BETWEEN BREAKFAST "AND NCOCN MEAL

NOON MEAL

BETWEEN NOON AND EVENING MEAL

EVENING MEAL

AFTER EVENING MEAL

=

SUPPLEMENTS
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Appendlx Be.--SUMMARY OF MENU

BASIS: Basic T (Recorded in servings; %+ cup taken as
serving for cooked fruits and vegetables.)

Whole grain or enriched cereal products
Potatoes - -
Green or yellow vegetables
Other vegetables

Citrus frult or tomatoes
Other fruit

Meat or meat substitutes
Milk

Eggs/ week

Fat (enriched) teaspoons of

GENERAL QUESTIONS:

Number of meals/ day
Glasses of water/ day
Meal intervals Regularity of meals

Food dislikes, allergies, idiosyncracies

Eating difficulties

Vitamins

Laxatives

Medicines



( appendix C.

Namé
Age Place of birth

gondition of:

eyes

teeth

skin

hearing
Degree of activity
Sleep-av. no. hrs./day
Exercise - kind

Symptoms of malnutrition:

Incidence of disease

Severity

Severity

HRS 7

NUTRITION STATUS STUDY
COLORADO
HEALTH RECORD

Height

sound

amount

Present
Duration

Past
Duration

NO.
Date

Weight

or Pitful

Comment.s

Comments



Appendix D. HEALTH RECORD GUIDE SHEET
(Not to be written on)

Condition of:

eyes
abnormal discharge of tears

night blindness

abnormal intolerance of light
burning or itching of eyes
spots in front of eyes

teeth
sore bleeding gums
cavities
dentures
no. of teeth condition of:

skin
dry and wrinkled
color
burning or prickling of skin

hearing
ablility to hear

Symptoms of malnutrition:
lack of appetite
lagsitude or chronic fatigue
recent loss of weight
lack of mental aprlication
loss of strength
nervousness and irritability
burning or prickling of skin
musele and joint pains

Incidence of disease
.Hay fever
Pneumonia
Colds
Sinusitis
Influenza
Abnormal blood pressure
Diarrhea
Constipation
Frequent digestive disturbances
Rheumatism or arthritis or others
Nephritis
Hepatitis
Tuberculosis
Heart disease
Diabetes
Peptic ulcer Cancer




Appendix E,--INDIVIDUAL VALUES FOR THE BLOOD CONSTITUENTS OF ALL

SUBJECTS CLASSIFIED BY AGE

Sub jeet Age Erythrocytes Plasma Hematocrit Ascorbic Menu —
number years million (1) percent acid (2) evaluation
Semplings 1st _ 2nd  1lst 2nd 1st 2nd 1st  2nd
2 '?0 4.94 5.29 — 10020 51 49 = 1022 5
17 70 5.4’7 5091 Sweies 1.020 49 g 0014 0018 3 #
9 70 6,28 4,76 1,023 1.020 48 50 0,96 0,52 3 #
26 71 4,45 5,59 - 1.020 45 == - 0.18%" 3
30 71 6,19 5.39 1l.024 1.020 50 49 -- 1.19 S #
24 72 4,89 5,89 - 1.023 52 42 0.84 - 1l
27 72 5.25 6,59 -— 1,017 57 654 - 0.43° 3 #
23 72 5.34 5,66 - 1,019 50 == 0.80° 1,80 3 #
22 72 6.17 i 1.020 o 48 —_— 0058° Ll 3
16 72 5.89 4,63 1,020 1,021 48 50 0.10° 0.40 2
20 73 5.98 5.78 -- 1.023 51 45 - - 3 #ffandf#
13 73 .18 5.88 1.020 1.018 49 44 1.,45° 1.28 3
14 73 6.20 6.43 1,020 1.020 47 42 0.86 0,78 3
29 74 4,60 5,83 - 1.020 45 42 0,87 1l.01 S
4 74 6,82 5.53 - 1.023 47 47 -- 0.47 3 #
& 74 6,09 5.42 1.024 1.023 48 47 0.61° 0.94 3 ##
21 76 4,48 5,76 - 1.01% 44 52 0.11 0.29 3 #
7 76 4,87 3,73 1.020 1.023 49 49 -~ 0.52 3 #
31 76 5.82 5,24 1.024 1.024 46 46 0.96 0.24 .
12 76 6,15 5,05 1.020 1.020 50 45 0.289 0,37 3 #
3 77 5.19 6.80 - - 59 == - 0.43 3
28 77 4,64 5,92 1.024 1.023 48 50 0.58 0.28° 3 #
5 78 4,94 5,33 == 1.,02¢ =-- B3 ~-- - ABR 5
6 78 5.,46 5.82 - 1.028 48 45 0.04° 0.25°* 3 #

# No eitrus fruit or tomatoes

## Restricted diet.

® Slight hemolysis

°® Hemolysis (2) Milligrams
liters of plasma,

(1) Specific gravity

er 100 milli-

5} %
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