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ABSTRACT 

There is an increase in the percentags of the 

population over 65 years of age . This ·)roportionate inc ­

re~se cre~~es the 9roblem of ~aintainin: the health and 

usefulness of the older segment of the po:ulation . It is 

thought that much can be done to maintain the health of the 

a<'.)ed by adequ~te nutrition . Si nce l i ttle is kn01.m of the 

nutr itional status of the aged , it is first necessary to 

set up standards by W:'."'.ich to evaluai:.e the nutritional state 

o:' this grovn . 

,.rhe use of blood analysis to deter 0 ine nutritional 

stJ.':-us is cominf into more and mo1~e us, . There has been 

started in the west , a large re3ional nutritional study in 

wh i.ch newer ,1et:1ods oi' analysis adaote 1 for sir.all amounts 

of b l ood are beinc used . Since nutritional in\esti~ations 

both wi th these metL1ods 'tnd a ,~ on3 the a,::,ed :J,re f ew , a 

study combining the two seemed of value . roo , no study of 

this nat',1.re a :ions 9.5ed subjects at hi5h 3.l ti tudes ,vas found 

in the literature . 

~ecause of the foresoing reasons , i . e ., an increase 

in the percentase of older people , the need for nutritional 

stu~ies ~nd the establishment of blood va1 ues at 5000 feet 

for old.er peo ~le , 'ind the i ':'l~ort .nee of testing newer r,1eth ods 

on this a~e :rou~ , this study waq initiated . 

"!:'he nr o'.Jlem 

~hat are the v~lues of sel2cted f3ctors of nutri­

tional significanc ~ in th2 blood of a ~epresentative 6roup 



of ~~ed 1 01lc livin~ in the same com unity? 

l'ro le..:1 :::.,;_1"lvsis .-- l .• ·what are tbe values for 

ts:-"'r:.., 10 ·,c:.d , he1~:1 0 i·, pl1.srna _Jrot,ein, h.::m1toc::'it and 

eryt::r:cytc count for this e::-r-0·1 ... u.s det :r·r .. ined. on fin:erti.9 

blood? 

2 . ora these mot~oJs of blood analysis , ad~Jted 

fer use o:'." s 'lr .. 11 '3.:nounts of 'olood, faasicle for nutrition 

fisld ~tudi ~~en t~is ~:e 5roup? 

3 . :-fow do these v-:i.lues co .. 1pare with _publis'c1ed 

v1.luoc- fer the s - r.e 3.Ge gr·oup ? 

L Eow do t'~e vs,lues coLt)are wi tl:. ~)ub.1. is .1ed 

v1.lues for di:fere t a~e rouus? u .• 

.:J · Do values s''OW any trends with a~:e? 

5 . ~The.,~ f'lctors expl:1.in 3.ny differenc - s or 

si.111:rities found? 

7 . ~1~ is the Joss ibl: ef:ect of food habits? 

DeliT1t~tion .--~his inves~i~a~ion was li ~ited to 

25 .. :en bstween c,:1e a.:::es of 70 md 80 l::.v in 2: :'...n 4eJendently 

at 50CO feet altitude . 

The subjects liv ~j independently of other families , 

rel 1. tiv es Oi., ins ti tu tions . .;ccording to the hee.l t:1 histories 

they re-_;orted. , al 1 men were in :;ood heal t,'1 and considered 

t·1e"!'1.:lves uell 1.n'l active for their a:;e s . 

~11 subjects kept a record o~ their diets the day 

before t':e first >lood 1 t ' v - s~~J e w~s ~:en . Cther infor~1tion 



abriut t:,air fac-5 habits was secured . The diets were 

classified i to :r3.des 1 , 2 ~nd 3 , or ~ood , fair ~nd poor 

re"' 'lec:.i· e: J . commonly used standard (~asic 7 foods) 

wqs us d ~a the -uide for classification . 

Fi~sertip blood sa:ni)ls-s were analyzed for hemo­

lo~in , erytjrocyte count, hematocrit, ~lasma ascorbic acid 

and soecific :r~vity of the >l2s~a . rhe sa ~les were 

collec .ed twice, at an interval of one week , at the same 

time of aay . 

. n 2lkaline hematin method for the determination 

of hemc5lobin wqs employed . SamJ les or b lood for the erythro ­

cyt count s were diluted wit~ Haye~ ' r solution and the counts 

-,ere mq,de on an improved countin,3 ch9.mber . He·n3.tocrit was 

de..,ermined by a micro -method . Small bore capillary tubes , 

1.5-2.0 by 100 mi llimeters , were partially fill e d with 

blood directly froq the finser leavinz :enerous space at 

either e nd for se3lin~ with pl ic ene cement . rhe t• b:s were 

centri fu~ed at 2700 revolutions per minute for 45 minuwes . 

rhe a~ount of packed red cells ~e:e me sured on a centimeter 

ruler. rhe vqlues f or hematocrit were expressed in :;_:)ercent . 

The ascorbic acid of the plasma was deter r lned by 

the r, d • ·~rmer ~n tlbt micro - method . 

~he s~ecific gravity cf thE plasma , used as qn index 

of ~~e Pl~sma ,rotein , was deter r ined by ?hillip ' s copoer 

sulf'2+e method . 

The me~n values for tne abov e factors of the blood 

as de~er~ined by the indi~atert methods ~ere : Red cell count 

• 



5 . 555 million cells per 8Ubic millim3ter of blood; hema-

1~ 4c o po~cPYJ.t· ~scorbic ~cid , 0 . 61 milli:raos er ocr u, .., • ~- - ' 

100 milliliters 01.;.s!. .. g_; and ) l ·1sm9. srecii'ic gr:1vi ty , 1 , 0212 , 

_ he h: .. o:.;lobin v1.lues ··r2re not ave:ca:::ed because of 

, ·' d r:i_, "'e " +Jr"'.- ic:i.l II diets by difficulty wit': t!1e net'11' • " v 

q J.litc1tive co:!'tP8..rison to the "Basic T' showed that all 

exc: t seven of the subjects had ostensibly inade1u~te 

diets . 

The :nean V'.:l.lues for erythrocyte count and hem'a-

tocrit , w re hicher than tho 0 e for young erased subjects 

J.t lower a::1._tit· 1des . .4ltitude w ,s probably one of the 1ri­

~ar1 f1c~ors accountin; for the hicher values . The ~e o­

gle ,in v1.lues were prasums,bly wi thiYJ. 1:.i1e 'Y or;11.:.H range . 1 he 

me~ v~lues ior 9.scorjic ~c i d of the pl ~sma were cotp~rable 

'c.s , althou...,.--i so~n01·rh1. 1
: lowe r than , the values for young 

adult~ ~s founj in other surveys . How3ver, the xean as corbic 

:-.cl,:; value W'.3.s lo"er than thc1,t of a5~'.:i subjec c.s on a cont-

rolled :ooc institutional diet . rhe study showed th~t the 

subjects woo did not have citrus fruit or tomatoes in their 

" typ1c9.l" diet tended to h:-we l01·rer plasma ascorbic ac id 

v 1 lues . ~te 1e~n value for the specific g r avity (indicat in5 

'OY'O+ ·c i ) .P t' 1 - - Oc. ,1e P =.i.sma w:1s , .lm·r t .1 e normal range :t'or ·adults . 

Alt1ou~~ diets were noor, they appe~red to be adequ~te in 

oro+ e1n , There we:'."e no mm·m serious diseases which w0uld 

account for t~e lo~er o~asMa ~rote in values . 

