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Leprosy hus bren lln nded to us from ancient t imrs as one 
of the most puzzli ng di f'C':l.<.: cs J.: nown to science. Pre~rn t -day 
knowledge eoncerning some of the mos ~ import ant feat ures of 
this malady is still unsat isfacto ry. D espite t he large rlInOlln t of 
work that is being carried out in t rying to solve t he problems 
that it presents, very little has been done to determine t he phy
siological B.nd metabolic factors at work. All problems, there
fore, the solution' of which will tend to increase knowledge of 
these factors, physical or chemical, are of importance. 

M etabolism is the cellular activity that is coincident with 
life and consists of the regeneration and degeneration of the 
cells of the body. In the process of building up and breaking 
down, oxygen is t aken up by the tissues and carbon dioxide is 
elim ina ted. H eat comes from oxidation in the active proto
plasmic t.issue of the body, and heat dissipation is regulated 
[.ccording to its production. Any rapid change in the relative 
amount of protoplasmic tissue 'will cause changes in the basal 
metabolic rate (4). Since basal metabolism is the measurement 
of the rate of vital activities under standard condit ions of emo
tional and physical repose, and since leprosy produces path
ological changes in many tissues of the body, it seemed of interest 
to know whether or not t here would be a change in cellular 
activity, t hereby ch anging the heat prod uction of the body. 
The b~s9, 1 IllL"iabolic rtlte hns been of \'alue in tbe stu dy of 
" Mious disC':'l.ses, partieu]:,r l:- t bose as:O(l(' i::ted with the endocrine 
gb nds an d in certnin n\'lI('Il(lc'crine di sC'2.ses, such as H' \'lore f,); ms 
of sccondary anemia and (:Hrd iorC'nru di sC'ases. 

For th is !3tudy tlm 'c hundred a nd eighteen ca.:;cs of leprosy 
\\c rc ~eJc.(· t('d , Tcprc5'C'n ti ng tbe \'arious nationa lities, types, auratiuns 
of kprosy IJll d s! nges of progrc,sion of tL e di.-;ea:::e. T wo bundred 
nnd seyen wue males :'.nd one hund rC' d and P]{;\'CD v. Lre f\'m ~i1es . 

' Publi~h £'d wit.h the permission of the 8urgeon G erle ~al, t"n it·cd States 
PuLJic H('luth Service. 
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For comp!l ri!oon, chec k tests \\'(:re ma de on t birty prc,,;ull1ftbly 
normal indiYidunls, m(;~·nbers of tlle sbff and personnel. 

All of tbe paticnts studi ed were ambulatory, with body 
t emperatures within the normal li mits. Patients haying a ri se 
in temperat.ure were not comidered becSill se, according to Du
Bois (3), fever increases the mebbolism 7 percent for each 
degree F ahrenheit. Patients wi th massive infection of the nasal 
cavities and extensive ulcerat ion of the mucous membrane of 
the mouth were ruled out because of t.he discomfort of the mouth 
piece and nose. clip, which might lead to error, Since dyspnoea 
increases muscular activity and raises heat production, patients 
with laryngeal infiltration were not chosen. In two hundred and 
fifty of the cases erythrocyte counts, leucocyte counts and hem
oglobin estimations were made. 

PROCEDURE 

All tests \...-ere carried out on patients in the postabsorp ti ve 
state (i.e., aft.er an approximate fourteen hour fast), between 
the hours of 7 a.m. and 8 n.m. and after at leAst thirty minutes 
of observed rest. The temperat.ure of the room was regulated 
so that the pat ient was in a comfortable environment. In order to 
allay apprehension and insure physiological repose, the patients 
were instructed in the details of the test and shown the ap
paratus on the previous day. A Benedict-Roth apparatus was 
used. The efficiency of the soda-lime was tested frequently, and 
during each test the appnra tus was examined for lea ks . . Check 
t ests were made in all instances and the second reRdi n·g W!l.S 

used unl ess tL ere was a di!'crepancy sufficient to invalidate t.he 
findings. 

