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The influence of an imvroved diet on tic festing blood contont of
hemozlobin, serum total rrotcin, vitamin 7/, carolene, cscorbic ecid and
elkaline phosrhztase of 19 women and 3L men with moderatoly advonced,
and fer edvenced, ective tuberculosis wes studied,

The sverepe deily dietary intehe wes caloulated and bhe fasting blood
constituents of hiemoslobin, totzl serum protein, vitemin », corotlene,
ascorbic acid and serum elkaline phosnhricse wore deterrined for eech
sucject during a seven=day control period, wodiflications ware mede in
the resuler hospital diets of the subjects so thet a gencrous inteke of
nutrients was supplied to 211 subjects durins the experimentel period
which lasted for four months &nd was divided into tlree periods of six
weeks each, £ vitanin supplement conteining vitemin ¢, sscorbic ecid,
thiamine, riooflevin, &nd niccin wes given deily during the experimental
periods, [t the end of each period, & scven-dey fooo racord wes ootrined
from each petiasnt and the dietory inltake wes celculated, -lso st the end
of each period a blood sarmple from ezch paticnt was anzijyzed for hemopglobin,
serum protein, vitemin £, csrotene, ascorvic ecid znd &lkcline plosphatase,

Stetistical enel:sis inuicztea thet there wes an increcse in the
concentration of hermorlobin in the blood of men end women vaebients with
far advanced, active tuwoerculosis durinr the experimentzl period in
comparison with the control period. i.een uvlood hemoslobin velues of
patients with moaerat:ly auvenced, cctive tuosrculosis w:re comniravle

to thet of heelthy adults in tiie control period end there wes no
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sivnificent chenre duwing the exvericentsl period. Yhore was no chwenge
in mean serun protein values in the exrerimentel periods as comwvared with
the control period,

he aversve mesn serum vitemin o velucs for all grouns wera cornteravle
to those of healtly adulis in the control period alihicust there wes wids:
individual veriations, wo diffierence bztwecn tihe control and tie experi-
mantel periods wes found for any group exceut Tor the women with moderately
advanced, active tuberculosis; the meen serum vitaain [ for women with
moaerately advenced, sctive tuverculosis was simificently higher in the
experimental periods then in the control period.

The deily dietery supplerent of 10C milli rems of ascorcic zcid during
the experimental periods resulted in a statisticslly si;nificent increzse
of serum ascorbic acid values in comperisen with the control period,

There was not a significant diflorence betieen the mezn serum alkeline
phosphetase values in the control period end the experimentsl periods for
any group except for the women with moderately edvenced, active tuberculosis;
this group hed a higher mean serum slkaline phosphetase in the control
period than in the experimental periods,

There wes an increase during the experimenteal period in the concentra-
tion of the particuler vlood constituent for patients who l'zd low initicl
values of blood hemoglobin, seruam vitemin . end/or scrum escorvic scid.
There wes glso a reduction in serun elkeline phosphetcse esctivity during
tihie experimental period for thnose patients whose initvisl veluss were hicher
then for heealthy adults, The corcentreastion of the vasrious blood constituents
et the end of the experiment:l periou wes similar to thet of hLeelthy

adults for all patients,
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THe INFLUENCE OF InPRCVCD DIET CON C:liTAIN BLOOD CUNSTITUERKTS
O MLN £ND WOrkl WITH +CTIVs TUBE:.CULOSLS

f£1though a well balanced diet hes long been consicdered an aid for
the trcatment of patients with active tuberculosis, few controlled stucies
of the relztionship of diet to tuberculosis have been reported,

Different approaches to tlie study of nutritional stetus of tuverculous
pétients have been used in research at the Ingham County Sanztorium by the
Foods &nd NWutrition department at Michigen State College. In a study of
the dietary h2bits of women with active and arrested tuberculosis, Brewer
and co-workers (19L9) found thst a high percentage of patients with active
and arrested tuberculosis had everage intzkes of rutrients less than the
amounts recommended by the Food and Nutrition Board of the National
Kesezrch Council (1953). The metabolism of thiamine, rivoflavin, éalcium,
phosphorus and nitrogen of tuberculous patients also has been reported
from this laboretory. The utilization of nitrogen, phosphorus, ritoflevin
and thiamine by women with moderately advanced, sctive tuberculosis wes
similar to that of heeltlyy women, but a hizher calcium intske was recuired
for calcium equilibrium by the tuberculous petients than by healtly women
(Brewer, et al., 19L9; 195L). |

Biochemical analysis of the blood has been used as a tool for evalu-
ation of the nutritional stafus of tuberculous patients by Geblz and co-
workers (1941, 1943, 19LL). These workers observed thet tuberculous
petients had lower blood velues for escorbic acid, serum albumin, hemoglobin,

vitamin £, carotene end scvrum celcium then healthy persons, Getz et el.






(1951) &lso studied the relation of nutrition to tne development of
tuberculecis over a period of five years and reported that &ll cases of
cleerly ective disezse occurred in persons who had merkedly low blood
values of vitamin A and sscorbic acid before the development of tubercu-
losis,

Shaw and co-workers (1950) studied the dietesry inteke and blood con-
tent of hemoglobin, vitamin /i, carotene, escorvic acid, alkaline phos-
phatase snd total protein of 25 tuberculous patients eand found an inverse
correlation between severity of the tuberculous symptoms and the amounts
of these constituents in the blood. However, there wss little correletion
between the food intcke of thie patients and blood values of vitamin & and
escoroic acid.

slthough various workcrs have found low blood velues for ascorbic
acid, vitamin 4L, serum protein &nd hemoglobin among tuberculous pstients,
existing evidence does not indicate whether the low blood velues may be
associated with the disecse process or whether the low blood vslues reilect
only the nuiritional stztus of the patients. This study was plenned to
investigate the possible influence of an improved diet on the amount of
ascorbic acid, vitamin £, serum protein, hemoglobin ana alkaline phos-

rhatase in the blood of tuberculous patients,
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wutrition in tuberculosis

It is universslly accepted that poor nutrition is one of the wejor
facters in the development of tuberculosis, The well known study of
Faber (193€) indicated that there was an increese in mortality from
tuberculosis in Denmerk following the first world war, and that the
nutrient which wes most generally lecking in the diet wes protein,

Protein nutrition plays ean importent pert in building resistance
egainst infectious disesses including tuberculosis (Cannon,l9h5). Sako
(19L2) &nd Dubos et 1. (19LE) found that mice kept on low protein diets
showed a merked decrease in survivel time after inoculaticon with mammelicn
tubercle bacilli, The disturbance of the protein fraction in the blood
of tuberculous individuels is anotner evidence of the relationship between
protein nutrition end tubcrculosis. 4ccording to Siebert et el. (19L7)
end Marche et al, (1950), a decrease of serum elbumin is usually :zccom-
panied by a rise in serum globulin, end a lowering of the elbumin-globulin
ratio in serum is observed frequently in tuberculous patients. Johnston
(1947) stated thst the diminishing ability of tle adolescent to retain
nitrogen may result in the lessening of resistance to tuberculosis wihien
the nitrogen intake is not adequate.

The incctivity of the individual at bed rest may also be a factor
which influences the protein metzbclism of the tuvberculous patient. From

nitrogen balance studies of six heeltly zdults at ved rest for short



periods of time, hiller and co-workers (15L5) concluded that bed rest
alone czused & negetive nitrogen belence in a heelthy person even when

the celoric inteke wes adequate and the protein intcke was reasonebly
high, It is true that the subjects studied by }Miller end co-workers ucre
studied for only short periods of time and there was no incdication whether
adeptetion would result after prelonged bed rest. In 2 study of activity
in relation to the retlention of nitrogen end celcium in adolescence,
Johnston (1950) found thst nitrogen retention of six tuberculous children
without fever declined after prolonged bed rest but was improved when the
children were permitted mocderate activity.

McCann (1922) studied the nitrogen metebolism of tuberculous pstients
end found that nitrogen equilibrium occurred st about the same intske of
dietary protein for moderately advanced, active tuvberculous patients es
for healtly persons. Similer findings were reporied by Brewer et al.
(19L49) who recommended a daily int:zke of 80 grams of protein per dcy for
women with moderately advanced, active tuberculosis ss an intcke which
would permit some retention of nitrogen and still represent an amount of
food acceptsble to the patients. According to Sedgwick (1946), en inteke
of 85 to 125 grams of protein dsily wcs recommended by the California
State Department of Public Health for tuberculous patients, Pottenger
and Pottenger (19L6) advocated an even higher intake of 225 grams of protein
daily for tuberculous patients,

Calcium met:bolism also appears to be of particuler importance in
tuberculosis. Getz &nd co-workers (19LlL) reported low values of calcium

end phosphorus in the blood of advanced tuberculous patients. Brewer and



co-workers (195L) concluced, from their study of the calcium metebolism
of six moderately sdvenced, active tuberculous women, thet the deily
calcium intake required for cslcium ecuilicrium for tuberculous pztients
wes grester then that required for ecuilibrium by hecltly women,
Johnston (19L7, 1950) stated thst the diminishing ability of the adoles-
cent to retain calcium me&y result in the lessening of resistance to
tuberculosis and in turn, may ret:rd the healing of tuberculosis when
the intcke of calcium is not adedquate.

Considereble information relstive to vitamin &4 nutrition in tuvercu-
losis hes resulted from the studies of Getz and co-workers, Getz (1939)
found that 53 percent of a group of tuberculous patients had vitamin A
deficiency as measured by a biophotometer, In 1543 and 19LL he reported
that vitemin 4 deficiency, es evidenced by low blood content, wes
positively related to the severity of the tuberculosis., An inverse re-
lation between the development of tuberculosis and the blood concentration
of vitamin A& wes reported by Getz in 1951. kecently, Getz (195L) steted
that night blindness is common among tuberculous petients and thst the
total content of vitemin A in blood is alweys lowecred in advanced tubercu-
losis, although not necessarily in minimal cases of tuberculosis,

Kk possible explanation of low vitamin i/ blood values in tuverculosis may

be poor adsorption of vitamin 4 in the intestinal tract of tuberculous
patients, particularly when intestinal tuberculosis also is present.

Breese, Watkins and McCoord (19L2) studied 17 pstients with active pulmonery
tuberculosis and intestinal symptoms and found that the ability of experi=-

mental patients to absorb vitamin A was low, %hen a known amount of
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vitamin & in the form of concentrated fish liver oil was given to the
petients orally, the maximum rise of vitamin A in their blood was approxi-
mately one-half that of healthy individuals., The conversion of carotene
to vitemin A may be depressed in tuberculosis since Getz (195L) stated
that a low content of vitamin £ usually accompanied a relatively high
content of carotene in the blood of tuberculous patients.

Relatively little research has been directed toward the metebolism
of factors of the vitamin B complex in tuberculosis. Farber and Miller
(19L3) found that 25 percent of their LOC patients with active tubercu-
losis had riboflavin and nizcin deficiencies and there appeared to be a
correlation between the nutritional status of the patients and the severity
of the disease., The advanced tuberculous patients frequently had multiple
vitamin deficiencies such as vitamin A, vitamin K, ascorbic acid, niacin
and riboflavin although thiamine deficiency was rare, Conversely, however,
Higgins and Feldman (1943) found that diets which cent:ined significantly
low amounts of thiamine and riboflavin did not affect the resistence of
white rats to the infection of avian tubercle becilli, £ilso, Brewer et &l,
(19L49) studied the riboflavin, thiamine and nitrogen metabolism of six
women with moderately advenced, active pulmonary tuberculosis and found
that the thiamine and riboflavin metabolism of the tuberculous patients
was similar to that of the healthy college women, It is possible that the
occurrence of riboflavin deficiency in the patients studied by Farber and
Miller reflected a poor nutritional state of patients from low socio-
economic levels rather than a metebolic disturbance which resulted from

the disesse,



A combination of vitamin C deficiency apd active tuberculosis caused
a significant shortening of the survival period in guinea pigs and a
decrease in body weight (Greene and co-ﬁorkers, 1936) from that of healthy
animals, The lowering of resistence wzs possibly due to a reduction of
phagocytic activity of blood leucocytes in vitamin C deficiency (Cotting-
ham and Mills, 19L7). fLccording to Chiang and Lan (1940), the tuberculous
patients in China had Jower blood and urinary sscorbic acid valuces thean
heslthy persons. These workers found also that some of the advanced
cases sﬁowed evidence of diminished amounts of ascorbic acid in body
tissues by seturation tests. Similar results have been found in this
country; Heise et 8l, (1936) and Sweany et al, (1941) showed, by means of
tissue saturation tests with patients wilh tuberculosis, that there was a
correlation between severity of the disease and degree of tissue saturation
with vitamin C, Kaplan and Zonnis (19L0) studied ascorbtic acid blood
velues of 2L0 patients with tuberculosis, They found a correlation between
stage of disease and ascorbic acid in the blood, Getz et &al, (19LL) also
found low blood values of ascorbic acid in tuberculous persons, However,
the values they reported indicated little cbrrelation between stege of
disease and ascorbic acid ceficiency, WNo correlation between the severity
of tuberculosis and the degree of ascorbic acid deficiency w&s reported
by Roy et al, (15L1) and Hurford (19LE). Webb and co-workers (19L6)
determined the blood ascorbic acid content of 150 pztients with 211 stages
of tuberculosis who were on a supplement of 100 milligrems of ascorbic
acid daily., Again there was no correlation between serum content of

ascorbic acid and degree of tuberculosis, With this amount of dietary






supplement, however, the average blood ascorbic acid values for all
patients were well above 1.0 milligrams per 100 milliliters of serum,
Brewer (1949) reported that the urinary excretion of ascorbic acid follow-
ing a test dose by women with active tuberculosis was similar to that by
healthy women when a dietary supplement of 100 to 300 milligrams of
ascorbic acid wes given dsily., In contrast, the urinary excretion of a
test dose of ascorbic acid by women with active tuberculosis was very low
when there wes no dietary supplement of ascorbic acid., Getz (195L) steted
thet tuberculous pstients with fever had low average ascorbic acid vslues
in the blood and that it was almost impossible to bring body tissues to
the saturzted state even with a large amount of ascorbic acid, lie also
stated that ascorbic acid has been found repeatedly in the urine of
tuberculous patients in combination with various degradation materisls

and products of tissues destruction. A high ascorbic acid inteke mey 4herc-
fore ve necessary for the detoxification of toxic materisls from the
disease organisms,