,,,, ., . t 
0 -lt ;.ne ·1ry ite s in which the :r.:1ajority of s 'bJects 



were deficie· 1t uere 11ill..: 9-nd enrich2d fat, 9.nd next in order 

0 
deficiency uere frul ts and ve~:et~bles . In ,1u.my o:t' the 

iets , fruits 'JYld V"~et.1tles Here eaten often enough but not 

in l:tr::::e 2nou:h qu •.nti ties to .:i ve the recommended allowances . 

0 
,., of the subJ ect ' s di~ ts s' oue:1 t:"1a t, mil.1.: 2,n::i. enr lc.1ed 

f ts s- .. ly ,·r:re not used . 

This study indic1~2d t11t mass nutritional study 

of 0 :e aubjects needs ~ore careful nla~nin~ and more ti~e 

.,ha.n simil·.r studies ::i."Ilo:1; younE_;er subjects . :-:et~10ds using 

fi ·2rt: _ 0100:i ,: ,re found to be fe .s1ble for this :16 e _;roup . 

or ver , rurth r s u'lC:., .is ne.J:ied on th'.= ~1e~3.tocr1 t a;~d her..10 -

-10,in m:-:.hc 3 . 

'"'.:'':is study indic"'.°':,e:i the neea tor f1. rt,1er nutri ­

tional i nvestis9.tions of lar~e nu~bars of olaer subjects 

-t hi·h r ~lt~tudes in ord,r to est~blis~ stand1rd values . 

LIBRA~Y 
COLORADO A.& M.COLLEG 
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Chapter I 

INTRODUCTICN 

~foch stress has been ls.id upon studies of 

nutritional status during the past few years . The 

National Research Council (22) has beco:e concerned 

over the widespread dietary inadequacies revealed by 

these surveys . ::ost of the studies have been con­

ducted e.nong young adults wi tlJ co:JparcJ.ti vely few a~nong 

a:;ed people . 

However , aged peoJle co~stitute a big problem 

in this country . rhere is a population shift toward 

peo1le ag2ct 65 years . The United States Census ror 

1Y40 (43 : 2) showed that there were fllightly· .:iore ti:1an 

nine mill i on people over the a~e of 6~ , or 6 . 9 percent 

or the total ~ooulatio~, an increase o~ 35 1/~ p2rcent 

since lYOO . Stieglitz (39:13- 14) i r~l ied th~t this 

situation created the problem of maintaining the he1lth 

and uselu lness or t,nesc new :nillions . 

The blood values ror a rew well c~osen ite:ns 

may show~ so ewh~t gen:ral nutritional ~icture . They 

:nay retlect the value to the body or ~he :nany inzested 

nutrien--r,s which are furnished by individu::i.l foods we 

consu·_- e . 



....... -· i 
Nutritional 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 t~eir chemical analysis . They 

also obvi:;1.te much training and effort on the part of the 

subiect . The latter are often re~sons for failing to 

obtain cooperation and for failing to set accurate results 

in nutritional studies . 

Among factors which are com,i.10nly measured in 

blood samples for nutritional status studies are ascorbic 

acid , he10_::lobin, p'asma protein , hematocrit and to a 

lesser extent , erythrocyte count . hscorbic acid is 

widely used for the deter~ination of the quality of some 

foods, and it is assum2d that the ascorbic acid value of 

the blood is an indication of the quality of t~ese foods 

eaten and the value of theT to the individual ' s body . 

Since ane::1ia may result fro:"!1. various nutritional 

deficiencies , blood values for he~oslobin , he~atocrit 

and red blood cell count, if abnor~al , may denote so_"!e 

nutritional deficiencies and/or pathological conditions . 

It is com~only accented by ~edical workers that hemo ­

~lobin and red blood cell counts are hisher at hi~her 

altit11des . (Todd and Sanford , 41 : 217 ; .. vliller , 19 :1174 ; 

Lurie , 17) . However , infor~ation on blood values of 

sup~osedly normal older subjects at 5000 feet is needed . 

The protein content of the blood is of significance 



because it reflects, to some extent, the protein 

utilization of the body . 

9 

Colorado is cooperating on a regional 

nutritional stu~y which was recently started in Creson . 

Methods adapted to the use of s11all quantities of 

fin3ertip blood were vsed . Since no other state in the 

region has started a study of older people, it will be of 

value to deterTine the workabj_lity of these methods and 

the reactions of older peo9le to this ty~e of nutri­

tton3.l study . 

Because of the fore:oing reasons, i . e ., an 

increase in the number of older people , the need for 

~utritional studies and the establish~ent of blood 

va~:es at 5000 feet for older people , and the import ­

m1ee of testing newer methods on this age group, this 

study was initiated . 

The problem 

What are the v~lues of selected factors of 

nutritional significance in the blood of a representa­

tive group of aged peo-ple living in the same community? 

Problem analys i s~-1 . What are the values for 

ascorbic acid, hsmoslobin, plasma protein , hematocrit 

and erythrocyte couDt for t'1is group 9..S ::seterrnined on 

fingertin blood? 

2 . Are these methods of blood analysis, 

9..d':.l.pted for use on small amounts of blood , feasible for · 



nutrition field studies a';1ong this age group ? 

3 . How do these values co~npare with 

oublished values for the s a2e a5e group ? 

4 . How do the values compare with published 

values for different ase groups? 

5 . Do values s how any trends with age? 

6 . ':lhat factors explain any dif'ference or 

si !i l ~rities found? 

:10 

7 . What i s the nossible effect of food habits? 

Delimi t ation .--This investigation was limite d 

to 25 men between the ':..5es of 70 and 80 livins independ­

ently at 5000 feet altitude . 



Chapter II 

REVIEW CF LITERATURE 

r-Tumerous surveys of nutritional status using 

blood values as indices have been made . Almost all 

of these surveys have been conducted on young adults . 

A fe-w pertinent studies are reviewed below : 

Several larse - scale state and reg ional 

nutritional studies of college students have been made . 

"'"'rmm et al . ( 2). in the western region made a survey of 

the ascorbi c acid nutrition of colle5e students . The 

~ean ?Jlcts:ne. values for :nen vrere found to be significantly 

lower th~n those of women . F i fty percent of ths wo 1en 

and 75 p2rcent of the men had values below 0 . 8 milligrams 

of ascorbic acid per 100 milliliters of Jlas~a . Tois 

value , 0 . 8 millie;rams , was considered "normal". C1lson 

et al . (24) re~orted the blood values for a survey of 

co l lege women of the North Central reg ion . They 

concluded that the normal value s for heTioglobin , 

eryt':irocyte c ounts , ':ln:3 hematocrit must be interpreted 

as a range wider than t~ose recorded by earlier studies . 

Sheets :i.nd Barrentine ( 36) of a .. ississipp i surveyed 

college r~en and women . The averace values for hemo ­

globin were louer than t >c se r3ported by other 



:12 , 

investigators . The erythrocyte counts i,,ere ·within 

nor:::ial limits, but were also low . Dodds =1,nd =·..acLeod (5) 

reported a study of ascorbic ~cid nutrit~on a mong 

Tennessee college women . They found th~t the me~n values 

and distribution of the va : ues for ascorbic acid agreed 

well with other surveys on s i :!"1i lar po;ml;,tion groups . 

In Alabama , ~~c=Fillan and Todhunter ( lt) found that 

37 percent of the college wo~en the y surveyed had 

satisfactory va.Lues for both nutritional factors , hemo ­

globin and a s corbic acid . They found that there was no 

co r rel~tion between the he~oglobin and plasma ascorbic 

acid values of the saEe individual , i . e . that one did not 

affect the other . Donelson et al . ( 8 ) rep orted the 

total findings of the midwestern survey . (The bemato­

lo~ical phase of thi s su~vey was r eoorted e arlier by 

Ohlson et al ., 24) . They concluded that the mean hema ­

tocri t , he~.:o;lo ,:i in , and erythrocyte counts "\'ere within 

normal limits , but that the mean ascorbic acid v alues were 

low for the g r oup of col lege women studied . 