In mC't a bolism testing two sets of normal values are com
mon ly rcferrl'd t.o , the Benedic t an d the D uBois normals. In 
a.n ext.ell, iYe ~tudy of b!l saJ m tabolic rate determi nat ions Booth oy 
und Sandiford (1) of the l'I1ayo Clinic slww('d tb:l t 92.1 perCl' llt of 
normal indi"idunls haye a ba: al metabolic rate wit.hi n ± 10 
percent and 99.3 percent ,,-ithin ± 15 percent of the D uBois 
standards. Our results were computed according to the ch3rt 
furnished ,,·i th the BeMdict-Roth recording metabolism appara
tus, and are the D uBois normal standards as modified by 
Boothby and Sandiford. Morse (7) stat.es in subst~ n('e t~ J [Lt 

normal variations in the bas al metabolic rBte may \'ary about 
15 percent on either side of the normal standard ± 10 percent 
without indicati ng a pathological st ate. The determi nat ions of 
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tbe ('Oll trols rnll gr d L twren - 12 pUt' pnt an d -1- ] 5 perce nt, 
\\ it h nn anrnge ra te of +5 perccnt. 

Findings. - The results recorded in T fi ble 1 show tbnt. t\\'o 
h\ln dred and forty cnses (75.4 percent) lIad a b:tSal mrtnbolic 
rate within tbe normal range (- 15 to + 15 percent), wb ile 

T .H ILE I. - The basal metabolic ralc in 818 cases, in tolal and aC(.orr.ing to SCI, age 
and in relalion to circulalory fi ndings. 

Di~tribut ion nccordill g to sex 
- -- _ .- ._- - - --------

1\1 ale .... . ... . ... .. . . . 9 6 10 101 25 10 30 
Femo.le .... ... .. .... . 4 0 10 62 6 11 4 
Male, colored .. . .. .. . 0 0 0 14 0 0 4 
F emale, colored . .... . . 0 0 0 12 0 0 0 

D istribution nccording to age 

10-20 yeaTS ... ........ 0 0 0 20 4 0 5 
20-30 yeIlTS ... . .•••.•• 2 1 6 65 16 4 8 
30-40 YeIlTS ....•..•.•• 7 2 4 65 . 7 10 12 
40-50 yeaTS .. . . . .. . ... 0 0 9 24 1 2 3 
50-60 years ..••••. • • ",:. . 4 3 1 10 0 3 10 
60-70 years .. . .. . ..... 0 0 0 5 3 2 0 

R elation to circullltory findings 

Pulse rote, lowcst . .. . . 54 54 54 57 66 66 66 
P ulse r/l t~ , h ighest ... . 98 94 110 120 130 132 138 
H ('Olnglnbin , lowcst" .. . 77 82 75 70 76 33 66 
Erythrocyt,csb . .. . . . . . . 3 . 2 4 . 5 3 .5 3 .0 3 . 2 2 .6 3 .2 

"ror ount. b ?\f illi on. per c mm. 

seventy-eight cuses (24.6 percent) sbowed abnormal rates. Of 
tbe InHer, t he r!ltes for twenty-one r ases (6.6 percent ) W f'TC 

br t ween + 15 nnd + 20 percent; tbirty-pigb t. cases (11 .8 jl t'rc(;nt) 
were nLove + 20 percent , Illld nineteen c:!"es (6 p ercent) \\ere 
below - ]5 percent. Tbe lowest rate was - 28 percent and the 
higbest rate was +66 percent. The results of tbose obt ained 
above +20 percent may be grouped as follows : 

RaJu 
+20 to +30 percent 
+30 to · +40 percent 
+40 to +50 percent 
4-60 to 4-70 oercent 

Casea 
18 
12 
6 
2 
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Of the fifty-nine ('a~es ll:n -ing basal mebbolic r:lfes abo ve 
+ 15 percent, t.en ,\"ere nTJest cd r:1.::CS ; tJ Jn~c l':lses were ext remely 
nervous and hnd rat.es of + 39, + 22 and +] 6 percent re
spect ively; one had exophthalmia and n rate of +30 percent; 
one had a rate of +66 pC' rcent and, with supcn- i~ed rest of 
two weeks, t be rate dropped to + 27 percent ; t.he cause of this 
rat.e ~-R,S u ndc t e~minpd . One case with secondary anem ia had 
a rate of + 15 pcrcpnt ; olle had asthma an d a rate of +39 
perc'ent; and one had an enlarged ' pl een with a rate of +40 
percent. K (' urotic ' dist uruunces In:1y hRve been a factor in 
eight of the cases whi ch had spirometric t racings whi ch were 
irregular and of the sighing type. Cates (2) states in substance 
that emotional stability may at times be revealed by the spiro
metric tracing used in the determinntion of the basal metabolic 
rate by indirect calorimetry. The spirometer records the speed, 
depth, and regularity of the respiratory movements. It has been 
observed that irregular or sighing types of respiration are fre
quently found in patients with some manifestations of the psy
choneuroses. A bi zarre pattern suggests the possibility of an 
envirom11ental or psychogenic component in the patient's reac
tion. In the remaining thirty-three cases, eleven had leucocy
tosis with no evidence of glandular disturbance. 