Gorden and Flanders (1931) reported from a dietary survey, that
tuberculous patients consumed about 1,400 calories in comparison with
2,500 calories deily for a healthy person, Brewer and co-workers (19L9)
studied food hzbits of women patients with active tuberculosis and found
thet the caloric intake of the patients wes less then that of healthy
women, Since the body weight of the tuberculous pstient mey decrease
consideraebly during the development of the disesse, the diet should supply
enough celories to provide for weight gein for the underweiglit patients

and also to protect the utilization of protein by 21l of the petients,



In general, dietary practices for the tuverculous pztients heve been
based on studies of the food requirements of healthy people since tuere
has not been sufficient research to support quantitative estimations of
the nutritionel requirements of tuberculous petients. The nsed for
generous quentities of protein, celcium, vitamin 4 and escorpic acid in
the diets of tuberculous people, however, hes been stresced (Cetz, 195L;
Brewer, 195L) . Dietsery allowances which have been recommended by the
California State Department of Public [Health for tuberculous patients
include &5-125 grams of protein, 0.8 grams of calcium, 12 milligrams of
iron, 5,000 International units of vitamin 4, 1,5 milligrams of thiamine,
2.2 milligrams of riboflavin, 15 milligrams of niacin and 100 to 125
milligrams of ascorbic acid and an intske of 2,500 calories (3Sedgwick,

1946) ,

Blood conctituents in healthy individuels and in fuberculosis

It has been only in recent years thet microchemical methods have been
developed for the meesurement of blood constituents. These methods heve
provided further informztion concerning the mutritionel status of groups
of people and heve aided in the identific:ction of cases of border line
nutrition, For example, a definite relationship between the clinicel
picture of an ecrly deficiency and laboratory determination of vitamin
content in the blood has been reported by muffin, Cayer, and Perlzweig
(19LL) . & consistently significant relationship between ascorbic acid
intake and blood content wos found by Putnem et al. (19L9). #lso, kerrow

and co=-werkers (1952) reported ithst the relationship between intakes and
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serum values of ascorvic acid, vitemin A and carotene was highly sig-
nificant, Thus, the concentration of certuin substances in Llood, urine
and other biological fluids reflect the recent dietary intake of related

dietary factors,

hemoslobin, temoyglobin concentration in the blood is a widely used
index of nutritionzl stictus, » mumver of dietary cowponents including
iron, cotelt, copper, various enino acids and fectors of the vitemin B
conplex are recuired simidteneoucly to meintain roreel finctloning of the
hematopoietic system (Cariwright, 15L7). Storvick eb «1, (1951) fourd
that there was a highly significant relationship between vitamin £ in the
blood and the hemoglovin conceniratlon of the blood of sclected porulation
croups of adolescents in Oregon,

Elood hemoglobin velues may be affected by verious factors other than
diet, These incluce gge, sex, diurnal verisiions, sessonal variations snd
socio=economic facuvors,

hin average of 1l grams of hemoglotin per 100 milliliters of vlood for
adult females and 16 grams for adult males has becn usad &s stendards for
healthy people (Csgood, 1935; Wintrove, 1940; kcillister et al., 1947;
Beck et al,, 1951, and Fegez et al,, 1952), Pedly (194L) and Ohlson et al,
(19LL) fourd that the average concentration of hemoglobin for healthy
college women was 13,5 grams per 10C milliliters of vlood, haworth eand
co=workers (1952) reported that the mean hemoglobin value was 13,58 grams
per 100 milliliters of blood for young colleye women on &n institutional

diet, Sheets and co-workers (194L) found that the aversge hemoglobin



value for men wes 14.6 grams per 100 milliliters of olood and thab the
average hemoglouin velue for women was 12,4 grams per 100 milliliters

of blood in the study of hemoylobin concenlrzation of college men and
women., & lower average velue of 13,5 grams of hemoglobin per 100 milli-
liters of blood for men and 12,7 grans of lhiemoglobin per 100 milliliters
of blood for women was reported by Pett et zl, (19i€) in & study of
3,148 people in Canade,

Hemoglobin velues of 10,1 to 12,0 grams per 100 milliliters of blood
were considered to be indicative of modercte or slight nutritional éenemiz
and hemoglobin concentrations below 10,0 grams per 100 milliliters were
considered indicative of severe anemia by Kcucher et al. (19L0).

The influence of age on hemoglobin was reported by several investi-
gators, Guest (1936) found that infznts have a high mean level of hemo-
globin from birth to ten days, 19.0 grams per 100 milliliters of blood,
At two months of age, the mean was only 12.1 grams, and at one year of age
the mean hemoglobin value had fallen to 11.0 grams per 100 milliliters,
Thereafter, the meczn hémoglobin value increased, iiugrage and Lndresen
(1936) hack et al, (19L1) and Kaucher et al. (19LE) found an incresse in
mean hemoglobin values for boys and girls from 11,6 grams per 100 milli=-
liters of blood at one year to 1L.5 grams per 100 milliliters of blood in
the twelfth or thirteenth year, Thirteen yezrs is the age at which hemo-
globin v:lues for males and females begin to diverge, Girls meintain
relatively constant values into womenhiood. liemoglobin vslues for boys
increase continuously to a mesn concentration of 15,6 grams per 1200 milli=-

liters of blood at ages of seventeen to nineteen yeers,
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Diurnsl variations in hemoslobin were studied by Erown end Goouall
(1946) who found the hemoglobin values varied as much as 1,0 grams per
100 milliliters of blood for en individuzl during the period between
93100 A ), and 6:00 P, The average veriation during this time was 0,5h
grams per 100 milliliters of blood, Johnston (1945) nowever found thet
the blood hemoglooin concentrations varied relalively litile during the
course of the day, |

llack et al, (19L1) and Hegee et al. (1952) have demonstrsted that
people from a higher socio=esconomic level tend to have higher hemoglobin
concentrations ﬁhan those from a lower socio-economic level,

Tuberculous patients have been found to have a lower content of hemo-
globin in the blocd than healthy individuels; this has been particularly
true for patients with far advanced, active tuberculosis (Getz et al.,
19LL, 19L9; Shew et 3l., 1950) ., hAccording to Getz et 21, (19LL), approxi-
mately LO percent of the male tuberculous pstients which he studied had
hemoglobin values less then 12,4 grams per 100 milliliters of blood.

Getz et 81, (19LL) elso reported that statisbically significent relation~
ships were observed between hemoglobin and other blood constituents in=-
cluding plasma vitamin L, ascorbic acid, carotene, serum albumin, albumin-
globulin ratio and serum phosphetase, Getz found too that hemoglobin
values were related to the severity of tuberculosis, Thus, other nutri-
tional deficiencies may be expected to be associated with low hemoglotin

values in the tuberculous patient,

Serum protein, The range of total serum protein for hezlthy adults

hes been found to be from six to eight grass per 100 milliliters of serum.
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Values for scrum aloumin range from 4,0 to 5.5 grams and vzlues for

serum globulin range from 2.0 to 2,5 grams (Srucimen et al., 1930; Youmans
et al., 1943; idamson et al,, 19L5; Milan et &l., 1946). The concentra-
tion of total serum protein is influenced by the albumin and globulin
content in the blood, Peters and Eisemnman (1932) stzted that the measure-
ment of the total serum protein was not as significant as measurements of
the serum albumin and serum glooulin for evaluation of protein nutrition
since, in certain diseases, an increase in serum globulin may mask a
corresponding reduction in serum albumin,

In a study of 1,200 subjects, Youmans et sl. (19L3) found that 89
percent of the subjects with hyposlbuminemia had a concentration of total
serum protein within the range from six to eight grams per 100 milliliters
of serum, There was no correlation between the dietary intake of calories
or protein and serum protein, This study indicated that tle concentration
of serum protein may be relatively constant for a long period of time even
under conditions of dietary deficiency,

The disturbance of the protein fraction in the blood of a tuberculous
individual was observed by Seibert et al, (l9h7) and Harche et 2l, (1950) .
A slight rise of gamma-globulin in the serum and a decline in serum albumin
occurred in the early stages of tuberculosis, hs the disease prbgressed
the alpha=glotulin fraction simultaneously incressed. In the mean time,
the serum albumin showed a further decrease. These chenges were more in-
tensified in far advznced tuberculosis,

There was no difference in the blood of the healthy person and the

tuberculous patient as far as the total serum protein is concerned



(Getz et al., 19LL; Shaw et al., 1950). iowever, a considerzble re-
duction in the aloumin-globulin ratio has been found in tuberculous
patients, If the disease is well advanced, a decreasc of total serum

pratein might be expected also (Getz et al., 15L9).

Vitamin A and czrotenc, Ranges of LC to 200 Internstional units of

vitamin A and 50 to LOO micrograms of carotene per 100 milliliters of
plasma have beecn reported for healthy people (Kimble 1939; ibel et al,,
19L1; Youmans et al., 19LL; Adersbery et el,, 19L5; hnderson and Kilam,
19L5; rarris et al., 19L6; and Yiengst and Shock, 19L9). Bessey et al,
(19L6) has suggésted thet a ransge of 30 to 70 micrograms of vitamin A per
100 milliliters of serum represcnied an adequate mutritional state with
respect to vitamin /i, In the interpretation of his data, Getz et al.,
(19LL) selecied 110 International units of vitamin A per 100 milliliters
of plasma and 110 micrograms per 100 milliliters of plasma for carovene
as "normal" velues.

4L sex difference in vitemin A snd carotene content of the blood was
reported by Kimble in 1939, In general, tihe average value for vitamin A
in the blood of males was higher than the averaye value for females, The
average for the males wss 127 Internstional units per 100 milliliters of
plasma; the averzge value for the females wes 91 Internationel units per
100 milliliters of plasma, On the other hand, the averege ccrotene con-
tent of the plasma for males, 166 micrograms per 100 milliliters, was
considerably less thsn tiie average carotene content of 1057 micrograms

per 100 milliliters of plasma which was found for females, Sex differences



in vitamin A and carotene values of the blood were reported zlso by
hbels et al, (19L1) and Storvick é& al, (1951), inderson et al, (194L5)
found that the vitamin A values in blood of negro people were less than
the vitamin & values of blood of white persons of both sexes, No age’
differences in serum content of vitamin £ were fognd by Yiengst (19L9).

The vitemin & content of the blood is fairly stsble and is not
affected by the addition of small amounts of vitamin A znd carotene in
the diet; however, blood carotenoids decrease rapidly over a period of
one week when a diet low in carotene and vitamin A is given (Zrenner and
Roberts ,1943). Malnourishment and febrile disorders have been associated
frequently with low serum vitamin A, May and co-workers (1940) found
that low blood values of both vitamin A and carotene occurred in cases of
acute infection associated with fever, A positive correlation between
serum vitamin A and other blood constituents such 2s carotene, ascorbic
acid and hemoglobin wes found by Storvick et al. (1951) in studies of
selected population groups of adolescent in Oregon,

Getz et zl. (1941, 19Lk3) stated thet in blood of recently diagnosed
tuberculous patients, vitamin A wes lower than in the blood of those who
have been receiving treatment for some time, The percentege of tubercu-
lous pstients who had blood vitamin A values which werc considered to be
within a pathological renge (less than 30 micrograms per 100 milliliters
of serum) was greatest for the patients with far advanced, active tubercu-
losis and least for the group with minimal tuberculosis,

lHoore (1937) found thst low = vitamin £ vzlues in plasma occurred

in tuberculous pctients with fever, But Getz (19LL) stzted that the
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average vitamin & in plasma was only slichtly decreased in the tuverculous
patients because of fever,

A low plasma carotene in the tuberculous patients is not often found
unless the stage of the disease is far advanced, Values of carotene in
the blood similar to those for healthy people may be maimteined in the
tuberculous patients even when the values of vitamin A in the blood are
abnorm&lly low (Getz,1954), TLis condition would indicate that the

ability of the body to convert carotene to vitamin A is affected,

hscorbic acid, luch research has been done on blood ascorbic acid,

and there is perhaps better knowledge of the ranges of blood ascorbic ecid
in health and in discsse than of other vitamins, TYoumans (1949) found
that the concentretion of ascorbic acid in blood of healthy persons was
above 0,7 milligram in 1C0 milliliters of serum. Values in the range of
o4 to 0,7 milligram per 100 milliliters were considered to represent
borderline nutrition with respect to ascorbic acid., Values below 0,5 or
0.4 milligram per 100 milliliters of serum indicated that tissue stores of
the escorbic acid were deficient, Similar interpretations of ranges of
blood ascorbic acid values have been reportad by Gyorgy (1942) and Johnson
(19L3) .

The dietary intake of ascorbic acid hes been found to be related
significantly to the blood content of ascorbic acid (Kyhos et 2l., 19LlL;
Johnston et al, 19L6; Putnem et al, 19LY), A rise in serum ascoroic acid
occurred immediately following a test dose of ascorbic acidj; the pesk

value was reached about tiree hours after the test dose (Kyhos et al, 19LL),
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According to Johnston (19L6), a marked change in the intake of ascorbic
acid is also reflected in the fasting blood plaesma ascorbic acid content
in a period of only one or two weeks,

Values for ascorbic acid, vitamin £ and cerotenoids in the scrum
were significantly correlated in the study reporied by Storvick et zl.
(1951). ho correlation was found between ascorbic acid and hemoglouin
concentration by keiellan et al, (194€), noyer et al. (19LE) and Storvick
et al. (1951).