High altitude ca1J ses some cha,nge from normal 

blood values at sea level . Lurie ( 17 ) conducted so~e 

research at 5740 feet altitude in South Africa witn 30 

people of each sex . He reported that he 1oglobin , 

erythrocyte counts and cell volume were proportionally 

hisher at th~t altitude , as co ·~are~ witn normal data 



at sea level . 

A relatively small number of blood studies , 

nutritional or otherwise, h9,Ve been condl cted wi t'.'."J. 

elderly subjects . 

13 

An outstanding series of studies has been 

carried on a:aons this '.:l.ge gr01.;.p by R9.fsky ::1.nd :-Tewman 

(2~ -34) . ~owever , ev.n though the subjects were con ­

sidered "normal ", they were confined to a home for the 

aged . They (33) deter~ined the blood levels of ascorbic 

~cid 1nd coDducted a saturation experinent with 25 ~ged 

subjects 66 to 83 ye'.:l.rs . 'I'hey found th::it the overall 

avera3e for pl~sma ascorbic acid (0 . 72 milligrams percent) 

before dosage was somewhat below the raa3e considered 

normal for young adults . ~ewman and ~itlow (23) used 

subjects from the sa~e type of institution for hem~to ­

l osical stu:iy of 50 a:;ed m3,les 3.nd fe J.1-es . .:-ie:no__:lobin, 

erythrocyte count, pac rnd cell volume and cor )Uscul2.r­

consta._,,t values tended to be lower than those found by 

other investi5ators of younger subjects . Fowler et al . 

( 11) co,,.,ducted a hematological study a:noni3 100 elderly 

hos!"1 i tB.l patients free of any ser ,ous debili t:1ting 

diseases . Seventy- three subjects were men and 27 women , 

of which the overall averase a5e was 71 .3 years . Their 

study shm·:ed a sli, ..... ht reduct i on from nor.ially ace ·:pted 

values for youn-: a l' 1 ts in hs'TI.oc.:lobi 11 , erythrocyte and 

hem~tocrit . ~iller (19) made a study of 150 men between 



the ages of 60 and 104 years . The sub.:scts wen, fro :n the 

xew York City Farm Colony (presumably for the aged) . ie 

found th~t the hexoglobin and red blood cell count de­

creased in the a,e_;ed; and tho.t the decrease in he ,nog l obin 

was proportional to the dec rease in red blood cells . 

Stie~litz (39 :818) reported the values for 156 healtny 

men 50 years an5. older . The J.,v erage values for eryt hro­

cyt :s (4 . 60 ::nill i on ) and hemo5lobin (14 . 22 grams) were 

lower than the values for younzer people , but still with­

i"'.1 the norm9.l ran~e . 

Burlrnr ( 3 ) r::: ported tb1.t the tot9..l he·:105:'...obin 

increqses in old age ; also th~t the values for women 

tended to a ri)ro :1ch the values for men . He attributed 

these c:1 ::mces to ::10re difficult breathine; , chan~es in 

heat reguLLion , and in wo:nen , cessation of the s~x 

cycle . 

The reliability of the ~ethods and the inter­

pretation of experimental data in studies of the above 

tyoe are constantly being reviewed in an effort to 

arrive at more normal standards . Concerning ascor,-ic 

aci1 , o~inion differs as to the sign~ficanc e of the 

plasm~ values . Todhunter and obbins (42) stated that 

Dl~sm~ ~scorb c acid was poss i b l y a more reliable index 

of asc')rbic acid nutrition of an indi 1 id1..l.9, l tc:9,n urin:.1,ry 

excretion becquse it, 1,r9.,s nrt subject to so many daily 

v~ri~tion . Smith et al . (38 ) also found tha~ daily 
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vari Rtions in inta:lrn were not app1.rent unless they were 

of considerable masnitude . :Jodds and :,IacLeod (7) found 

that ascorbic acid plas:na values g:-1ve little indicat ion 

of the pres ent ._i ntake of the vitamin . In a l ater study 

by these sa::ne a1:trors ( 6) , they confirmed this theory 

and state d that the inta:rn of ascorbic a cid c annot be 

narrowly defined by the ·-1as::aa values . Johnson et al . 

(15) stated that b lood ascorbic acid values ~iv e compar­

able results regardle s s of the time of day t he sa.n~Jle is 

ta~-:: en . Evidence by Mc= :illan and 'r odhunter ( 18) showed 

that t he re i s less than 0 . 20 millig ra:-.1s average 

V?.ri at i on of the plas::na v::111..-:. e of any one person on non­

cons ecutive day sa:npling . They also po inted out that 

there is no gen erally accepted standard for hemoglobin 

or ascorbic a cid . qa ines et a l . (14) indicated that 

plas~a levels of ascorbic acid reflect the stores and 

int~te over a ~eri od of time r ather than the i mmediate 

intalrn . 

In view of the .any surveys of su p)os ed ly 

no rmal pe ople that revea l low blood valu es for ascorbic 

aci::3., :-1unsell.. et al . (20) made a noteworthy comment : 

that low l evels of ascorb ic acid in the blood for t t ose 

u qed to a low ascorbi c a ci d diet is not indicative t 6at 

t~ey shoul~ h~ve scurvy . 

In s "' ite of the controversy over interpretation 

of data, asco_~ic acid v ~lues co~tinue to be used and 



have yielded valuable informaticn about ascorbic acid 

n,,tri tion. 
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The determination of urotein values in blood 

plasma or serum are com::!'.only used in st1..1dies as an index 

of protein nutrition of the boiy . Hypoproteinemia is 

found in a number of abnormal conditions. untwyler (21) 

stated th~t hypoproteinemia is encountered in liver, 

lddney, :1nd bone diseases , in chronic infections ·a:1d in 

mal~utr1tion . Frisch (12) saowed that nutritionel edema 

in rats was associated with narkedly rejuced levels of 

serum protein . Graaf land ( 13) found that hypoproteineJ1ia 

resulted from a low calorie diet even though sufficient 

ani~al protein was given . His hypothesis was that the 

protein was used for calories . 

A number of methods for determining the amount 

of protein in the blood have been perfected. Many of 

these ;net·1ods are long , tedious "md i mpractical for 

survey work . The use of specific gravit:' to deLer:nine 

blooi protein is one o: the more si3ple . Adams and 

Ballou (1) attested to the reliaoility of ttis ,aethod by 

stating that the spGcific gravity Tethod of determining 

9Jas=a and serum protein was comparable to the micro ­

=-::jeldB.!:1.1 method. . 

Hence , it has been found. that blood studies of 

in::1enendent agec:1 s1.1bjects have been scanty and inadec;uate . 

The studies a~ong aged subjects showed that values for 
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plasma ascorbic acid , erythrocyte count , hematocrit , 

and he'.!1.o,.~ lobin ~e.ve t -9rd ed to be lower , with one 

exception , than those values acc2-oted as normal for young 

adults . 



Chapter I I I 

MAT~.;::?.IALS Al':D MEI'HCDS 

In order to ascertain the values for the blood 

of ~ged individuals the followins materials and ~ethods 

1·rere used . 

Subiects 

Twenty - five active men between the ages of 70 

and 80 were used in the ex~eriment . The subjects were 

selected upon t~e bases of age , health , degree of activity 

and willingness to partici-01.te in the experiment . All 

subjects were active enou~h to take care of themselves . 

~one were mental ly deficient or j0pendent upon others 

for their personal car e . All subjects lived independ ­

ent:y , i . e . were not livin: with other fa~ilies, rela­

tives or in an institution . They were all Fort Collins 

residents . 

Prospective subjects were called upon to exnlain 

t~t experiment and to obtain their cooperqtion in the 

study . If ~hey agreed to particio~te a second visit was 

made . At t~is tirre , the health history was obtained, the 

food record was exnlained and appointment times for the 

blood collection were made . 
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Food record -

A one day diet record was kept by tne subjects 

the day before the first blood sample was taken . The 

subjects ·were given instructions to "write davm everything 

you eat ~ 1 ring that day ; everythin3 you put in your mouth 

and swallow 11
• Later , the author ·went over the menu with 

the subject and filled in any omitted details . I'he menvs 

uere copied on food r ecord s r1eets ( see ApJ,endix A) 9..nd 

summ·0 ri zed together with other information ( Appendix B) . 

Al l amounts of the re c orded food were suggested by the 

subject or were the author ' "" interpretation of amounts 

from graphic description . These amounts were t hen trg,ns ­

lated into terms of servings . Each diet was evaluated in 

terms of servings and classified as 3-rade 1, 2 or 3 

according to the follovrin: plan . 

Whole 5ra1n or 
enriched cereal 
cJroducts . 

Ve;etables and/or 
frvi ts 

Citrus fr1; it or 
tomatoes 
eat or protein 
substitute 

Eggs per week 
r-lilk 
Fat (enriched ) 

Gradel* Grade 2 Grade 3 
(Minimum servings ) 

(Cne 
serving 

2 2 less of 
anything 

4 2 in a 
Grade 2 

1 diet ) 

l .__either 3.,--
~ 1 
2 ( T ) 1 ( t) 

* Cne serving less of any one constituent in a 

Grade 1 diet was allowed for da_ly vari~tion . 

The diet class1f1c-'tions , 1J-rade 1 , 2 , 2,nd 3 , 

denoted the auality of the diets of the subjects . A 



2 
Grade 3 diet is obviously inadeQuate . d Jrade 2 diet , 

at the :ninimum , is not adequate but still not ;:ioor . A 

Grade 1 diet would ~ro~ably meet minimum adeauate stand­

ards . Detailed analysis was not justified because only 

one day food records were feasible in this study . 

Health histor i es 

3ealth histories (see hppendix C ~nd D) were 

filled in by the inter v i ewer a-,.1d were not presu:ned to be a 

medical exa~inat i on or detailed meiical records . Data were 

recorded as m'J.ch as 'JOssible in terms expressed l:y the sub­

ject . ~'ilthou::h the guide sh2et CC'nt.:1ined te::.hnica,l terms 

as a spci,ce - sB.ver , the questions were asked in lay~nen ' s 

terms S'JC 1'1 as , "Eave you ever had any lddney troubl e? 11 The 

subjects were cooperat1ve and the data were considered 

accurate accounts of the subject ' s knowlede;e of his health 

~1istory . The subject ' s word was ta':er1 for his age , height 

and wei~:ht . 

The records were 1odeled after those used in a 

re_ional study of nutritional status beins conducted 

curr ently i n the western states and were modified for this 

age gro1 1 p . 

~lood collection 

Each sub~ect was brought to the la~oratory for 

blood collection in the morning after a lic.::ht breairfast . ,_ '---' 

~s.c~ sub·.~ect gave two samples of blood exactly one week 

ap~rt , except in the cases of two subjects ; one w~s unable 

to ·:ome on the ex3,ct day because of his work , a~d the ot.1er 
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-~ve only one sacJle . The blood samples were ta en very 

close to the sa~·e tia1e e:1c :.1 day and all were within one and 

a half hours variation . 

There were several reasons for to.'-~in.:.; two samp­

les . n lr'.r0 e rm11ber of s1.1bjects could "1ot be us-:j because 

of thee cessive time re~·irea to Jocate subjects of the 

proper a3e . A gre~t deal of time was required to co~tact 

an~ i~t rview each new subject . A second blood collection 

coul be t~:en fro the same subj?ct without repeating the 

interviews . Two blood samples were thought to be worth-

·w ile as a c~eck on the values deter'.Ilined and as an indica­

tion of the vari~bility of the values . 

Tje blood was ta~en from the finJ2rti9 after t he 

hand had been warmed well with hot water . rt registered 

technic i ':lr1 pric:ced the fin :.er wi t'1 a :3ard- Par'rnr blade and 

assisted wit:, blood collection . As _nuch free flowing blood 

as possible was obtained and if that wasn ' t enouch , the 

finser was squeezed 6ently • 

• :ethods of analysis of b l ood ( In or:ler o::'.:' collect.i..on) 

~-iematocri t . --Small bore ca·;i llary tubes 

( ::iel t' nr: )oint tubes) , 1 . 5- 2 . O millirnet2rs in di':1-::.-ieter 

an- fou:" inch':s lonv , were di'.:))ed in e..bout one half inch 

dee·,1 finely 3roun,' :;:iot:3,s s iurn and a"'1n:onium ox:11 -1 te i:1 the 

rat:o of 2 to 3 by w~i ~t , re~pectively . The excess 

oxalate was ta~~e~ out of t1e tubes . Tubes were p~rt­

ially filled wit~ blood directly from the finser , 



leaving about one h~lf ·nch on eitber end for sealing . 

~he tubes wers laid aside until after all th2 rest of 

t~e bloo j haJ been colle~ted . They were then sealed 
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with pl icene cement a~d labeled with a small adhesive 

t'3.pe wi tl1 the subject ' s number . The samples were c entr i­

fu~ed for forty-five minutes at 2700 revolut i ons per 

~inute . Relative volumes of packe~ cells and plasma 

ue1"e measured with a centimeter ruler, using the sa;ne 

ruler for all samu les . ·i.ead in2~s were t a'ren to the 

nearest tenth of a c ent im~t cr . Values were expressed in 

percent . 

Ascorbic ~cid .--Fin5ertip blood was collecte d 

in small blood vials about one fourth inch in diameter 

and one ~alf inc~ in lengt~ . Two drops of two percent 

")Otassium and ammonium oxal·1..te solution (ratio 2 to 3) 

were dried previously in e ch tube . They were me~sured 

i~to tli.e vi 3,ls by me3.ns o~ a rou·yilj calib r::1, ted 5 cubic 

millimeter cons"uricted Dipette . Cne drop vra~ equal to 

a '~'roxim3.. te ly 5 cubic mill i.neters of oxal '3. te solution . 

:'he tubes v·iere filled one fourth to one third full of 

blood with spec i ·1,l care ta':en to prevent clot tins during 

collection . T".1e samples ,-..rere corl{ed i;n 1edia tely and 

refri :erated at all times e:xce~::it when bein handled . 

They were analyzed for reduced ascorbic acid 

by the Farmer and Abt micro- metl1od (9) ·within six hours 
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after collection. One determination per sam9le 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 pur2 ascorbic ac id 

solution that wis m~de fresh every 48 hours . Metaphos ­

nhoric acid solution was me,de fr2sh vrnekly . The ascorbi c 

acid solution, dye , and 3..cid used vrere refrigerated 

except when in use . Vah•es for ascorbi c acid were 

expressed as milligrams per 100 milliliters plasma . The 

a ccuracy of the method was checked by a recovery test . 

The recovery tests avera5ed 102 percent recovery of 

ascorbic acid which was within the limits of e ·perimental 

error . 