Low blood ascorbic acid velues have been found in tuverculous patients
by numerous investigators, Getz et al, (1941 and 1951).found thet 75 per-
cent of their tubercﬁlous patients had less than 0.6 milligram of ascorbic
acid in 100 milliliters of blood. In a study of 2.0 patients with clronic
pulmonary tuoerculosis, kaplan (194C) showed a correlation between the
degree of ascorbic acid deficiency and the stzge of development of the
disesse, The average-‘values of ascorbic acid in 100 milliliters of plasma
from control, moderately advanced, active and far advanced, activs tubercu-
lous patients were 0,78 milligrams, 0.70 milligrems of 0.L2 milli;rams
respectively, Similar results also were reported by other worlers who
have found that the depfession of ascorbic acid in the blood of tuberculous
patients was releted to the severity of the disease (iricsa and Lhertin,
1936; Sweany et al,, 191 and Chang and Len, 19L0). [fccording to Geta
(19&1), tuberculous patients who had received treztment ususlly had a
higher content of ascorvic acid in thie blood than recently diagnosed cases
of tuberculosis, Wwebb, Storvick and Clson (1946) on the other nand, did

not find that the serum content of ascorbic acid wes related to the degree
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or extent of tuvcrculosis, heavlan (L240) found ihet the concentrztion

of ascorbic &cic in blood plesiie in most of the petiznts could bLe reoised
to "normal" velues vy orel sdmindstratlion of symtietic ascorvic acid

with & doséere of 200 millirrams deily from one to six months.

10 sirnificent differ rence in the escorbic acid contont of vlood of
nerro and of wuite versons hes veen foun: in tuscreulous petienls (untz,
$L1). Fcmsle petients of voth ne ro and white people showed a uijher

serum ascorvic acid tiién mzle patients, ln recard to tue overwel it

petients, it nes vecn reported thet 26 out of 37 suvjects sunowed low
ascorvic acid in tue plesma (wlz, 1741) . Low escoruic scid velues in
pvloocd were found in lue tuverculous petients with fever and sofiening ol

$) }

lung tissue &nd 1t wos founu to be sluost impossivle to saturcie Lhe

N

tissues of thes= petients even witl, lar e quentilies of escoruvic acid
(vetz, 195L).

S:rum elkeline rhoschrtise, Tue funclicn of serum elheline phos-

-

(')

phetese is the relezse of incrginic phosvhiorus from or:inic phesvhoric
ecid esters (soaznsiy, 193L). iouison and Sozses (192l) belicved thet
serum elkeline phiosphetese was inportent in promotin ossilication tihrough
deposition of calcium phospuete from solable celcium selts of prosphioric
ester which wes prescnt in blooa, il.h scrum alkeline phosvaetese velucs
are ooserved in eerl;, rickets and hypoviteaminosis D, enu il.e scrum elie-
line phosphetase is procably diffused from tiue osseous ticcue (sodensly,
(193L).

Tue rance of scrwi alkeline pliosshetese in the nunen cdult hes ocen

reported as 0.6 to 2.3 nitropuenol units (uessey and Lowry;, 15ul) or
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1.5 to L .0 Bodansky units (bodansly and Jaffe, 193L); in children, tie
range of serum &lkaline phosphztase had been reported as 2.t to 7.7
nitrophenol units (Cessey and Lowry, 191 6) or five to li 3odansky units
(3odansky and Jaffe, 193L).

o significant change in serum alkaline phospheatase in healtly per-
sons after l8-hour fasting and a high protein diet or a high fet diet
has been found by Bessey ¢t zl, (1943) . Getz et &, (19L9) end Stew et a1,
(1550) reported thet the concentration of serum slkaline piiosphatase in

the blood of tuberculous patienus wes similar to that of hezlihy persons,
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EXPrrMERNTLL PilOCEDURE

Sub jects

The subjects in this study consisted of 53 hospitalized petients
with active tuberculosis; thirty-one of the subjects were patients at
the Ingham County Sanatorium, Lansing, Michigan and 22 were patients st
the Micligen State Sanatorium, nowell, nichigan, The subjects,
classified accofding to the degree of tuberculosis were: ten men &nd
twelve women with moderately advanced, active tuberculosis and eight men
and one woman with fer advanced, active tuberculosis at the Ingham
County Senatorium; twelve men and four women with moderately advanced,
active tuberculosis and four men and tiree women with fer advanced,
active tuberculosis &t the Michigan State Sanatorium,

kccording to age and sex, the subjects were as follows: thirty-four
male subjects ranging in age from 186 to 68 yeers and 19 female subjects
from 15 to 55 yeers, krmong 53 subjects, there were seven negroes (four
males and three females) and L6 white persons, 41l patients who were
selected as subjects had positive sputum reactions, &n attempt was made
to select only those petients as subjects who were expected to require
sanztorium cere for at least four montns, Prior to thne beginning of this
study, streptomycin had been given to all subjects; however, four
individuals were allergic’ to the drug end the treetment had been dis-
continued for them, Streptomycin was continued for the rest of the

patients throughout the study. Chest x-rays were teken at three-month
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intervals, During this tine, tlree supjects received thoracoplasty end

lovectomies were performed on six subjects,

Experimental plen

This investigetion wes begun in Cctover, 1952 et Inghem County
Sanatorium and in may, 1953 at the Michigsn State Sanztorium, The study
was terminated in December, 1953,

A personal history of food likes and dislikes &nd the customary
patiern of eating was obtained during the first interview with each
patient. 4 seven-day diet record also was collected from eech subject,
During this seven-day period, blood samples were obtasined from the sub-
ject in the fasting stete for the anclysis of blood hemoglobin, total
serum protein, vitamin A, carotene, ascorbic acid and alkaline serum
phosphetase, Thus, the food intzke and blood constituents were determined
for each petient on the customéry hospital routine. This represented the
control period for the individusl pstient, #ifter the conirol period,
modifications were made in the diet to improve the dietary intake of
individual petients. All subjects were encouraged to eat all protein
foods such as meat and cheese which were served on the hospital trey,

One or more eggs for breakfest and at leest four glasces of milk were
provided for each p&tient deily, Vitamin tabtlets® which contained 5,000
Internationsl units of vitamin &, 1,000 Internestional units of vitamin D,

2.5 milligrams of thiamine,2.5 milligrams of riboflavin, 50 milligrams

1 ibdol, No, 218, Parke, Davis & Co., Detroit



of ascorbic acid, 20 milligrams of nicotinamide, five milligrams of
pantothenic acid, 0,5 milligrams of pyridoxine, one microgren of vitamin
Bys, &nd 100 milligrems of ascorbic acid were also given to each subject
daily. One serving of beef liver wss added to the usual hospital diet
weekly throughout the study, Two subjects who could not eat meet and
liver were given a protein supplement® and twelve milligrems of iron”~
deily, At six-week intervels, seven-day food records end fasting blood
samples were obtzined from each subject for a period of four months,
Patients were visited by the author once a week during this time and a
dietery recall record was obtained for the dey previous to the visit,
The medical history of each subject wos examined at the end of the
experimental period,

Certein irregularities developed during the process of the experi-
ment, One of the women with moderetely edvanced, active tuberculosis
transferred from Insham County Sznatorium to Michigan Stete Senatorium
at the end of period I &nd another was discharged to her home in period
ITITI, Of the 15 women in this group who commenced the study, 13 continued
throughout the three experimentel periods,

There were four women petients with fer advenced, zctive tuverculosis
at the beginning of the investigetion, Cne petient died immediately
after period I, This was tlie patient who formerly hLad been stucied et

Inghzm County Sznatorium as a patient with moderatesly adv:uced, ective

* Protenum, lieed Johnson & Co., Evansville, Ind,

2 - -y . . ~ s - .
Ferrous sulfeste, No. 7, £li Lilly & Co,, Inaieanspolis
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tuberculosis and then transferred to wichigen Stele Sinztorium, %hen

tlds study was initizted et Michigen State Sanatoriwm, the dugrse of

uberculous involvement for this patient wes classed as for edvanced,

47}

)

She perticipeted agiin in the exgeririent and wes studied during enother

conirol period and the first perilod preceding ber death,

Cf 22 moderately advanced, active tuverculous men potisnts, 10
cooperated throughout the entire study. Two of the olher paiicnis hed
surgical treatment in period I; one of these cooperated during perioad
II but left the sancborium in period III, Two pztients left the sanz-

torium against medicel advice in period II, dAnother patient nad én

operetion in period II but resumed cooperation with the experiment in

Cf 12 men petients with fer advanced, active tuberculosis, only

seven were able to perticipate continuously until the end of tihis in-
vestigetion, Crne patient had an operation in period I but rejoined the
experiment in period III, Two men left the ssnctorium a;cinst medicel

advice in period II, end two left the sanctorium cgeinst melicil sdvice

in period III,

Dictery records

The nmutritive velues of the diets were celculeted according to the

table of food velues published by Donclson end Leichsenring (ly:l).

slood sempling

d

L festing venous blood szmples wecs tzken from the forearm of each

subject by venipuncture; the blood w:s drcwn into a syringe and tuen
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transferred to a fifteen milliliters centrifuge tube. Szsples for the
eterminetion of hemcoglobin were taken immediately and lhe remeining
blood was allowed to clot for thirty minutes, The blood then was cenbri-
fuged end the serum was removed, In order to protect the sscorbic acid
from possiole destruction, an 2liquot of serum wus frozen with dry ice,
tezken from the hospitel to the lavorsztory in the frozen state, and kept
in frozen storzge for the determination of vitamin i, czrotene, ascorbic
acid and serum alkeline phosphetese, /inother aligquobt of serum, which
was not in the frozen state, wzs used for the determination of serum
protein as soon as tie serum saniples resched the laboratory. Blocd hemo-

globin was determined within four hours after the sample wes collected,

Chemicel method

The blood hemoglobin values were determined by the alkaline hemaiin
method (Sanford snd Shesrd, 1930) with the use of & photelometer,”
Duplicate blood samples of twenty cubic millimeters were diluted with
ten milliliters of 0,1 percent soaium carbonate in a fifty milliliter
flask, The percent transmission was measured on the photelometer; the
photelometer was adjusted to 100 percent trensmission with distilled water,

Serum protein concentration was measured from a ten cubic millimeters
serum sample by the method of Lowry end Hunter (19L45) which spulies the
gradient principle for the measuresent of specific gravity. The specific
gravity of the serum was determined from a greph showing the position of

rest of droplets of potassium sulfate solutions of known densities,

1 Cenco-Sheard-Sanford photelometer, Centrel Scientific Co.






The carotene and vitamin A velues of the serum sample were debermin-
ed by the micro-method of Bessey, Lowry and Brock (1946). The blood
serum was saponified with &lcoholic potassium hydroxide and the cerotene
and vitamin & were extracted with a mixture of one volume of kerosene
and one volume of xylene, The optical density of carotene was mecsured
at a wave length of L0 millimicrons with a sPectrOphotometer,l and the
optical density of vitamin & wes measured ab a wave lengih of 328 milli-
microns, The sample then was removed to a soft glass tube and irradisted
urder an ultrza violet lamp2 in order to destroy the spectrel absorpticn
of vitamin A at 329 millimicrons; the optical density of the irradisted
solution was messured at 328 millimicrons to ootein an estimate of the
compourds which interfere with vitamin 5 at this wave length, The con-
centration of carotene and vitamin A was expressed as micrograms per 100
milliliters of serum, snalyses of ccrotene and vitamin & were mede in
triplicates and 200 cubic millimeters of serum was used for each sample,
Standard solutions of vitsmin & acetste and beta-carotene were used to
check the procedure for the determination of serum vitamin A and serum
carotene respectively,

Lscorbic acid was determined by the micro-method of Lowry, Lopez
and Bessey (1945, 1947)., This method depends upon the quentitative de-
velopment of & colored product of phenylhydrazone when dinitrophenyl-
hydrezin reects with oxidized ascorbic acid (dehydroascorﬁic acid),

One hundred cubic millimeters of serum were used for each determination,

1 Beckman spectrophotometer, podel DU, Central Scientific Co,
2 Bahl lamp, Generel Electric Co,
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The opticel dencity of the phenylhydrazone wis mecsured at a wave length
of 520 millimicrons and the concentration of ascorbic acid in the sample
was estimated from & standerd curve prepered from knoﬁn concenbral lons
of ascorbic acid which were trested in a manner similar to the serum,
The activity of serum alkaline phosphctase wes determined by the
method of Bessey, Lowry &nd Brock (17L6), using sodium pers-nitrophenyl
phosphate &s the substrste for the enzyme, The optical dencity of tie
enzyme-relessed para-nitrophenol wus measured by using a spectrophotome-
ter! at a wave length of L10 millimicrons, Cne nitrophenol unit is
defined as the amount of phosphatese activity per liter of serum which
is required to liberate one millimole of nitrophenol per hour from
sodium para-nitrophenyl phosphste under the specific conditions of the

test, 4 ten cubic millimeters serum sample Was used in each determination,

Clinicel records

Information wss obtained concerning body weight, and heisht, fluctu-
ation in body temperatures and X-ray findings from the clinical records

and mediczl histories of the patients,

! Beckman spectrophotometer, todel DU, Central Scientific Co.