Erythrocyte count and hemop:lobin .--Blood 

samp les fol" th-:. se two determinations were collected last 

and were interchangeable in order according to t~e size 

of the drop of blood on the end of the finger . Aos t 

sa~ples were taken directly from the finger . If the 

subject bled p rofusely and the blood did not clot too 

rapidly, the blooj was allowed to drop into a spot plate 

from which it was measured . The blood saJples for 

erythrocyte determir:ations .were diluted with .Hayem ' s 

solution g,nd counted on an i;nproved countin5 chamber, 

(Todd and Sanford , 41 : 216 - 228) . Once a vreek , one chamber 

was recounted in a different order to check the accur:J.cy 

of the count. The counting vms found to be accurate . 
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He5oglobin was determined by a c o1bination of 

al1rnl ine hem1.tin 'e t hods (Storvick, 40, :1nc Col eman , 4) . 

A 20 cu'c ic ::ni l 1. imeter :n:?.. r ked ndams pipette w·1.s used. 

Fou 1° milliliters. of one percent a 1. nonium hydroxide was 

t he dilutin3 s o l nt ion . The optical density of the sa·n )les 

were rea'.'J on a Cole.nan s pectrop':10to.Leter-· set 3,t '.l wave 

length of 542 a c cording to the null method . Sa:nples were 

corlrnd , but not r cfri 6 erated , until read . Sa·.11ples ,ere 

read within one hour after collection . 

The pipettes us ed for heE10;_:: l obin me asurement 

were c hc c>:ed fo r c ontent and found to be wi t~1in the 

li· .i ts of ex:9erirr1ent'.ll er.::'or . 

Plasma u ro tein .--Determinat ion of the specific 

:-:ravity as a measure of the p l .'3..sma protein was first 

attemYited with a sradient tube ac cord i ris to the method of 

Lo1·rry and 3unter ( 16 ) . T'.'is nrovej unsuc cessfu l so the 

co ,per sulfate method of Phill i ps (25) was used . the 

p l o.s-11a used w:1s either the excess fro ·n the ascorb ic ac i d 

blood vial or the ~lasoa f r om the hematocrit tubes . Sin ce 

the amount of oxal~te was too s.all to c hance the re ad ings , 

correction was not made for oxalate . A pyknome ter was used 

to che c k t'1e s pecific gr:3.v i t~ of t'1e co·~')per svlfate 

solutions . 

Preca1 1tions used in blood collection 

Special 0rec autions always had to be followed 

to avoid difficulty witl-i ~emoly sis . Prel i minary vrnr'{ s~1ow­

ed the ·necessit for t'1e followin · measur e s : 
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The heoatocrit tubes must be Nell tapped free 

of excess oxalate to prevent hemclysis . Also, they 

must not be filled too full or the he3.t from the plicene 

cement used in sealing 1,-1111 cause hemolysis . T,.Jhen 

collecting the ~load in the vials, the blood col~ection 

should be interrupted at least once to rotate the tube 

so that the blood will beco~e well oxalated throughout 

the tube . Cne drop deficiency or excess of oxalate 

solution caus9d trouble with either clotting or hemolysis 

respectively . Too strenuous squeezing o f the finger to 

extract blood also caused hemolysis . 



Chapter.IV 

~ESULTS 

The results of the analysis of the finsertip 

samples of blood fro~.elderly males bjects , and 

observations fr o~ their diet records and health histories 

are nresented below . 

Blood studies 

The ~ean v alues for erythrocyte count , specific 

gravity of the ~:; lasrna , he:natocrit and reduced ascorbic 

acid for each of the subjects for the two samp: ings are 

given in 'rable 1. The subject's ase , h.ei:ht an::1 wei '- nt 

are also recordsd in this table . 'rhe individual values 

are tabul3.ted in Apoendix E . The means , ranges s,nd 

standard deviations are record2d in Table 2 . The 

distribut ion of th2 mea~ value for erythrocyte counts , 

pl:1sm::. s -:J ec ific <_sr1.v i ty 1.nd hematocri t are illustr.3.. ted 

in Fi:vre 1 accor::lin~ to ~he freau 2n cy in different 

intervals . ~..,_11 me'J,n v2.lues 2vre an avera;e of two 

deter.11n °,,tions , except wh.::re mar':ed . 

The ae;es r3.n_;ect from 70 to 78 ye3,rs with the 

me3.n a:::-e being 73 . 5 years. I'he mean value for eryt1:1.ro­

cyte counts was 5.556 ~illion cells per cubic millimeter . 

Hine of the subjects had mean values betwe en 4 . 80 and 



Table 1.--NUMBER, DESCRl l?T ION AND ME.AN BLOOD VALUES OF SUBJECT~ 
- -- -----

buoject Age Height height Erythrocytes Plasma Ascorbic Hematocrit 
number years (1) pounds million (2) acid (3) percent 

2 70 5-5 165 5 .11 1.020° 1.22° 53 
17 70 5-7 165 5. 6 9 1.020° 0.16 49 

9 70 5-10 185 5.52 1.021 0.74 49 
30 71 5-9 155 5.79 1.022° 1.19° 50 
25 71 5-6.5 174 4.99 1.020° 0.18° 45° 
24 72 5-9 200 b.39 1.023° 0.84° ·47 
27 72 5-8 152 5.92 1.017° 0.43° 55 
23 72 5-7 146 5.50 1.019° 1.00 50 
22 72 5-1.5 120 6.17° 1.020° 0.58 ° 48 
16 72 5-7 116 5.12 1.020 0.25 49 
32 72 5-9.5 184 6.41 1.022 1.12 56 
20 73 5-7 140 5.58 1.023° -- 48 
13 73 5-9 150 5.23 1.019 1.33 46 
14 ?3 5-4 130 6.21 1.020 0.82 44 

4 74 5-5 120 6.l? 1.023° 0.47° 4? 
29 74 5-9 170 5.21 1.020° 0.94 44 

1 ?4 5-7 162 5.?9 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 - 5.53 1.024 0.60 45 
12 76 5-8 145 5.60 1.020 0.28 48 

3 77 5-5.5 205 5.9 9 --- 0.43° 59 
28 77 5-7 120 5.28 1.023 0.40 49 

5 78 5-10 180 5.14 1.024° 0.11 53° 
6 78 5-10 162 5.64 1.028° 0.14 46 

{l} Feet and inches 
(2) Specific gravity 
(3) Milligrams per 100 milliliters plasma 

0 unly one value I~ 
-.......t 



Table 2 . --AVERAG:E VhLUES FOR CCTSTITUEN'TS DJ TH!i; BLOOD 
OF AG.C:D SUBJECTS . 

Factor Mean 

Erythrocyte count 5.556 
(millions) 

? l asma specific 
gr avity 1.0212 

As corbi c acid 0. 608 
(milligr ams 
-oer 100 milli­
i1ters of plasma ) 

:iematocrit 
nercent 

1,.9 .o 

Range Standard Deviation 

4 . 80- 6 . 41 0 . 426 

1.017-1.028 

0 .11-1. 33 

44- 59 

0.00122 

0. 383 

3.72 
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5 . 30 mlllion per cubic m1111met2r; 10 between 5 . 51 and 

5 . 90 mlllion; 8..nd six between 5 .91 and b.45 mil.lion 

per cuoic ml..Llimet r . rhe range was 4.eo to o.41 

millions , tne stanctara aevlatlon w~s 0 . 4o2 m1.111on . 

Hemog..Lobin values are not given indivictua.1~y 

but are discusse-J iYJ the followin5 c ha-'"'ter . 

The mean hematocrit value was found to be 
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49 percent . The range was 44 to 59 pvrcent . Thirteen 

subjects had values which fell between 44 and 49; nine 

between 49 and 54; and three bet,reen 54 and 59 percent . 

'T'he stand?..rd deviation was calculated to be 3 . 7 percent . 

The mean value for specific cravity of the 

pl~sma was 1 . 0212 or 4 . 59 grams of protein oer 100 

milliliters of plasma . All except one value was b2low 

normal . The individual values clustered very closely 

around the mean . The r'.lnge was 1 . 017 to 1 . 028 and the 

standard deviatio~ 0 . 0012 . 

The mean value for r·educed ascorbic acid was 

0 . 61 milligra.c1s per 100 rnillili ters of plasma . The mean 

values of the two samples for e3.ch subject ranged from 

0 . 11 to 1 . 33 milligra~s per 100 ~illiliters of plasma . 

Zight subjects had mea:1 V'.:tlues between 0 . 11 and 0 . 42 

milligr ams; six between 0 . 43 and 0 . 72 ; six between 0 . 73 

a'1d 1 . 03; 9,nd. four between 1 . 04 and 1 . 33 milligrams . The 

standard devi~tion was 0 . 383 milligrams 9er 100 grams . 
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,foal th records 

All subjects except three were found to be in 

good health and q_uite active for the ir ages . Two of 

these had more limited activity because of "bad backs 11
• 

One of these was under a doctor ' s care; the other was 

not . The third was still under a doctor ' s r out ine 

supervision after having a goiter r e::noved six months 

ago . In spite of these things, the subjects considered 

themselves in fairly good health . Two of these subjects 

were on restricted diets advisea by their physicians . 

In all , general condition of the subjects was 

found to bo good . The record of the past and present 

diseases showed that all were free fro~ serious debili ­

tating illnesses . Colds were the most frequent co:n})laint 

and most of the s1-lbjects had had pneu monia sometime 

during their lives . Most cases of the latter occurred 

at the ti~e of the first world war . 

Food records 

Two or the 25 subjects had Grade 11 diets and 

two subjects had Grade 2 ; the rest (21) had Grade) or 

poo r diets . No subject's dlet was deficient in cereal 

products. Fourteen subjects did not have any citrus 

fruit or to,natoes . The dietary items in which the 

1 . For ex7Jlanation of gr'.ldes see pa0 e 19. 



majority of subjects 1vere deficient were milk and 

enriched fat; next in order of deficiency were fruits 
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and vegetELbles . In many of the diets, fruits and 

vegetables were. ea ten often enough but not in ls..r:;e 

enough quantities to gi Ve the recommen-'l ,....d allow.3.:!1ces . 

rfost of the subjects I diets showed th 1 t miE{ and enriched 

f ats simply were not used . 



Chapter V 

DISCUSSION 
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Cn the whole, the mean vqlues for the blood 

constituents deter~ined in this study are not co parable 

to any one other study . The mean erythrocyte value 

( 5 .556 1i llion cells) .-r:1s -iost comoarable to the v:1lue 

re'~orted by Lurie ( 17). At 5740 fe2t , 'o.e found an 

aver3,s-=- val''e of 5 . 593 million cells per cubi c milli :,eter 

in the "::l loo :" of young adult L3,les. His s 1 1bjects were 

yonnger anj tr'l.e altitude sligt}tlJ hic;her than in this 

st1Jdy . The av2ra3e red cell count 9,n:1 he i.13. tocri t fcund 

4.n the ::iresent study were higher t'1an t""os2 re portect in 

other stt1 :.'l ies of young :1..::.iul ts vr>:icl:l •,.-we been r eviewed . 

Part of tje jifference can be acco~nted for by re1son of 

the fact thst most of these studies wer- conducted with 

women who normally have lower values . 3ut the differe~ce 

cannot be accounted for eritirely in this ::1anner . i'he 

difference L.1 altitude 9robabl y is the one ·nos t i rifluent ­

ial factor . 

Tie results of t'.-:'.is study do not 3.:_:ree with the 

re ults of other studies a ·ans the a~e:1 . Using Osgood ' s 

and 1/Tintrobe' s normal sta-cidards of 4 . 6 to 6 . 2 mi llion 

cells per cubic '"1illi:neter ( average 5 .~ mil:1..ion) , 
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~ iller (19) found that values for his aged subjects were 

sli5htly low, (range 3 . 5 million to 5 .5 . :rril l i on cells, 

with an average of 4 . 6 million) . All of his subjects 

were males . The values that Stiegl itz (39 :810) gave are 

almost identic a l with those of ~iller (19) . In a study 

by Fowler et al . (11) , the averase erythrocyte count for 

males (4 . 61 ~illion cells) was co:npar able to the values 

of ~·' iller ( 19) . The mean hematocri t was stated as 41 . 7 

percent of the tot3l b lood volume . Rourke et a l . (35) 

stated the normal hematocrit r ange as 40-54 percen t . 

According to Phillips ( 25 :Figure 3 ) normal hematocrit 

v a lues for men r ane;e from 42 to 51 . 5 percent . 1rhis 

classifies Fowler ' s v ::1 lue as low , but wi thin normal 

limits . Newman and Gitlow (23) found the mean values 

a :nong aged men for erythrocyte count was 4 . 42 million and 

for hemat ocrit 41 . 2 percent . Their erythrocyte v a l u e is 

lower than those in the finaings above a~ong ag ed sub­

j ects , but toe he'lla-::iocrit valu e is c omparable to that 

found by Fowler et al . ( 11) . In the nresen t study, the 

mean v a lues for erythrocyte count (5 . 556 million) and 

hematocrit 49 . 0 percent were cons i derably hi6 her than 

t hose values in investigations of the aged quoted above . 

Thes e differences between t he va lues found in this s tudy 

and other stuc-1ie s of the aged may be because of t::1e 

cl iffere-:, ce in alti tude and probably partially because of 

the healt~ of the i nd ividuals . It would seem that ac tive , 
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indeJendent :nen might h::we hie;her blood v ·,,1,- es than ·en 

in ins ti t 1_:tions and hos'.)i tals by virtue of the fact that 

they are heal t'1y .:ncvc:-1 to lh e by thensol ves . 

It was found that there was consider~ble color 

fad ins wt th:n the first t'}o··r vr'.:1en dete r T ing heinoclobin 

by the described ~ethod . The ~ thod (Storvic~ , 40) 

st~ted that accurate results could be obtain2d wit~in the 

first t'1ree hnirs . -J:owever , to1r,rard the enJ of t:1e 

experi~ent , it was noticed that values wer2 hig~er if 

re 2d sooner . FurL1er st1;dy s'.,owcd that he 1oc;lob in 

sam)les did not f ade consistently at t1e sa .e or differ­

ent concentrations . Therefore , no accurate correction 

coul5 be n~de for fadin~ . The last few samples were 

read i n~edi~tely . Subjects covld not oe brougjt to the 

laboratory a5~1n for re - determination of the hemorlobin 

beca1..1 se of the difficulty i n coYJt'c..C tin~ the.:: . 1r>1e nean 

of t~e hamo~lobin v~lues as detcr~ined uncorrected for 

the study was within nor~al li~its but toward t~e lower 

end of t,he rs.n5e . Correctio-o. to a9_ roxima te the i:,rue 

values would raise the av.:·r:i5e co:.1sider3.,oly . ii'o indlvi ­

dual values at either sampling were ~~r:edly low . rhe 

values for t,e last fe,:1 sa '.:les ,,(:ic:1 were rec?,d irn:'!led ­

iately were co~sistently hi5h . From these fi •d ines , it 

is probable that the he~o~lo ·i n values for thes: aged 

sub;ects are within the normal r~n~e . 