KSSULTS AND DISCUSSION

Food intexe of subjects: Control period

The mutritive velue of the seven-day dievary records was calculated
according to tne table of food values published by Donelson and
Leichsenring (1951), 4lthough the crlculated velues are not as accurate
as determination of food value by direct chemiccl anelyses, this method
has been used satisfactorily by several nutritional r:seasrch leboratories
(Cillson et 21., 19L8; Brewer et al., 1949; Dieckmann et al., 1951) for
estimation of the food intake of groups of individuals,

The averags food intake of patients from Ingham County Sanaﬁorium
was comparéble to thet of the patients from Michigan Stcte Sanstorium
during the control period, Statistical anslyses by tne Fisher "t" test
indicated that there were no significant differences between the two
sanatoria in the average intzke of eny of the celculated nutrients for
either men or women patients. The comparison of the average food inteke
of patients from the two sanatoria is shown in Table 22 of the /ppendix,
On the basis of this analysis, petients from the two sanztoria were
grouped together as follows: women with (&) moderstaly edvanced, active
tuberculosis and (b) far advanced, active tuberculosis; men with
(2) moderately advanced, active tuberculosis and (b) far advanced, zctive
tuberculosis,

The average food intakes of women petients with moderatcly, advanced

and far advenced, sctive tuberculosis on the customary hospital routine
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and after modifications were made to improve the dietary intake are
given in Table 1, Intakes of nutrients by the individuel subjects are
given in Tables 23 to 27 of the Appendix. In the control period, the
average daily caloric intake for the fifteen women with moderately ad-
vanced, active tuberculosis was 1,784 calories with a range of 1,131 to
2,66 calories per dsy. The distribution of these patients according

to the range of the food intske is presented in Table 2, There were
three patients in the renge from 1,000 to 1,399 calories with an average
intzke of 1,254 calories per day; five patients in the range from 1,L00
to 1,799 with an average intake of 1,658 calories per day &nd six
patients in the range of 1,800 to 2,199 with an averages intake of 1,9¢9
calories per day., The distribution of women patients with far advanced,
active tuberculosis eccording to graded nutrient intakes is given in
Table 3., The averzge deily caloric intske of the four women patients
with far advenced, active tuberculosis was 1,0L6 calories, with a range
of 1,067 to 2,556 calories, Two of these patients had daily csloric
intakes in the range of 1,000 to 1,399 celories. The other two peticnts
had daily caloric intakes of 1,£23 and 2,556 calories, respectively,
Caloric intakes for 17 of the women were less than the recommended allow-
ance of 2,300 celories established by the Food and Nutrition board of
the Netional hesearch Council (1953) for a woman weighing 55 kilograms,
necently, however, dietary surveys have indicated that the recommendations
for calories masy be overestimated (Winter et al., 19L5; Ohlson et al.,

19L8). Horeover, with continued bed rest, it may be difficult for the
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Tenle 1, The kvereage Food Intakes of Women Patisnts With fActive

Tuberculosis
Degree of wo, of Cslories Protein Fat Carbohydrate
Period Tuberculosis  Suojects Cma) () (em,)
Control iiod. zdv. 15 1732 732 774 1502
90 * 3.2 5.7 £.6
Far adv, N 16462 5ok €et 1942
127 4.k 14,5 L2.3
I wod, adv. 15 19542 592 M 160%
11h 6.8 5.8 9.6
For adv., L 16362 oM 708 1774
300 14,6 15.0 25.3
I lod. adv, 1 16652 c6t 692 1902
130 6.0 7.9 10.5
Far adv. 3 1619 952 78X 12k
254 11.6  15.L 26,2
IIT liod, adv, 13 1800 got 9ol 1756}
99 3.k 5.6 11,7
Ter adv, 3 19112 112 A 19uF
334 26,6 35.3 26.9

* Standard error of the mean



Table 1 continued

30

nscorbic

Calcium Fhosphous Iron Vitamin 4 Acid Thiamine kiboflavin niacin
(m.) (o) (m=l)  (T.ul) (mz.) (ng.) (ng.) )
1,22% 1,30  g.71% 137422 101t 2.5L% 3.L2t 20,32
0.03 0.03  0.L2 1071 15.3 C.71 0.69 5.33
1,00t 1,168 9.2§i 56134 11(; 1.ohf 1.79% 7.2%-
0.20 0.22 1.5 1673 Ly .2 0.17 0.36 2.25
1.612 1.6 9,76  1ozeor 22l 3.835 59l 31.3%
0.du C.lh 0,36 1368 9.3 0.03 0.17 0.bh
1.07* 1.26  9.25% 16590 295 6.12F 6.33% 34,32
0.25 C.28 2,27 2125 56.7 2.53 1.97 1.1
1.53% 1.0 11.8'3: 158392 217};.’: u.glr s.ifzi 35 .ol
0.10 0,03 0.9 1650 1.1 0.59 0.L0 .03
1.072 1,303 11.49%  1ho3cd 206 6.35% 6.97 33.04
0.23 0.17  2.70 2247 69.2 2.98 2,54 .67
1.3582 1.L7F  9.72% 120363 2022 1i.39% 5.57% 35.02
0,02 0.62 0,06 1199 33.7 0.55 0.52 RIS
1.1t 1.53% 11.06%  120u6F 226F 5.95 6.352 32,7
0.20 017 2.73 2233 17.6 2.26 0.95 6,61




Table 2

The Distribution of Women with loderately l.dvanced, ictive Tuberculosis,
sccording to the hange of ood 1ntaL

Lo, of Control Fcriod ¥ean for Pcriod
Food Intzke Subject hance maan 1 11 - 1LI
Calories 3 1000 - 1399 125l 2032 1616 1725
S 1500 = 1799 1650 1731 1571 1530,
6 1800 - 2199 19¢9 1955 2037%  1973°°
1 22C0 = sbove 2ii66 2831 22 2762
Protein 1 Less then 50gms, 45 €9 €5 é2
2 50 - 6l 57 B 73,
b &5 - 19 7L €7 e, €3F
L €0 - above &5 ol 111" 9F
Calcium 1 Less than 0.6.m, 0,52 1.34 1.33 1.07.,
8 0.8 -1.21 1.C6 1.h8 1.3q“ 1.28”
o 1.22 - above 1.56 1.61 1.8 1.5C7
Vitanin & 0 Less than 3500 - - - -
o 3500 = L9299 - - - . -
15 5000 - above 13742 10520 156397 12036
rscorbic acid 1 Less thzn 50mgz, L9 12 172 170
N 50 - 7bh mg. Ol 209 35 299
o 75 = 99 mg, b6 232 267 277
L 1C0 and above 174 254 237 23l
Thiamine 1 Less than 0.8mz. 0.77 3.70 11,05, &.72 %
8 0.6 - 1.19 1.00 3.68  3.25°  2.72°
6 1.2 - above L.t9 L.o5 L,58 L Lk
kiboflavin o) Less then 1.Cmg., = - - -5
2 1.0 =19 mg. 1.3L  5.76 5.3L7 L.50
1 LS - 1,99 me. 1.7k 63 9.25  9.02,
12 2.00 znd above 3.91 5.35  5.75 5.31

3#*
One subject dropped out of experiment.
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The Distrilution of Vomen with Far ifdvenced, ictive Tuberculosis,

hccording to tie nente ol Food Intika.

o, of Control Period i.cecn for Foriod
Food Intale  Sunject & ean L il LI
Celories 2 1000 - 1399 1103 1222 12¢1° 2¢13°
C 1000 - 1799 - - - -
1 1860 - 2199 le23 100 2005 15Ch
1 22C0 - zvove 2556 2201 2150 1735
Protein 2 Less thon 50 gus. 36 50 T 176"
0 50 - (b - - - -
1 05 = 79 7 3 ou 73
1 (C = avove 91 122 117 )
Calciun 1 Less tlian 0.8 0.59 0.1 O.SBV 2.23
2 0.5 - 1,21 0.96 1.1h 1.26% 0.907
1 1,22 - zvove 1.50 1.5¢ 1.43 1,23
Vitamin A 1 Less then 3500 1715 13906 1235h 0923
1 350C - 4,997 3735 19865 = -
2 S000 - zoove Lo02 146271 15220 14008
iscoroic scid 1 Less then 50 m~, 29 172 171 193
1 50 = 7h me. 67 Ll o2 253
0 75 = 99 my, - - “ . T
2 100 end above 15 296 231 232"
Thierine 1 Less than 0,6  0.66 3.06  3.17 3.59,
1 0.6 =1.19 0.5L 3.58 - -
2 1.2 - above 1.33 .92 7.9 7.2
itiboflavin 0 Less than 1.0 mg, - - - .
2 1,0 - 1.9 mg, 1,24 L.J23 3,007 LU
O l-s - 1.99 m;N,. - - - -
2 2.0 and above 2.3k 8.63 8.53 6,57

% ..
Cne suuject

died during the e:reriment,
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paticnts to coﬁsume sufficient food to provide the recommenced alloweace
for cslories for healtilyy Individusls,

Weigsut, height end &pe dete sre given for the individuel wemen sub-
jects in Tables 2§ and 29 of the iLppendix, Ten of the fifteen women
patients with mederslely aavenced, sctive tuverculosis wure considered
underweligcht; body weights of these subjects were ten percent or more unacr
the averaze weight according to standerd tables of weight in reletion to
height and age (Cooper, 19u.7). The avercge caloric intazke of the ten
underweight petients during the control period wes 1,00L4 celories per dey.
The average caloric intake of the five subjects whose body weigzils ranged
from =6 to +5 percenﬁ of stenderd weisht wes 1,LLL calories per duy.

/11 of the four patienis with fer acvanced tuberculosis Wwere underweignt,
Body weights ranged from 97 to 120 pounds and the devistions from "ideal"
bodyweight were =7 to =20 percent,

The averege protein inteke of the moderctely sdvanced, active tubercu-
lous women patients in this study wes 73 grams with a renge of L5 to 93
grems, rlthough the average deily protein inteke compered favorebly with
the daily allowence recommended by tl.e Food and Nutrition Soard of the
wationsl keseerch Council in 1953 for women, it was somewhst less then
the velue of &0 grams of protein per diy suggested by nrewer et al, (1949)
to provide for nitrogen retention by tuverculous women pitients, One
patient had an intzke less then 0 grems per doy; deily intaizes of two
patients were in the range of 50 to ©h grams with an averzge of 57 grams;
eight pstients hed intckes in the renge of 35 to 79 graws with an everage
of 7L grams end four patients had intskes which were higher then tO grems

rer dgy.
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The protein intecke of the four women with fer elvenced, active
tuperculosis ranged from 32 to Yl groms per dey, with an svereage of ©Y
crams, Two of the patients hod protein intckes less then 50 grams per
day.

The average daily calcium inteke of the women paticnts with moderate-
ly advenced, active tuberculosis wes 1.22 groms during the control period;

this was similar to the calciun intcke which was predicted by Brewer et el,.

L

(19vL) for calcium equilibrium of women with active tuberculosis, The
range of deily celcium intake of patients in this group wes from 0.52 to
1.75 grams, aine petients Lad everage deily intskes less than 1.22 grams
of calcium per diy, One of these patients had an intske of only 0,52
grams calcium per dcy. The range of deily calcium intske for the four
women with far advenced tuberculosis was from 0,59 to 1,50 grams, with an
average of 1,16 grams, Two patients hed calcium intzkes less than 1,22
grans per day, with an sverege of 1,16 grars, The patient who had the
lowest calcium intske (0.59 grams per day) drank no milk,

The &verzgze doily phosvhorus intcke of the peatients was 1.30

grams

<

r

with a range from 0.75 to 1,10 srams, brewer and co-workers (195L) found
thet 1,30 grams of phosphorus daily provided for phosphorus equilivrium
for women with moderately advenced, active tuberculosis; this amount is
usually supplied oy a diet which is adequate in protein and calcium,
Intakes of seven patients in this study were less than 1,38 ¢rems phos-
pherus per day. The renge of phosphorus intske for the wowren with far

advanced tulLerculosis wes 0,70 to 1,33 ;rems, with an averese of 1.16

grans per day,
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wo studies of the iron metabolism of tuverculcus palicrts have been
found in the litersture, bDbgstimations of tle iron reauirement of tubercu-
lous patients thus have been besed on recommendeztions for heclihy pzople
and the intckes required for the maintensnce of adecuate amounts of hero-
glooin in the blood of the pstients. The everege deily iron intcke for
the women with moderctely advinced, active tuberculosis was 0,71 milli-
grems., Only one patient had a deily iron intake over 12,00 milligrems
which is the allowence for iron recoumcnded oy the Food and kutrition
Board of the Nationel Research Council for healtly women (weight, 55 kilo-
grams).  In comparison with this azllowsnce, the averzie iron intake of
the petients Wwes considered to be low, Tue iron inteke of three of the
women with far advsnced, active tubcrculosis elso wes low. The averspe
for this group wes 9,22 millisrems per day, One patient however hed a
deily inteke of 13.30 milliprams,

i daily allowance of 5,000 Internstionsl units of vitamin 4 hes been
recormended by the Food and Nutrition soerd of the Ketional lLesearch
Council for diets of hezlthy men and women., The eccwnvlation of data in
the literature which indicate a disturbence of vitamin i metacolisw in
tucerculosis indicstes also thet the vitamin &£ requirement for tuberculous
patients is consideracly higher then for heslthy persons, altihough qﬁanti-
tative rcgquirements heve not been estsblished, The avers;e inteke of
the women with moderately advanced, active tuberculosis wes 13,702
Internstionsl units, with a range of €705 to 21,472 Internztional units
daily, The highest deily vitamin . inteke of 21,L72 Internctional units

resulted oecause one of the subjects rececived a vitemin supplement which






corbeined vilumin £, Tuous, lhe averc v intile w2 rore then twice tie

recommended daily allowence for boeadiby poeoile,  The

vitemin £ intele of women with feor advencu, coblive

then for Lhe woren with modercbely suviniceu, Looive

. A s
+

avere;e delly intrre of vibonin » fuor T for adviaced tobcrcdons poticnts

was 5,13 Interneitionsl Unitc, with a rrage of 1,719 to 10,322 Inter-
netional units. Yhere wers two peticnis witi reletively low dnleres of
1,715 and 3,735 Interunzvicnsl units of vitamin L per dey, rospectlively,
Tle aversge daily ascorbic acid inteke of tue petients in the control
period wes 101 milli,ems with a renge of L9 to 200 milligrams, The ever-
ag2 delly escortic acid intske wes sinilear to the ascorbic acid inteke
reconmended by Weob eb &l (1lvLi) but less then the emount (evereye of
2C0 milli.rams) whicii wes sur osbed oy brewer et el (l?b}) 8s & desireble
supplement to the hospitidl diet for women with active tutercudosis, Cne
petient had an ascorblce acid intskhe whici wes less then 50 milligrems
per dey; four paticnts head dedly inbtekes in tie rence of 50 to 75 milli=-
crars of ascorbic acid; six petients had escoruvic scid intshes of 75 to
99 milligrams eand four velivnits had inbtziiecs whicli were more tihen 10C
millizrams per dey. Cne patienﬁ with fer advoncced tuberculosis hed en
escoribic acld intazre of orly 2y milligreams per dey., Tids peticnt did notb
accept citrous fruits or other fruits weich supply epprecicble amounts of

ascorbic acid. Since the patient wes a recent adnmission to the sanztorium,

.

the physicien hed not prescrived an escorcic acid supplement so thet she
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mizht be used &s a subject for tids stuuy., Cne wonen witih far cdveoicod,
sctive tuberculesis had an eaverage dedly inteke of O7 willi:rens., Tie
other two patients in this group had sverege deily intakes which were
higher then 100 millisrems.