The S')ecific ravity of the ;l:1.s::1a in the 
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present study was found to be mar~e dly low according to 

Phillips (25 : Fi s ure 3) . Sis normal ran~e was set from 

1 . 0255 to 1 . 0283 . The mean value for this study was 

1 . 0 212 . Since none of the subjects suffered from any 

serious debilitating d l3 ease to the best of their know­

ledge , these diseases would probably not b e the pri_ary 

fa c tor a c counting for the low valu es . None of the sub­

ject ' s "typical II diets showed a m~r1rnd l a ck of protein . 

However , most of the diets v ere classified as Grade j or 

poor diets and the ~ossible effect on the ~ l a sma protein 

is not known. The few subjec ts that had good diets did 

not have higher plasma :?rotein values . 

is common in serious k i aney diseas e . 

nypoproteinemia 

Stieglitz ( 39 :659 ) 

stated that in aged subjects hypop roteine~ia is most 

frequently c aused by digestive disorders , anorexia , 

nausea :1nd vo 1:. tin0 , 1,nd injudicious lim1 ta tion of 

dietary p rotein . He s ~ox e of these causes as con triDu­

ting to edema in a 0 ute ne)hritis . Whether or not such 

minor non- chr·onic iLLnes ·~ c1.lone c an cause 1.1ypoprote.".1.1e ' ia 

in older people in sup~osedly good health ls ~uest ion­

able . Since no test for l)rote inur·i a uas m.1de in tois 

study , its 1 "'fluence is u11 lmovm . 2:ypo"l.)roteine.nia may 

be an acco""1nsmiment oi' tne ag.Ln5 process and inf'1.uenced 

by poor absorntion of ~ood . Since studies of hypo ­

nroteine~ia in aged subj ects have not been discovered 

i::'.1 the liter8.ture by the writer , it seems that further 
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study in this field is necess~ry . 

Todd and S::mford (41 : 439) considered 0 . 9 to 1 . 5 

rnilli5rams of ascorbic acid per 100 ~illiliters of 

p lasma a normal value . Donelson et a l. (8) , Purinton 

and Schuck ( 27) , Fincke '?.nd Landquist ( 10), Pru11ty and 

Vass (26) us ed 0 . 8 milli5rams percent as normal . 

Ifoi'Iillan and Todhunter a ccented O. 80 mill i g r ams or ::i,bove 

as an adeQua.te st'l.te of ascorbic 'lcid nutrition and below 

0 . 40 to 0 . 50 milligrams p ercent as a state of moderate 

depletion of tissue store s anj bElow 0 . 4 mi ll i g rams a 

state o:f fairly :111r~:ed deoletion but not t1ssue exhaus­

t i on . Rourke , et al . (35) considered 0 . 4 to 1.0 ~illi­

e: rams percent for fasting b lood as 11n or:1al" . This r.1ay 

be "norm'.1.1 11 in that the ma,~oI'ity of v alues fall within 

this r :1nse but i n the lower limits c an :1ardl y be 

i nd icative of tissue satu r at ion . ~cceptin3 0 . 8 milli­

g ra~s and above as normal , 0 . 4 to 0 . 8 as a de ·let i on , 

and bel0\·1 0 . 40 as m'lr:;;:sd depleti on , the mean value , 0 . 61 

millig rams percent , for ascorbic actd in the plas-1a in 

t l, is study is low . However , it is co ::9ar o):.l2 to the mean 

value of o . 66 mil,israms percent of youns adults fou~d by 

Donelson et a l. (8 ), the mean of 0 . 67 mi lligrams percent 

for c oll ee;s fre"'h,11en found by Dodds and :'!acLeod ( 5), and 

0.65 milligr.?..""'S by l(c!~ill 9.n an-3 rod hunter ( 18). The 

elderly subjec ts of Rafsky and l~eHm.8.n ( 33 ) had been on a 

; ood r:iet i n an institution for s ome time. T:.1.is core or 
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less controls dietary iablts ~~d accounts in part for 

t'.1e :,.,_ i5her r::ean ve.lue of O. 72 milli5r2.m~ percent before 

saturaticn tests be3an . 3till the f:ndin~s of all 

t~es2 studies reveal v21..ues bslm·r th~ acce:Jted st?.nd':':i.rd 

for adecu~te ascorbic acid nutriGion . The stuiy of 

?..~fs-_y and :7ewman ( 33) may indic ~ ::,e t l1a.t 3.~ed _:'Jeo~1le on 

a 300d diet have lower Dlasma ascorbic acid values than 

eJ-~Jected by re ·:i.son of t'..1e louered absorytio~ and utili ­

zation and the general slowin: do~m of the bodily pro -

cesses . 

This study wqs c ~~au cted in the early s ~r in5 

in a se2~on in which t~ere we~e few fresh ve~et~Qles ~~d 

fruits on t·,1e :;::3,r':..;:et a-r,j' most cf them i:-~ere quite e.x:pe_1 -

oive . 1his unavaila".Jility cf c :-,ea_Jer fruits 2.:~d ve0 e ­

tables ric'c1 in -1.scorbic 0.cid accounts in p1.r t for t:.e lov1 

values of the subjects . Cver half of t~e s vb~e cts ~ad 

no citrus f r·ui t or tom itoes i n their 11 t ·1 "ica.1 11 a i ,3 ts and " -

tended to h:::.ve 101-·e::."' -,Jlasrn.a ascop-:::..c a .... ; '-'-

other subjects . Thes2 900~ di~ts may be , in ~'lrt , 

e:-::pl 'lined by the 11nava· la-:Jility of fresh frv::. ts 'l!ld 

v e5et :·,bles and o'l.rtly bec?,,use of poor di~ t2.,.1 y habits . 

Althou5~ extre-e c~re to prevent he~olysis was tskL~ , it 

sometimes occur.r-ed and mi .,_ht account for toe lo':rerin:; of 

the vqlues (Simmons a~d ~antz~ow , 37 : 248) . 

It was found th~t the mean erythrocy~e cou ~ts 

and hemc..~tocri t values of t:iis stu::y ',vere ,-ri t:1in the 



upuer :n~r:ins of the normal rg,nge for adults at lower 

~ltitudes . The mean ]l~sma s9ecific gravities and 

reduced ascorbic ~cid values were ~ar~:dly below the 

~ormal ranee f9r youn3 adults . 
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Fro3 this study wit~ aged subjects it seems 

improbable that a mas~ study o: a6ej S' bjects could be 

conducted on "asse.nbly -l ine " basis as easil~1 as simi lar 

studies wi Gh youn_· adults . E.:.,ch subject requires a 

good deal of time , especially for interviewing . Old 

9eo1Jle , living alone as these subjects were , had an 

abundance of ti·r e and could not be hurried without 

sacrificing their cooperation . Therefore , tnis ty ~e of 

subjec t must be hg,ndled with extreme care if his c oop­

eration is to be gained and mai~tained . 

The actual blood taking could be done rapidly . 

:::ethods used in an?,ly zi ·10 t0e blood Here found to be 

feasible and satisfictory for this a5e grou ) . -owever , 

furt'.1er worl:: is needed in standar::!.izin.: the he:ilo5lobin 

method a 11d in co npe,.cins the micro- met'.:10:'I with the macro ­

method for hematocr i t . 