The everese thdamine intale of Lhe women patiente with moderalely
advencad, &active tuverculosis wes 2.04 wmilliyrans with g renze of 0,77
to 8,74 millizreme, The higher thiemine intekes represented tie diclory

. -

intskes of patients who rsceived vitamin supplements. Une pallent had
a deily thiamdine inteke wldch wes less then C,0 milli_ rous; elght petienls
had thiamine intekes which were in the reérnge of 0,8 to 1,19 milligrims
and six patients had more thén 1,2 nilligrans of thiemine per dey. Cne
petient with fer advenced tuverculosis had an intike of ornly 0,60 milli-
grams per dey; one woman had an intcke of O,ch milli -rems and the otler
two patients with far advanced tuberculosis hed 1,33 willi.rucs or nore
per day, There are insufficient deta in the litersture to provide an
estimate for the tiiamine requirement of tuberculous petients. bLrewer
end co=workers (1949) reported that the mctcvolism of thismine oy tubercu-
lous women was found to pe similer to that of heeltly woren. From thel
it would appear thset an inteke equivelent to or sliziitly above thnet of
the requirement for nealthy women shioula be adeduate for tie tubcrculous
patient,

The riboflevin intake of thie women with moderctcly edvenced, ectbive
tuberculosis averaged 3.42 rilligrems with a renge of 0,80 to 3.93 milli-
grams per day, Only tlree of the fifteen patients had intekes which were

less then 2,00 milligrams of riboflevin deily, Brewer et el, (19L9)



reported thet en inteke of 2,06 milli;roms eppesred to ve edequote for

women with moderately edvenced, ective tuberculosis, Six of the fiftecn

peticnts had intekes of 2,0 milligrams per doy or more. Two of the women
atients with fer sdvenced tuocrculosis izd inteles of 2,0 milliroms or

ricre per dey, COne petient recelved only 0,6 millivrams &nd @nother

petient with far edvencced, ecltive tuboerculosis hed an average diily in-
tzke of 1.L9 millicrems of riboflevin,

The aversge deily niccin inteke for the women witn far euvanced,
active tuberculosis rénged from 1.2 to 12,0 millirrerms with an everegc
of 7.2 millizrems, This wés consideravly lower thon the intake of the
women with mocerately advenced, active tuberculosis which evercoged 20.3
milli:rams per day, and wes &lso less thien the allowince of 12 willi rams
per day which hes besn recommended vy the Food &and kutrition cosrd of
the wationsl Eesearch Council (1953) for a heslily women, twenty-five years
of age, and weigning U5 kilocrems,

Few studies of the nutritional recuirements of men with tuberculosis
have peen found in the litereture, Lvaluation of the adsguacy cf the
diets of tuberculous men who acted es subjects in this study hes been
mede on the beasis of the recormended allowances of the Food &nd wutrition
oard of the kationcl hesesrch Council (1953) with the reslizstion tuet
additional amounts of protein, cilcium, ascorbic acid and vitamin i are
desireble for tuberculous patients.

The averege food intsl2s of men patients with moderately suvinced

end far sdvinced, zctive tuberculosie in tne control &nd experimentel

Q

periods ere given in Teuvle L, Int:es of pubtri nts by the individusl

ubjects are given in Tables 30 to 33 of the wppendix. The districution



Penle Iy, svers w2 Dally Food Intake of ren With sctive Luoerculosis In
Control ena @werincnuvsl Poriods

Feriod boree of ito, of Celories lrotein et Cerbouydrate
T renlouis  Snuincts (=) (1) ( ;mi
Control hoi. adv, 22 20712 9k 992 2052
11 3,0 7.4 9.b
-
Fer adv, 12 1fita 79~ 103 1okl
123 SRS, G.h 10.6
i Lod, auv. 20 20572 (9L (72 2072
30 L. 5. 77.3
: e o+ . +
Far «dv. 11 19703 G 9c: 191
105 L.9 5.5 15.3
o o o . o+ .
11 r.od, cdav, 1 gO;Qi uy: 9 o= 199:
$3 3.7 0.3 10.0
. 1. \ i ~ ot
Far sdv. 9 eoliet 90 ont 2C5.
119 7.0 5.6 12,6
111 wod. adv. 15 19422 oM 95+ 1972

Fer zdv. 3 1797 eoX i34 16t
l’)‘y 902 Lo 1‘09

% Stenacrd error of tie mecn



Taule L4 = Continued

iscorcic

Calcium Phesphorus Iron Vitamin & fcid  Thiarine nibcilovin wiccin
( gm) (sm) (ri”) 1.0, (rig) (n:s) () ()
1.59=  1.61%  10.L(E qey3t 7ot 1.71% 3.00% 1h13
0.10 0.C3 ©.03  11kLL 6.3 0.3 0.33 2,71
1318 1kt 1.7t oAt ot 1t 20t 1008
0.16 0.1k 0.9k cli2 5.1 0.00 0.Lo 074
1.76% 1.723 11.20% 13.173% 2073 3.7¢% 5,108 29.1%
0.17 0.10 071 1nh2 I 0.10 G20 0.LS
1.62% 1,70 10.25% 13,hizd 2nil 3,702 5.36%  31.0%
0,16 0.12 0.35 1010 0.1 C.06 c.25 0.Lo
1.07% 1.9¢%  13.67% 1.,002% 21ht 3.00% g.osd 23k
0.70 0.17 1.LS 921 6.0 0.1 0.20 C.99
1.60% 1.75% 10,66 13,1608 209% 3.7 s.2ct  31.LE
0.17 0.1L 0.42 20LT 7.5 0.0¢ . 0.ho G.57
1.652 1,662 12.L5% 11,5032 2002 3.06% s.29r 3ol
0.1h 0.10 1.1¢ Lo L.3 ¢.10 c.2> 0.Co

1.L92 1.56 105t 11,7972 20t 3.952 L.91r  30.2-
0.22 0.17 1.27 1125 5.6 0.33




oI tle patients according to gradsd intekes of nutriontu 1s given in
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The average daily cileric inteke of 22 men wilh modorately edvinced,
ective tuberculosis durins the control veriod wes 2,071 csleries, with a
rensz of 1,340 to 2,901 celorics, There were two pabicnts wlose celoric
intekes were in the rene of 1,000 to 1,399 celories with an everage of
1,268 calories, Four patients hed &én avere: e doily celeric intzhke of
1,62L cealories, with a ronge of 1,500 to 1,799 celories; eisht petionts

o

en averags daeily ccloric inteke of 1,972 celories, wilh & ring:

by

o)

hac 0

©

@

e

1,600 to 2,199 celories, The other elgnt pelienits in this group had
daily calcric intekes above 2,200 celories.
The averege deily caloric intzke for the 12 men with for advenced,
sctive tucerculosis wes 1,7.6 calories, with a ren-e of 1,037 to 2,047
3 b - I b
calories, Ten of the 12 petients had csloric intekes less then 2,200

calories per dey (Tablz o).

ere given for the inoividusl mele suu-

W

Weight, hei hit and 2o det
jects in Taoles 35 and 3¢ of the wppendix, Ten of the 22 men petients
with moderately sdvenced, aciive tuborculosis were eviluzted to be undor-
weizht, 7The averzge caloric intake of these ten petients in the control

eriod wes 1,925 calories per dezy. The 12 subjects whose bodywelghits
’ o J N; 3

ranced from =9 to +16 percont of "ideal™ weight hed en cversse inteaie of

w

o

2,217 caleories per dey, wmine of tie 12 men with fer advenced, eciiv

s

Fal

tuoerculosis were considered underweipght; the avereze ceéloric inteke of
hese sucjects was 1,391 celories per dey during the control pericd,

The averags caloric intele of tle thrse subjects whose bodywciphits ren.ed
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Tevle 5
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The Distrivution of ..cn with wodurctely «dvinced, sctlive Tunerculosis

tccordins to the tiance of rood lnteke

wutrient

ano, of

Sut ject

Control Feriod

reen Tor pemeriien

1 Foriod

eenaee 1r.een

111

Celories

rotein

Celcium

Vitamin A

i scorbic ecid

Thiamine

wiboflevin

o COETN

10

n

[l W UI\O Ul = o

100C=1399 12.6
1.00=-1795 1loek
10Co=219y  197¢

2200=coove 2500

Less tlen
0 cms Y

L=Te s o7
(o= (3 o)
9C=zbove 105

Less Llen

350C 1,0, 3116
350C-L9y91 .6 L151
50C0=coove YL

Less tlien

50 mg, 0
20-7kL iz, 3
75=99 mga. )
100 ana ebove 157

Less then

C.t mr. C.5¢
0.C=1.19 1=, 1.07
1.2=sbove 2.19

o

ss tuon

1.0 m7, -
1.0-149 =, 1.LC
1.5=1.99 mg, ==

e

(O]

2.00 end zuove 3.0H

< s

d

< o

17ks

1 ,lh—h-:
1947

€
3%

7717,
3,beg

11,61~

e

s,
1947
LcE,
21¢

219

* Subjects dropped out of ex-erirent
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The Distrioution of ilien "ith fer ifdvanced, nctive Tuterculosis
wnccorcing to the Kanse of Fooa Intzke

rie2 il
Food Inteke No, of Control FPeriod For somerimentel Feriod
Subject  Win FOICED | 1 11 i1
Celoric 1 10C0-1399 1C35 1985 1y91 -
o} 13C0=1759 117 1oeg™  dAyilmm™ 175377
1 10019 20 172C0  17CY 1aCo
2 2200=s50ve 2195 2025 2503 ey
Protein 2 Less tusn 0 ns L9 91, 507 -7
5 60=7l 70 757 bo: 7}
3 To=i9 ol cC oy el”
2 $0-zbove 125 117 117 127
Calcium Less tinen 0.8 0.62 1.76  1.33 -=F

==

Vitemin «

o]
O+

r.scorbic acid

[NCRN a2

Tniemine

diboflavin

~wHH VTN

O.0=-1.21
1.22-cbove

1.10
1.5

2571
Lok
tel9

Less than 3500
3500=L999

BICC=-zoove

Less thon 50 mo 39

5C-7L mg &0
75=99 m7 c0

100 end svove 103
Less tnen CLE C.67
0.6=1.19 1.00
1.2-zoovse 1.41

Less thrn 1,0 me 0,L0
1.0-1.49 mg
1.5-1.97 ne
2.00 and avove

1,537
1.7

1.L0%
L.92

10,0°h 10,129
(;,lx,(/) 9,7;’;0

9,102

s

e R Oy
1L, 6LG% 1,090~ 12,182

19l

. 193,
1cy

ST

215%

5 051 b .OC’.‘:
5.11  5.377
2 .LL:)' LL OSE-"‘

% Subjects dropped out of experiment



from =L to +& percent of M"ideel" weirht wes 2,105 calories per dry.
The protein inteke of the mele petients with noderztely edvenced,

active tuberculosis during tie conbrol period ren-ed frem 57 lo 11o grems

]

per day; the aversge wes (9 grams per day, Cily one peticent hed a
protein inteke less then €0 grems per doy. Four pelienls had protein
intakes which rengsed from 0 to 7L ¢rzms per diy end seven prticnts hed

protein intakes witnin the ran-e of 75 to 9 rrems per degy, Ten peticuts
hed deily protein intskes which were above 9C pgrams, Only two of the 12
ren with fer advenced, active tuberculosis had protein intcres auove 90
grers per dey, Cne patient hod a very low inteke of 43 groms per dey;
nine of the 12 men had protein intales within the renge of UG to €9

N

grems per day, in intuke of €5 grems of protein per dey Las been recom=
menced &s an sllowance for heelthy men weiihing 5 kiloorems by the Food
and Nutrition Board of the Nationsl Reseirch Council (19v3). Getz (1949)
suggested an inteke of 90 grems of protein per doy for tuberculous men,
Six of the men with moderstely advenced, sctive tuberculosis hed

ceélcium intekes less than 1.21 grams per dsy., The average for the entire
group wes 1,59 grams per day, with & reznge of 0.5 to 3,17 grems per day.
The czlcium intekes of the men with fer advanced, active tuberculosis was
less than that of the men with moderztely advenced, ective tuberculosis.

The averarge intake for tlis group was 1.31 ¢rems of calcium, with a ren-o

b

nts had intckes less

(o}

of 0.€2 to 2.,L5 grems per day, FEizht of the petie
tnen 1,21 grems of calcium per day.
The averzge deily phosphorus inteke for the men patients with

.

moderetely advenced, ective tuberculosis was l.cl grams with a renge
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from 0,95 to 2,53 grars, The rence of daily pliocwt orus intake for the

far advanced, aciive tuberculous men peticnts wes from 0,77 to 2.38
;rems with en sverase of 1,L0 grams.

The iron inteke of the men with moderately advenced, cctive tuvercu-
losis renged from L,L9 to 15,30 milligrams per dsy; the iron intale of
the men with far advenced,Aactive tuberculosis renged from 0,11 to 1€,50
millipgrams per dey, aine of the men witﬁ moderately advinced, active
tuberculosis had intckes less tian the averaps inta-ke for thie group which
was 10,48 millicrams per day, and six of the men with far advenced, active
tuverculosis had intakes less than 1C,71 milliprams, which wes the average
iron intekxe for that proup. Seveniy-two percent of the men with moderatel,
advanced, active tuberculosis end 75 percent of the men with far advenced,
active tuterculosis head iron intakes less thaen the intscke of 12 milii-
grems per day whicli hes been recommended by the rood and hubrition soeard
of the Hetionsl hesesrch Council for hesltliy men (1553).