This study was intenjed to be of a preli1inary 

nature ani further study on e, great nu:nber of subj:-cts 

is reeded in orde~ to establis~ normal values for blood 

cons ti tve nts in ::.'lderly people of known dietary history 

living at hi:~er altitudes . 
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SIDi[MARY 
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Since tbere is a dispro~ortionate incre ase in 

the number of older neo.nle in this country and few studies 

on their nutritional st3,tus have been carried out, t".lis 

study was planned . It also see:ned of importance to test. 

some newer methods of nutritional investi~ation on this 

The object of this experiment wis to determine 

the values for· selected factors of nutritional signifi­

cance in the blood of men a5ed 70 to 80 livin5 at 5000 

feet altitude. Health histories and diet records were 

also to be obtained to help in the interpretation of the 

dat3. . 

rwo sa~ples of blood from each of 25 subjects 

were analyzed for he o:lo)in , erythrocyte count, hema­

tocrit, "r)las:na ascorbic q,cid and plasma specific 5r3.vity 

by met'riods ap ~lied to firn~ertip blood . rhe samples were 

taken a week apart . The mean values were: re l cell 

count 5. 556 mill ion cells per cubic .1il l i .:eter of blood; 

hematocrit, 49.0 percent ; ascorbic ~cid , 0.61 ~illi5r~ms 

-per 100 milliliters of ·::ilasma, and plasma specific 

gravity , 1. 0212 . The mean ve,lues for erytl-iro-



cyte c ount and herw,tocri t , were hi5her than those for 

youn3 or a3ed subjects a t lower altitvdes . Hence , 

altitude is probably one of the factors wh ich explain 

the higher values obtai :ed . 
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The mean valves for ascorbic acid of th ::: p l asma 

were co -par~ble to , althou3h s o~~what lower , than the 

values for young adults as found in other surveys . How­

ever , the mean ascorbic acid val1Je was l'ower than th:1t 

of aged subjects on a controlled good institutional diet . 

Poor food habits are partially resp~nsible for the lo0 

~las~a ascorbic acid values of the studies su~j ects , 

es'Jecially since many of the s 1 'bjects did not eat citrus 

fruit or tomatoes . The mean value f o~.., the spec if i c 

gravity of the nlas~a was below ~he normal ranee for 

youn ~: Edt1l ts . These values CO'' ld not be exp l a ined by 

the i ndidence of se r ious chronic diseases . 

::ass nutritional study of a,:;ed subjects ne-::ds 

more careful 9lanr1 i ng and mo::.0 e tLne thJ..:::: similar studies 

ar:ions youn5er subjects , 'Qut a.re still feasible . 

Further study of the blood c ·:rn stit·ue:its of 

aged subJ -cts living at 5000 feet altitude is i~dicated 

by this study . 
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):':lme b8,te ------------- ,____ ----------
:'.'Conth Day £ear 

Adress _________________ Age _________ Bex 
Years Months 

FOODS EATSN ON ----------Day of week 

Food Amount Food Amount 

BE'.rifEEI~ BREAKFASI' A!W :K 0~ MEAL 

---+----
NOON MEAL 

BETWEEN NCON A:,rn EVENING- MEAL 

SUPPLE.-.3~~T S 



Appendix B. --SU?'1Il1ARY OF :,E:m 

FASIS : Basic 7 (Recorded in servin3s; ½ cup ta~en as 
serving for cooked fruits and vegetables . ) 

Whole grain or enriched cereal products 
Potatoes 
Green or yellow vegetables 
Other vegetables 
Citrus fruit or tomatoes 
Other fruit 
Meat or meat substitutes 
Milk 
Eggs/ week 
Fat (enriched) teaspoons of 

GJ;:f:TERA.L "TJESTIC~JS : ----
Number of meals/ day 
Glasses of water/ day 
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)!eal intervals_-=--_____ , _______ ':tegularity of meals ____ _ 
Food dislikes , allergies , idiosyncracies 

Eating difficulties 

Vitamins 

Laxatives 

I·-1edic ines 



Append ix C. 

Place of birth 

condition of: 

eyes 

teeth 

skin 

hearing 

Degree of activity 

Sleep-av. no . hrs./day 

Exercise - kind 

Sympt oms of malnutrition : 

Incidence of disease 
Severity 

Severity 

l-fNs 7 

NUTRITION STATUS STUDY 
COLORADO 

HEALTH RECORD 

Height 

sound 

amount 

Present 
Duration 

Fa.at 
Duration 

NO. 
Date 

Weight 

or fitful 

Comments 

Comments 



Appendix D. HEALTH RECORD GUIDE SHEET 
(Yot 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 

skin 
dry and vrrinkled 
color 

condition of : 

burning or priclding of sl:in 

hearing 
ability to hear 

Symptoms of malnutrition: 
lack of a-_'.)pet i te 
lassitude or chronic f atigue 
recent loss of wei8ht 
lack of mental application 
loss of strength 
nerv ousness and irri tA.bili ty 
burning or prickling of skin 
mus cle and joint pa i ns 

Incidence of disease 
Hay fever 
Pneumonia 
Colds 
Sinusitis 
Influenza 
Abnormal blood pressure 
Diarrhea 
Constipation 
Frequent d i gestive disturbances 
Rheumatis~ or arthritis or others 
~:ephri tis 
Hepatitis 
Tuberculosis 
Heart disease 
Diabetes 
Peptic ulcer Cancer 
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Appendix E.--INDIVIDUAL VALUES FOR THE BLOOD CONSTITUENTS OF ALL 
SUBJECTS CLASSIFIED BY .AGE 

Subject iige Erythrocytes Plasma Hematocrit Ascorbic Menu -
number years million (1) percent acid (2) evaluation 

Samplings 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

2 70 4.94 5.29 -- 1.020 51 49 -- 1.22 3 
17 70 5.47 5.91 -- 1.020 49 -- 0.14 0.18 3 # 

9 ?O 6.28 4.?6 l.023 1.020 48 50 0.96 0.52 3 :ff 
25 71 4.45 5 .53 -- 1.020 45 -- -- 0.18° 0 3 
30 ?l 6.19 b .39 1.024 1.020 50 49 -- 1.19 3 # 
24 72 4.89 5.89 -- 1.023 52 42 0.84 -- l 
27 ?2 5.25 6.59 -- 1.017 57 54 -- 0.43° 3 # 
23 72 5 . 34 5 .66 -- 1.019 50 -- 0.20° 1.80 q 22 72 6.17 -- 1.020 -- 48 -- 0.58° --
16 72 5.89 4 .63 1.020 1.021 48 50 0.10° 0.40 2 t 
32 72 6.22 6.61 1.024 1.020 56 -- 1.01 1.22 2 
20 73 5 .38 5 .78 -- 1.023 51 45 -- -- 3 fr#and# 
13 73 5 .18 5.28 1.020 l.018 49 44 1.45° 1.26 3 
14 ?3 6.20 6.43 1.020 1.020 47 42 0.86 o.?8 3 
29 74 4.60 5.83 -- 1.020 45 42 0.87 1.01 3 

4 ?4 6.82 5.53 -- 1.023 47 47 -- 0.47 3 # 
l 74 6.09 5.49 1.024 1.023 48 4? 0.61° 0.94 3 ## 

21 76 4.48 5.76 -- 1.017 44 52 o.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 .1 
12 76 6.15 5.05 1.020 1.020 50 45 0.29 0.27 3 ft 

3 77 5.19 6 .80 -- -- 59 -- -- 0.43 3 
28 77 4.64 5 ,92 l,!024 1.023 48 50 0.58 0.22° 3 # 

5 78 4 . 94 5 .33 -- 1.024 -- 53 -- 0 .11° 3 
6 78 5 . 46 5 . 82 -- l.028 48 45 0.04° 0.25° 3 # 

# No citrus fruit or tomatoes 0 Slight hemolysis (1) Specific gravity 
t# Restricted diet . 00 Hemolysis (2) Milligrams fer 100 milli- 100 ~iters ~~ n ~~m~ -
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