Therc wes a wide ranze of inteke of vitemin & for the tuberculous
nen, The a&erage for men with: moderately advanced, active tuverculosis
was 7,293 Internationel Units, with a renge of 4,016 to 20,269 Intern:tionsl
Units of vitemin i per day. Six of these patienls had intakes less than
5,000 Irnternationel Units of vitamin £ per dey. The renge of vitenmin J
inteke for the men with fer advenced, sctive tuberculosis wes 2,571 to
13,495 Internelional Units per d:;r, with an avercge intike of 7,917
Internctionel Units, Crly two of the twelve paticnts, however, hed in-

tekes which were less tlien 5,000 Internstionel Units per dey,
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Thie everare delly escordic acld inbale Jor men witi moderetcly

edvanced, active tuverculosis w:is 77 ~illl con clLh s viate of 33

1ee milliyrems per doy, OUnly three of the 2 petiente were in the uppoer

ranse ol ascorbic acid inteake, thet is, with intikes avove 100 millicrans
of ascorbic acid per day., #ive of tue peticonts lica escorvic acid inbates

ddch were less thon 50 milll poms per diy,

Cnly two of ihe men with fer advanced, ective tuterculosis hid in-
takes of sscoruvic acid evove 100 milli~rans veor day. Five patients nad
deily intekes less than 75 milligrzms of escorvic acid, The everez:oe for
the group wes Yo millicreams, with a rean:2 of 37 to 105 milliprams of
gscorbic acid per d&y.

wine men with moderzvely @dvanced, ecbive tuberculosis vea thiomine
intexes less than 1.2 millirrems per dey. The everage for the group,

1.7 miliigrems per dev, euvrecred to be ish since one of the men roceilvou
a vitaiin supplement widch conteined thicnine, The rance of tnienine
intske for the :roup wes from C,5C to t.55 milligrans per day. Seven of
tlie men with fer advenced tub.orculosis lhied tuicnine intckes widch werc
less dhen 1,2 nilligrams rer dey, Lhe everaee for the group wis 1,15
milliirems with a renze of 0,07 to 1,73 millirprems of thizainz per dey.,

o

ihe inteie alloweznce for thiwmine for a heclily men with & bodzweisnt of

I

65 kilo rzms and en zge of 25 yrers which hés been reocowmenced Ly the
f'ood and Mutrition soerd of
nillicrems per dey, Tliere is no evidence that tiere is en increcscd

requirement oy tuberculous petients, I tiis amount is used a5 ¢ Leasis

for evaluction of the adequecy of the diets of thes: natienus, it would



erpeer tiat evout 7Y percent of btlie men with active tuberculosis lad
intelies of thiemine which were incdecuate, durins the control period,

The everave daily rivollavin inteke wes 3.CO riilli-rams, with a
ranze of 1.4 to L.oli millirrars., The relotively hi--u riboflevin inbal.es
resulted from & hizh conswmpbtion of milk, 11 of the petiznts in tuds
group hed deily riboflevin inte'zes avove 2,00 nillicrems except for one
patient wihose rivoflsavin intale wis 1,50 millicrans per day. Cne mndle
patient with far advenced,aciive tuberculosis hed an eaverace delly
ribofleavin intakxe of only O.u6 millirrais during the control period,
One patient hed 1.lo milli-rems of rivolflavin per deay, Turce patients
nad rivoflavin intekes within tie ren-e of 1,50 to 2,00 milli:rams per
day and seven of the patlients received 2.00 milligraems or more per day,
Thne averags for the group wes 2.54 milligrams, with a ren,:z of 0,L0 to
.73 milliyrams of rivoflavin per dov,

The deily inteke of niacin for ihe noderetely advanced, active
tuberculous men patients ranged from L.L to 09.0 millivraams witih en aver=-
age of 14,1 millisrams. For the fer advenced, active tuberculous men, the
averaze deily nizcin intake was 10,7 milli;rems with a rense from 0.5 to
17.1 milligrems. The average niacin intekes of both groups were less
than the allowance of 16 milligrams per dey which h&as been recommended
by the Food and wutrition bosrd of the iational kesearch Council (1953)

for heelthy men, 25 yecrs of awe, and weisidng o5 kilorarss,

slood constituents: Control period,

The sverage concentretion of the blood constitusnis of wenmen and men

vwith moderavcly advenced end fer advenced, ective tuberculosis in the

o



control period are ;iven in teble 7, Individucl velues for tie bLlood

1
M

G

constituents are presented in thie nupendix in Yables 37 to

.

T.e everzes plood nemo~lotin conceniretion of the 15 women uneblients
with moderately advenced, active tuberculosis wes 13,00 grams per 10C
milliliters of blood with a rengse of 11.25 to 10,00 ¢ras per 100 milli-
1it$rs of blood, The range of values compared favorzoly with the rance
rerorted by Ohlson and co-workers (L7LlL) Ifor nezlihy collese women,
thet is, 11.C¢ to 15.72 grams per 100 milliliters of vlood. plood hermo=
zlobin velues for ihe women with far advenced, active tuberculosis were
somewhat lower, The avarzge for tuds group wes 11,00 grems per 10G
milliliters of olood, witi a range of 11,25 to 12,50 rrems, Values for
the four worien with fer advanced, active tuberculosis, however, &1l wer
within the renge of values reuorted by Ollson et &l, (1yik) for nezlthy
college women.

The correlation cocificient between blood hemoslobin and the calcu=-
leted iron inteke of the tuverculous women in the control ps=riod wss
0.015, This wes not statistically sirmificent, The correlstion co-
efficient between blood hemoslobin and the celculated protein intole of
the tuberculous women in the control period wes 0.15l. Tnere wes not &
statisticelly significant relationship between blood hemo~lobin and
dietary protein.

Concentrations of total serum protein in the blood of tlie women witi
moderately .zdvanced, &nd far adveanced, active tuberculosis ell were with-
in the range of six to ei~ht grems per 100 milliliters of serum, which

ies teen considared a sestisfactor; renice of serum protein for heeltly
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people by various investicators (srucimen et ol., 1¥30; roumans et al.,
19L43; fdamson et 2l., 19LY; and Hilen et al., 19ud).

The evereze serum vitzmin &4 concentration for tle women with
moderately advanced, active tuberculosis wes 33 micrograms per 100 milli-
liters of serum, with a rangze of 11 to 59 microcrams per 100 miililiuers
of serum, Six out of the 15 women in this group lhad serum vitamin i
velues less then 30 micrograns per 100 milliliters of serum, thie amount
sugsested by Sessey et el. (19L€) as an adequate conceniration of vitamin
£ in the serum of healihy persons, The &averare vitemin £ intake of thesc
worien was estimated by dietary celeulation to be 12,047 Internctionsl
units (renge, 2,021 to 2€,309 International units) per dey. ione of the
four women witn far advanced, actlve tuberculosis hed serum vitamin A
values less then 30 microsrams per 100 milliliters of serum,

The women with moderately advenced, acbive tuberculosis hed an aver-
age serum carotene concentration of 100 microrrems per 100 milliliters of
serum with a range of L2 to 20( microcrams per 100 milliliters of serum,
Since the serum carotene concentration is not significent witiout refer-
ence to the concentration of vita;in L in the serum, the concentretion
of serum carotene is therefore necessarily evelucsted in comparison with
the serum vitamin £ concentration., “The average serum carotene concen-
tration was 76 micrograms per 100 milliliters of serum for the six
moderately advanced, active tuverculous women patients whose serum vita-
min & concentretion was less then 30 microrrems per 100 milliliters of
serum, One of the six patients had a low serum carotens of L2 micrograus

per 100 milliliters of serum, The other five hed serum carotene values



(range, 60 to 10l microsrems) witlhin the rance of 50 to LOO microsrems
per 100 milliliters of plasma which was found by verious investigators
(Kimble, 1939; sbel et al., 19ul; idersvery et al., 19L%; rnderson and
riilem, 19L5; narris et al., 19.6; and iienzst and Shock, 1945) for
healthy people, The averarve scrum ceroiene concentration of the far ad-
vanced, active tuberculosis weas 165 microsrams per 100 milliliters of
serum with a renge from €0 to 37L microrrams per 1C0 milliliters of scrum.
Cne patient, Subject iU had a reletively hish coneentration of 374 micro-
grams carotene per 100 milliliters of scrum and a relstively low vitarin
A concentration of 32 micrograms per 100 milliliters of serum, This was
the only patient in this group #.ose serum values of carotene and vitamin
kL indiceted that there may have been a2 disturbance of tiie mecuenism for
conversion of carotene to vitamin &,

The averace serum ascorbic acid value for the women wiih moderately
advanced, ective tuberculosis was 0,93 milligrams per 100 milliliters of
serum, with a range of 0.28 to 1.73 millirrams per 100 milliliters of
serun, Two of the 15 nstients had serum ascorbic acid values less than
0.50 milligrams per 100 milliliters of serum, and two of the patients
had serum ascorbic acid velues which were within the range of 0,50 to
0.70 milligrans per 100 milliliters of scrum, Thus, 26 percent of this
group hed serum eécoroic acid velues less than the concentration which is
usually associeted with adequate ascorbic acid nutrition, thet is, 0,70
milligrams per 100 milliliters of serum (Gyor:y, 1)42 snd Jounson,l7L5),
One woman with far advenced, active tuverculosis hzd a serum ascoruvic

acid value of only 0.2b millirrems per 1C0C milliliters. This peatient
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hed received an average intexke of 29 nmilli rems of ascorvic ecid per dey
during the control period, Cne of tie four petients hLad s2rwa escorbic
acid values within thre rense of 0,50 to 0,70 milli rams per 100 milli-
liters of serum; two patients had sarum ascorvic acia vslues avove 0,70
milligrems per 100 milliliters of serum, The averaze for the four

women was 0,76 millirams of escorbic acid per 100 milliliters of serum,

The correlation coefficient vetween serum ascorbic acid and ascorbic
acid inteke for tiie tuverculous womien during the control period wes
0.L73. This was statistically significant (P < 0.05).

Bessey and Lowry (19L6) su;vested thet concentretions of serum
all:aline phosphatase up to 2,30 nitrophenol units per 100 milliliters of
serum were satisfactory for healtiy individuels, Six of tle 15 women
petients with moderately advenced, active tuberculosis had scrum slialine
phosplietase velues which were jreeter then 2,30 nitrophencl units, out
all of the velues were witiin the ranze of 0,9C to 3.L0 nitrophenol
units. Since there heve been reletively few studles of serum alkaline
phosplr.atese in disesse concitions otier then rickels, and since it is
reletively difficult to coumpsre meesurecments of enzyme activity from one
leporatory to another, it is difficult to interpret the sirmificence of
the values which were above 2,30 nitrophenol units. 1.acy and co-workers
(195L4) heve revorted that the averace alkzline phosphetese concentration
of non-pregnsnt white women wes 1,35 nitrophenol units which was slightly
lower than the averase of 2.12 nitrophenol units for moderately advanced,
active tuberculous women in this study, :11 four of the women wiitn far

advenced, active tuberculosis lizd serum &slkaline prnosphictese vealues which
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were less then 2,30 nitrophencl units per 100 willilit s of scruwe, The
averere wes 1.7t nitroptenol units,

There wes & wide reie o Lloww lenogloonin concenirations amon Lie
tuberculous men, The rense of velues lor nen wilh moderelely cdvincsd,
active tuserculosis wes from 12,50 to 19,00 rraws por 100 millilitees off
blood with an everare of 15,0k jrams per 10 pilliliters of plood, The
ranre of blooc nerio:lovin values for tiwe ien with fer auwvenced, zclive
tuoerculosis wes from 12.C0 to 18,50 irams per 10C williliturs of blood,
withi en avere.2 of 1L 1y craas., The correletion coefllcient vetween vlood
hemoglobin and the ceéleuleted iron intele of ihe tuberculous men durias
the control periocd wes U, 20y, Tids wes not stetisticsally sicrificent,
There also wes not a simnificaent relstionshin vetwoen vlood hemo Llouin
and dietery protein (correlstion coefficient, C.297).

The concentretions of totel serum protein for men with modorziely
eavanced end fer adveinced, sctive tucerculosis wvere within the réngs of
six to ei:hit rrams per 1CC milliliters of serum for all bub tro ol ihe wmen
with moderately advenced, aclive tuverculosis., Velues for thess two petients
were 5,17 and &,10 greass per 100 milliliters of sorum, rcespectively.

Only two men with wod:iretel; eavienced, ective tuberculocis end one
nen with fer edvenced, sclive tuberculosis had scram vitaain & volues
which were less then 30 microsrars per 10U milliliters, The celculated
vitanin & intekes of tihese men renzed from 2,t21 to 20,309 Internstionsl
Units per day. The averaje serun vitenin £ for the group of men with
moderatel; advenced, ective tuberculosis was Ly micrograns per 100 milli-

liters of serwm with & rznge of 26 to 77 micro:roms, Tuhe avereze serun

>
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vitemin i for ihe men with fer advenced, sctive tuberculosis was 52
nicrograms per 1u0 milliliters, witn & range of 1Y to 7€ microgra.s ver
100 milliliters,

In generel, the men patients hea lower sceran cearotenc velues then
the women pztients, The average concentration of carotenc values in the
serum of the men with moderealely advenced, cctive tuberculocis wis Y0
micrograms with a range of 31 to 1,0 micrograms per 100 milliliters,

Two patients, i and iLi.Y, who hed low serum vitamin & values (26 and 29
micrograns per 100 milliliters of serum) &lso had relztively low serunm
carotene velues of 1C3 end 31 microgrems of carotens par 1C0 milliliters
of serum, respectively. OSerum carotene values for men with far edvanced,
active tuberculosis avereged 10¢ microgzrems, with a renge of 3L to 192
nicrogrems per 100 milliliters, Subject s5:h who hed a low serum vilamin
L velue of 19 micrograms per 10C milliliters of serum also had a low
serum carotene velue (34 micro-rems per 100 milliliters of saru) .

Serum ascorbvic &cid veluns for the men elso were lower then Lor tne
women, Tue averase serum ascorvic acid of the men with moderstely sd-
vanced, active tuberculosis was 0,60 milligrens per 100 milliliters of
serunm and the renge of velues was from 0.0¢ to 1.9L millicrams por 100
milliliters., rifteen of the 22 men hed serun escoroic ecia values less
than 0,70 millirrams per 100 milliliters of serum. =mleven of tie 12 men
with far edvincea, active tuverculosis hed serus sscoruic ecid velucs
less then C.70 rmillicrams per 100 milliliters ol scerum, Thae avere e
velue for this group was onl;” 0,L0 milli rsms per 100 milliliters of

serum, and the renge of velues wes from 0.25 to 0.7¢ millicrams,
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Tliere wes & stetisticelly sionificant relationship between the
calculated dietary inteke of ascorbic acid and the serum ascoroic scid
during the control period, The correlstion coefficient was 0.375
(P _0L5).

Three of the men with moderately advenced, active tuberculosis and
five of the men with far advanced, active tuverculosis hed serum alkaline

phosphatase values widch were above 2,30 nitrophenol units,

hecommended dietery modificetions

The renge of higher intezkes of the various nutrients in the diets of
both men and women petients indicated that an sdegquatc amount of the es-
sential nutrients was supplied in the diets of the two sanstoria, in so
far as tune diets could be judged by available information concerning re-
guirements in tuberculosis and the results of the blood aznelyses during
tiie control period, The lower intekes of various nutrients by certain of
tiie patients probably can be attributed to rejection of food tecause of
individuel food likes and dislikes, It was felt thet tlds could be im-
proved by encauragement and education., The low blood values for &ascorbic
acid, vitamin £ and carotene which were obtezined for some of the patients
indicated that an increased intske of these nutrients wss desiraole,

Modifications in the diet were therefore recommended to eech of the
subjects with the support and cooperation oi tiie medicel director and
the dietitian of the two ssnatoria, These modificstions which were

described in the previous section were planncd to (a) provide zdegucte
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protein in the diet; each pétient was asked to eat all mest, fish,
poultiry end egcs which were served on the hospitel tray, (v) increase

the iron intake; one or more eggs for breckfast and one servinz of beef
liver weekly wes added to the usual hospital diet, (c) meintain the
adequate amount of calcium znd phospiorus in the diet; four glesses of
milk or more were provided for eech patient daily, (d) assure the daily
intake of vitemins; one vitamin tablet® and 100 millisrams of ascorbic
acid were given to ezch patient doily for the three experinentel periods,
(e) supply adequate cslories to provide for gains in weight for the
underweight patiente; underweight petients were encoursged to eat all of

the food thet wes served to them,

Influence of improved diet on food intake

pvaluation of the dietary intakes for each experimental period lies
been mede from the celculated food intekes of the seven-day diet records
which were obtained at the end of each period, Tie one day diebtary recall
records which were collected each week were eveluated to indicsate how
carefully the patients followed the dietary regime;, and to provide a basis
for advising the pestients during the exreriment. Dietary intakes esti-
mated from the recall diets were not included in the estimates of average
intakes of the patients for the three experimentzl periods.

The average daily food intekes of the women with moderately advenced,
active tuberculosis in the control anc¢ in the tliree exverimentel periods

were given in Table 1, and the greded intckes of the nutrients were given

' ibdol, Jo. 21&, Parke, Devis & Co., Detroit,






in the Tabtle 2. The averege dsily celoric intzke of the women in this
group wes 1,954 calories for period I, 1,(05 ceédories for period 1L and
1,5LL calories for period 11I, in couparison with an avercge inteke of
1,764 calories in the control period. 7Tie cooperation of the patienls
thiroughout the entire study wes cuite gooc and those patients who were

in the lowest renge of celoric intakes in ihie conbrol period hed tie
highest increese in deily caloric intckes., Subjects U and nd linited

tne amount of fet and cervohyvdrate foocs in the diet to prevent furtner
gain in weisht, and subjects 4CO and Fa did not acceot the dietary regime
in periods II and Ili as well as in period I. Subject DCO had thoracoplasty
once in period II1, &znd twice in period Ili., Subject /S hed lovectomy in
period II, JSubject L& hed estlma during periods IT end III, Lower caloric
intakes for these patients occurred during these periods. For these
reasons, thne averzce caloric intcke was lower for tne entire group during
periods II and I1I then in period I,

Six of the ten women patients who were underweisht (-10 percent or
more of desirable wei-ht) at the beginning of the stucy were still under-
weight at the end of the study although there wes an averege gein in
weight of eight pounds per petient. The averege deily caloric intekes
of the ten women were 2,173, 1,700, and 1,502 calories in periods I, II
and III, respectively, in comparison with en avera:e deily inteke of
1,604 calories in the control period. Cnly one person in this group was
consicered to be 20 percent less than the averase weight for her ege and
height at the end of the study wherees six of the pzlients were at lecsst

20 percent underweight at the begimning of the study., “Jel-lit losses werc
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observed for two of the pstients; tlicse losses in welght may be ex—
plained in pert at leest by tie fuct thet it was necessary for the
petients to have survical trestment during the study. Gains in weiint
for the group ranged from two to 20 pounds durins the experimental
periods.

Two of the women in this group did not complete tiie three experi-
mental periods. Subject KN wes discherged to her home after period IT
and subject ©l transferred from the Inziem County Senctorium to the
lichigan Stete Sanctoriwn at the end of period I, Wnen this stucy was
initisted at the Michigan State Sanztorium five wonths leter, the patient
agein wes selected as a subject, &% this time the degree of tuberculosis
was classed as far advanced.

The averapge deily food intakes of the women with fer advanced,
active tuberculosis in the control and in tne three experimentsl periods
were given in Table 1, and the graded intakes of tihe nutrients were given
in Table 3, The averere deily caloric intakes werel,036 calories for
period I, 2,190 celories for period II and 1,9Ll celories for period III
in comparison with an average of 1,046 celories in the control period,
Subject HO had a gsstro-intestinzl disturbence during period I. ier
caloric inteke wes only &56 calories per dey; for this resson, the averzge
daily caloric intcke in this group was less in period I then in the con-
trol period. Subject LE who had an averzge intzke of 2,556 celories per
day in the control period desired to control her body welglit by reducing
the quentity of fst and carbohydrate in the diet and the averase inteles

in the experimentel periods were less for this subject then in the
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control period, Subject 1O decreesed her celoric inteke from 2,005
calories in period II to 1,5tl calories in period III. Subject U, whno
had an infection between the lobectomic spsces, lost five pounds during
the first six weeks and died after period I. The bocy weight of the
other tiree patients increased from ten to seventeen pounds during the
four-month period, although two of the subjects, RO and 10U still were
underweignt for their heistit and age at the end of thg study, The
avereee daily csloric intakes of these three patients were 1,002, 1,t19
and 1,977 in periods I, Il &nd I1l, respectively.

Tne average deily protein intakes of the women with moderately ad-
vanced, active tuberculosis were ty, &b and‘c2 grams for periods I, II
and 111, respectively, as compared with an average of 73 grams per d&y
in the control period, Data for tne individusl subjects indiceted thet
three of the 13 women wlo completed the experiment hLad protein intekes
which averaged tO grams or more per day for the tiree experimentel
periods. &verage protein intekes of eight of the women were from five
to 31 grams of protein lower in period III then in period I, Subject wui
who had the lowest protein inteke (L5 griéms per day) during the control
period wes able to increzse her protein intake to &9 grams for period I,
maintain it at 65 grams for period II but reduced it to ©2 grams for
period I1TI, The sherp reduction in protein inteke in the period Il1l
resulted beczuse tids subject was excited about going home the following
nonth and could not ezt.

Two of the women with fer advonced, active tuberculosis had protein

intakes whiclh avereced less then 5C grams during tiie control veriod.



Cne of these two patients, Subject nl, cied at the end of the period 1,
Subject nC who hed a deily protein intake of 3% grams during the control
period wss given a protein supplementt during periods II and III,
iveraze protein intskes for this subject were 33, 77 and 176 grans of
protein per dey for periods I, II and III, respectively, There wss an
increase in protein intake during periods I end II for subjects KO end
IHE but in both c&ses tne protein intike during period III wss less than
in the control period.

The avcrase daily celceium inteske of tne women with moderalely ad-
vanced, active tuberculosis wes 1,01 grams for period I, 1.53 grams for
period II, and 1,38 grams for period III &s compared with an aversge
intake of 1,22 gréms of calcium per dey during the control period., Tue
reduction in averzge calcium inbtaie during periods I1 and III followed
a patiern corresponcéing to the reduction in protein intake, idowever,
seven of the 13 women who completed the experineunt had calcium intekes
avove 1,22 grams per de&y in all tliree exverimental periods,

Of the three women with far advanced, active tuverculosis wuo com=—
pleted the experiirent, only oue, Subject ks, nad & cslcium intake which
exceeded tuhe inteke of 1.22 grams per dzy whicih wes predicted vy orewer
et al, (195L) for calcium equilivbrium for wormen with moderstely advenced,
active tuberculosis, Subject HO who had en intcike of only 0.9 grams
calcium per day in the control period had &n even lower intoke of O.L1
grams per dey during period I end 0,53 grams per asy during period 1I,

The celcium inteke of the petient, however, wes incressed to 2.23 grams

Protenum, lesd Johnson & Co., Lvansville, Ind.






per dey for the period IIL since a lerse anount of milk wes corbined with
the protein Supplenentl for the patient in period III,

inean daily intekes of phosphorus were 1,50, 1,00 end 1,47 preaes in
periods I, II &nd IlI, respectivcly, for women witl modurately advenced,
active tuberculosis and 1.26, 1,30 end 1,53 grars in tie poriods 1, It
end III, respectively, for tie women with fer sdvenced, sctive tuverculo-
sis, There wss a marked increese of the daily intcke of this nubrient
in the experimentel periods as compared with the averege deily intake in
the control period of 1,30 grams for Wwomen with moderztely advenced,
active tuberculosis and 1,10 grams for women with far advenced, &acbive
tuberculosis,

fverage deily iron intekes in periods I, II and 1iTI were 9.7c,
11.64 end 9.72 milliprams for the nmoderately advinced, active tuberculous
women petients, ena 9.25, 11,09 end 11,05 milliyrems for the pztierts
with fer advenced, active tuberculosis. in increase of iron intale was
shown in the experimentel periods as comparsd with the averese inteke in
the conirol period of £,71 milligrans for women with moderately adveanced,
active tuoerculosis and 9,22 millicrems for women with far sdvenced,
active tuberculosis,

iLverage deily vitemin 4 intekes for the moacretely edvenced, sctive
tuberculous women petients were 15,520, 15,039 end 12,036 Internabional

1

units in periods I, II end I1I, in comparison with the evorece

3%

deily vitemin £ inteke of l3,7h2 International units in the control

~ )
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el

period, The sverdiee vitemin 4 inteke in the control rerlod was welghted
by the dietary supplementl vhich one peatiznt recelved and widich supnliicd
vitamin £, Tiere wes a narked incrersse in tie everege vitarin o intaie
in period I for the women with fer edvenced, active tuberculosis, The
average deily vitemin L intekes were 16,598, 11,932 end 12 ,7L0 Inter-
netionel units for the three successive exierimentel perious as coupsred
with an averzse inteke of 5,013 lnternstional units per day during tie
control period. The ligh evercges in periods I @nd I were influenced
by the vitemin s intehe of subject kO whwo hied three vitzuin tebletst
per day, prescribed for her by tie chysician, during those two periods,
iverege intekes of escortic aciu, tiiernine, rivollavin &nd niecin also
were influenced in periods I and II by tine intekes of additionel vilamins
by this patient since the vitamin teblet wes multi-vitemin,

f.een deily escorbic acid intckes for the women with moderately
eavanced, active tuberculosis were increascd to 221, 274 and 202 milii-
crans in the three successive experimentel periods frowm an everase intore
of 10l rmillirrams in thle control veriod. <The high sscorbic acid iuntekes
in periods I and II were intluenced by the adeuitional eascorovic acia
supplerent prescrived for two suvjects after surcical trestsent, The
average ascorblc acid intehes from food sources slone in the tiree succes-
sive experimental periods were 70, 1zl and 112 milli.rams,

The average deily ascorvic zcid intikes in the three successive

experimentcl periods wore 295, 200 end 226 millirrans for the woren with

1 ;bdol, Ko, 218, Parke, Davis & Co., Detroit.






fer edvanced, active tuberculosis, ouuject 10 had an additional supple-
ment of 1C0 milligrams escoruvle acid Irom vitemin teLleitst durin:
periods I end II by direction of the plyvician, Dwring period I11I,
however, this pstient received the same ascorbic acid supplewnent as tle
other subjects, Subject L0 who hed a low éscoruic acid inleke of 29
millirrens per dey during tlie control period incresszd her daily inbske
to velues of 172, 171 and 193 milliiraiis in the three successive exzeri-
mental periods., This increese wes due to diebsary supplement, houcver,
since the average aaily escorbic ecid intelies of this petient from food
sources alone were 22, 21 and L3 milligraus for period I, ITI snd ILI,
respectively, Two subjects, L. &and iU, had decressed ascorbic acid in-
tekes from food sources durin; the experimentel periods.,

The diets supolied liberel amounts of thianine througuout the study.
viomen with moderctely advanced, active tuberculosis had avefage deily
thienine intekes of 3.t3, L.0L and 4,39 milligrams in period I, II &nd
III, respectively, in compsrison with 2.5k milligrems in the control
period, For the women with fer edvenced, sctive tuverculosis, tle avera:e
daily intekes of thiemine for the three successive exrerimental periods
were 9,12, 6.30 eand 5.95 milligrams in comparison with 1.0l milli.rcms
in the control period,

The average daily intekes of ricoflavin for the moderately advanced,
active tuberculous women were 5.L9, 5.97 end 5.57 millisrams in tie tiree

successive experimentel periods, Ior tle fer esdvenced, active tuberculous

! ibdol, o, 216, Parke, Davis & Co., Letroit,



63

women patients, the averare deily intakes ol rivoflavin in the threes
successive experimental periods weres 6,33, 6,97 and ¢35 millijrans, In

the experimentel periods, 8ll individusl deily inbiwes of rivoflzvin

+

2l

exceeded 2.60 millirrems which hezs been recommenicd Ly Zrewr 2

|

in the control period,

Lverezge delly niecin intekes in the conbrel periocd eand tiree suc-
cessive exverimental periods ware 20,3, 31.3, 35.0 snd 35.6 millisreams
for the moderetely advznced, active tuverculous women and 7.2, 3&,3, 33.7
and 32,7 millisrars for the for advenced, active tuberculous women
patients respectively,

knelysis of. veriance was carried out to determine whether or rot

stetistically significent chenges occurred vetween the food intexe of

>

the women with active tuberculosis in the control period and ithe ciqeri-
mental period., £ sunmery of the anelysis of veriance is given in Tsble o,

The averaze intéekes of prot;in, thiemine, rivoflevin and niecin were
siinificantly higher in the experimental period then in the control
periocd for the women paticnis in both groups. The inteke of calories aad
ascorpbic acid also wes higher for woren with moderabeiy advenced, active
tuberculosis in the experimentel period then in the control period., “The
limited number of subjects in.the group of women with far zdvincad, ective
tuberculosis end the wide verictions in calories eau ascorbic scid intakes

.

of those paticnts may explain the fect that significent dilferences
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Susmery of . nclysis of Verience of #oou dnbete for Tjoman With sctlve
Tuberculosis setween Conirol @ad _oerimentel teriods

Source of Veriction o Vedue Fredict:d
Coteined 0 U.Ch T 0,6l
moceretely ..avenced Tuucrculosis
) R

Celories 6.0 3.7 501
Protein 154 007
Fat 1.35

CGI‘bOhy arcte 1.34
Calcium : l.l",l_
Fhiosnlicrus c.2l
lron 21D
Vitemin i O,Qh)w
Ascoroic ecid £
Thiemine 3.9va
wiboflevin g.ijk
wiecin b Lo

IFer ifdvenced Tuozrculosis

Calories 0.u7 3.90 7.0
Frotein 11.75%
Fat 0.15
Carvoryurate 0.0
Calcium 0.03
PLosphorus G.G3
iron Qb
Vitemin 73577
..scorbic &cid 3.30
Thianine bU79R
niboflevin v o

wiacin 1o.3°°
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between the caloric and escorbic ecid intrkes of the conirel period and
period I were not ottezined for tilis zroup.

The vitamin & inteke of the women with fer advenced, active tubercu-
losis wss significantly higcher in the exgrerimentel period thin in the
control period., This wes not true for the women with moderately advenced,
active tuberculosis, probell » beczuse five of the vomen hed vitimin .
intekes which exceeded 15,000 Internsztionzl Units in the control period,

Tne average deily food intakes of the men with moderetcly adveanced,
active tuperculosis in the control and in tie three experimental psriods
were given in Table L, and the graded intzkes of the nutrients were given
in Teble 5.

There wes consideradle veristion in the cealoric intsxes of tre male
patients with moderztely auvenced, active tuberculosis, krversge deily
caloric intakes of these patiesnts in the three experimental periods were
2,037, 2,039 and 1,952 calories respectively, These caloric intakes were
less then the averags deily intzke of 2,071 celories in tihe control
period, liowever, those patients who were in the lowest range of caloric
intske in the control period hed a consistent increese in deily cé&loric
intake througiiout the study. Eight of the patients who had deily csloric
intakes sbove 2200 calories in the control period had czloric intszkes
which were less than ti:at of the control period in ove or more of the
experimental periods. Four subjects in this group did not cornlete the

N

study,

Four of the eichteen men pstients who completed the study were still

uncderweignt at the terminstion of the experiment. Weipght zains for the



entire group renged from one to 1Y pouncs during the four-month period.
Only one patient was considered overweight at the end of the four-month
period; lLis boay-weichi was 20 pzrcent sbove tlie averese for his neisht
snd age,

The averege daily food int:es of the men wilh far advanced, active
tuberculosis in the control &nd in the three experimentel periods were
given in Teble 4, end the greded inteles of the nutrients were yiven in
Table 6,

The averzsge deily celoric intzke of fer advenced, active tuberculous
men patients increesed from 1,7L0 celories in the control period to 1,97¢
calories in period I, to 2,0l:2 calories in period II end then decreased
to 1,797 celories in period IIl. Ten of the twelve subjects hed en
increase in caloric intake during period I, Of the eight who corpletzd
the experiment, only one, subject iiI, hzd caloric intzke which wes con-
sistently hisher in the three exverimental periods than in the control
period, Three subjects had dncreased celoric inteles in periods II ena
III and the obher three subjects had lower'caloric intekes only during
period III, Subject Bait, wno received surgicel treatment during periods
I and II, wes avle to incresse his caloric intzke for veriod III above
that of the control period. However, he weighed five pounds less at the
end of the experiment then &t the beginning. In spite of this case,
gains in body weight for the seven patients who completed the experiment
ranged from one to 1L pounds., Four of these seven vatients were still

underweignt at the end of the experimentel pcriod.






Varistions in protein intalies similar to these in celoric intzke
were observed for the men with moderetely advanced, active tuverculosis,
The averege deily protein inuskes for these‘patients in the three suc-
cessive experimentel periods were t9, ¢ and LU grems respectively,

These velues were similar to the average daily protein intake of &9 greams
in the control period. Urly f{ive subjects consumed 90 gréms or more of
protein in each of three exnerimentcl periods,

The averzge deily protein inteke for the far advenced, active tubercu-
lous men were £&, 90 and {2 grams for the three successive experimentsl
periods, in compsrison with an avera;e intske of 79 grams per day during
the control period. There wes considerable individucl varistion in pro-
tein inteke during the experimentsl period., Only three subjects had pro-
tein intzkes which were consistently higher in perioas I, II and IIL than
in the control period, Two subjects increazsed their protein intzles
above that of the control period in period I and II but hed a lowered
inteke in period III,

kverege deily celcium intskes for the moderately advanced, zctive
tuverculous men were 1.76, 1.07 and 1.45 grams in the three successive
experimental periods, in comparison with 1,59 grams in the control
period. For men with far advenced, active tuberculosis, the averesez daily
calcium intakes were 1,02, 1,6C and 1.L9 grams in the three successive
experimental pericds, in comparison with 1.31 grams in ihe conirol period,
poth groups showed an increase in the average deily inteike of calcium
in each experimentecl period above that of the control period. .t the

end of the study, 72 percent of the men with moderately advenced, sctive






tuoerculosis and 75 percent of the men with fer advenced, sctive tubcrcuo-
losis had daily cslcium intzhes sbove 1,22 greams.,

The everage dszily intekes of phosrhorus for the men with moderately
advenced, active tuberculosis were 1,72, 1.96 znd 1,06 grans in the
tliree successive experiment:l periods and 1,6l ;rems in the contrel
period, The everage daily intakes of phosphorus for tue men witn Ler ed-
vanced, active tuberculosis were 1,70, 1.75 anu 1,06 greams for periods
I, II and III, resnectively &and 1,40 ¢rams in the control period. The
low average intakes of phliosphorus in period IIi corresponded for botn
groups to the ‘reduced <caloric, protein &nd calcium intekes which
occurred in period III,

The mezn inteke of iron by the wen with moderaiely advenced, active
tuoerculosis wes higher during the experiment:l periods than during the
control period. The average deily intske for periods I, II end III were
11,26, 13,67 and 12,45 milligrams of iron in comparison with an everage
intake of 10L& milligrems of iron in the control period. The averzge
iron intakes in periods II and LII were weighted by the iron provided as
dietary supplement for four patients in period 1I end three patients in
period ITII. Tne ferrous sulfeate supplementl was prescribed by the

)

physician for subjects hi and IL.r, Sudbjects HiL end SC were not willing

to eat liver and did not like ezgs. Therefore adaitionsl iron wes
prescribed for them &lso.

The average dsily iron intckes of the men with fer advanced, active

tuberculosis were 10,25, 10,66 and 10,15 millicrams in the three

1 Ferrous sulfste, wo, 7, zli Lilly & Co., Indifnzpolis,



successive experimentel periods, These vilues were similar to the
average doily iron inteke of 10,71 milliprems in the control period.
The mean vitemin & intskes in the three successive experimental
periods were 13,173, 14,062 and 11,503 Internztionsl units per dzy for
men with noderately advenced, active tuberculosis in compsrison with a
mean intake of 7,293 Internstionedl units per dey in the conirol period,
Of the 1€ subjects who completed the tlree periods of this experiment,

n increzse in vitamin & inteke for periods I, 11

v}

15 of the subjects had
and IIT in contrast to the intaiie for the control period, Seven of tie
subjects had higher vitemin £ intsckes in periods I and II than in the
control period but a lower vitamin ¢ intaie in period 11I, The averege
amounts of vitamin & obtainsd from food sources alone for the conirol
period end periods I, II and III were €,015, (,173, 9,062 end €,7L3
Internctional units of vitamin L per dey, respectively.

The meen deily vitsmin i intekes of all but two of the mule patients
with fer advenced, active tuberculosis who completed the experiment were
higher in the experimentel periods then in the conirol period, Tue
average daily vitamin i intakes were 7,917, 13,L62, 13,166 end 11,797
Internetional uniits of vitemin £ for the control period and periods I,

Il and III, respectively. The averaze amounts of vitamin i from natural
food sources were &,Lé2, v,166 end 6,797 for period I, II and III,
respectively.

vlean deily escorbic acid intakes for the men with moderately advenced,
active tuberculosis were 207, 2li end 206 milligrars in periods I, II &nd

III in comperison withi an averzge intake of 75 milligrams per dey in the
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control period, The amounts of ascorbic ecid which were obtained from
natural food sources were O, 57, 6L and 50 milligrsms per dcy resoec-
tively for control pericd, periods I, II ead III, sscoroic ecid intekes
of all of the men in this group who completed the tlree experimentsl
periods were greater then the averzpz intslke duringe the control period.

The average deily ascorbic acid intekes for men with fer suvenced,
active tuverculosis were 224, 209 end 228 milligrems in periods I, II
end III and 76 milligrams in the control period, 7he ascorbic acid from
natursl food sources averaced 7&, 59 and 76 milli:rems vper dey for the
three successive experimentel periods respectivel;, Thus the ascorbic
ecid supplement provided for the pstients resulited in sisnificant in-
crezses in ascorbic acid intske althourh the ascorbic acid intake from
neturel foecd did not increese,

The avercge deily tiniamine intexes in periods I, IT and I1I were
3.70, 3.t0 and 3.66 milligrams for the men wibth moderately advanced,
active tuberculosis and 1.71 milligrems per day in the control period.
The amounts of thicmine from nsturel food in the three exverimental
periods and control period were 1.20, 1.30, 1.6¢ end 1.37 millirrams
respectively.

The averege daily thiemine intclkesfor tie fer advenced, active
tuberculous men were increesed to 3.7t, 3.78 and 3.99 millirrems in the
three successive experimentel periods from an &verage inteke of 1,15
milligrams per dey in the control period. The actual amount of tliemine
suvplied by netural food was 1.26, 1.20 and 1.L9 millisrems per day for

eriod I, II end III respectivelr. These volues werc nigner thon the
b < &
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average deily thiemine intexe of 1,15 milligrems in the control period

——

and indicsted thiet the patients consumed a better diet with res;=ct to
thianine during the experimentsl perioas,

liean riboflevin intakes from nztural food sources only were 2,00,
3,05 and 2.79Y milligrems in the thres succescive experimental periods,
and 2,63 in the control period for men with moderately edvanced, sctive
tuverculosis, The aver:zge totel rivorflevin intekes were 5,10, 5.5, and
5.29 milligrars per dey in periods I, 1T end III. Thus the totel rivo=-
flavin intake wes generous throuchout the experimental periods,

The average daily riboflavin intckes for the fer advenced, active
tucerculous men were 5,30, 5,20 and 4.9l millierens in the tihree succes-
sive exverimentel periods. The aiounts of riboflevin from nztiursl foou
sources were 2,60, 2,70 and 2.4l milligrems per dsy rcspectively in lhese
periods, &nd 2,5L milligrams per dcy in the control period., Tie reduction

of average daily rivoflevin inteke from nsturel food sources in period

v

6]

1II corresvonded to the reduction of protein and calcium intakes in bl
period.

The aversgz deily niscin intelkes for the men with moc reiol:r ad-
vanced, active tuberculosis werc 29,1, 29.6 and 30.L nilli ro.s in the
tiree successive experinentsl periods., The averesge dedly ndecin intekes
(without vitemin supplement) were 9.1, 9.5 and 10.L milli:roms end 11.k
milligrams in tlie control period,

For the far advenced, active tuberculous men, the mecn deily nizcin
intakes were 31.C, 31.L4 and 30.2 milligrems in the three successive

experimentcl periods. 'hen the intakes were celculasted withoub thc
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sddition of the vitamin supvlemznis, the averass azily niecin iatekes
for the three successive experimentel poriois were 11,0, 114 end 1C.2
nilligrams end 10,7 4n ‘the vontrol period.,

The summary of the stetistical comrerison by analysis of veriance
of the food intckes of the men with active tuberculocis in tue control
period and thne experimentcl period is given in Teple Y, Wiz avers;:
deily intekes of &ll vitamins were simificantly higner in tle experi-
mentel periods then in the contirol period for men with both mederately
edvenced, end fer advanced, active tuverculosis., 7Yhere was not & signili-
cant difference in the averarse delly intszke of the other nulrients belwecn
the e:gperimental periods end thie control period., The leck of a simifi-
cant chenge for protein, calcium and phosphorus intakes may ve explained
oy the fect thet no attompt wes mede to increase the intzlke of these
nutrients for tuose pstients whose intake of protein, celcium and phos-
phorus &ppezred adecuate in Lk conirol period, in so far as evidence was
svaileble to indicete the nutritional recuirements of tuberculous men,
Encouregement was given the patients, however, to maintein en adecuste

intake of tliese nutrients tirouchout ihe four month perioc,

Influence of Irmiroved Diet on 3lood Constituaents

Blood Hemoglobint The averazge hemoglobin concentretion in the blood

of the moderately advenced, active tuberculous women patients was 13.450
grans per 100 milliliters of blood in the conirol period and 13.0C, 13.91
and 14.35 grems per 100 milliliters of blood in the three successive
experimentel periods. For the for advenced, cctive tuverculous women

patients, the avera:ie blood hemo~lobin concentration with a value of
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Swunery of inelysis of Verirnce of Food Inbake for men With ctbive
rubercidosis Lelwesn conbrol and mxoerimentel Feriods

-

Source of Variation F Vilue Fredicted
Cubtoined FoOoC,.Ly &00,01
noderately sdvanced ien
Celorizs 0.12 3.1 L.oo
Protein G2
vat C.Cy
Cearuvol,drote ¢.Cu
Celciuwn 0.32
Fnospuorus C.lo
Iron 1.b9, .,
Vitemin 4 AREYPTY
.scoruic ecid 1u3.20%*
Tuicmine 35,558
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