Of the nineteen cases having a bflsal metabolic r;te below 
- 15 percent, four were arrested cnSCSj two cases with a rate 
of - 22 percent hll d nephritis with edema j one with a rate of 
- 20 percent had di abetes, and one with a rate of --- 24 per
cent had hypothyroid ism. In the remil ining cleven cases t.here 
,,-as no eYidence of glandular dist urb:lllce. 

Of t he two hunured find fifty Cn",es in which blood counts 
,yr re m :~ de, th irty-<' ight b:ld lC'u('ocy1.o<; is, the c')unts r:1llging be
tween 1O,CDO an d 23 ,000 per cmm. ; t h('~e ure grouped as follows: 

R nlr.s Ca ses 
Cuscs with normru rates 18 
Cnses WiUl rates over + 15 11 
Cnses with rntes below - 15 9 

The pulse rate in the entire ~eries ranged between 54 and 
138 an d, except in rare instan e~, ('orr!~p(lndpd wit h t he b:lsa l 
metabolic rate. The pul e record WIl.S obhilwd durillg the 
metabolism test, when complete rl'bxntion was cmph!\sizpd. 

Rdation to the stage -oj leprosy. The rc;;ulis rp(;urded in Table 
2 show that there is 110 definite cOrTel:!ti oD uetwcen the basal met
aboli c rn te and th e Yf\rio\) typC' of t hr disease an d st:Jges of its 
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J)f( .gn'""ion. Of th e three llt.llidn·cl :l lid cighf(' f' n ,' , c' . forty-four 
\ I 'N' nrn's t ed c:I"es. 

._--_._-. __ .. . _ .. 

- . 
I 

. -.-- .. ---- . - ----.- -- ---- ---- ---- - _. . . -- .--
I ! I 

Arr("I00 .... . . . ... . ... 2 2 5 22 3 0 I 10 
CIN ! ............ . .. . 0 0 I 21 3 0 I 2 
CIN2 .. . .. . . . ..... . .. 0 0 0 7 0 3 I 0 I 

I f' NC' t ' r , th~f' Tll te 

lIol~ " _~or::::,o.o_I 5i::' 15,-;;- JO'-I '(l, n- 10 ' - 1 (l l(' .15 - 1'" (1. '0 0\ ~-;:;;o 

CIN3 ............. : .. 4 0 0 4 6 0 

I 
1 

C 2NI .. . . . ... .. . . . . .. 1 I 0 28 0 4 2 
C 2N::? . ... .... .... . .. 0 0 0 14 0 1 

I 
0 

C ::? N3 .. . . ... ....... .. I 2 0 0 0 3 0 0 
C3N ! . . .. . . . -: . . .. ... . 2 0 2 22 I 8 0 8 I i I 

C 3N2 .... .. _ ...... . . . 2 0 5 38 4 10 I [) 
i i 

C3N3 ... .. . ... . ...... 0 0 0 4 0 

I 
0 

, 
2 

Cl .. ..... .. ....... ... 0 0 1 5 0 0 2 
C2 .. . ......... . .. .... 0 0 0 0 0 2 0 
C3 ....... .... .. .. .... 0 1 4 17 2 0 3 
Nl ...... .... ....... . 0 0 0 1 0 0 0 
N2 .. ..... ......... . . 0 1 2 5 2 1 0 
N3 . ... . .. .... . ...... 0 1 0 1 0 0 3 

DISCUSSION 

In the entire series of cases studied the amount of tissue de
struction or retrogression of the disease bad no apparent in flu ence 
on the b!lsal metabolic rate. Since the completion of this work, 
which was begun in the early part of ]931 and completed in Feb· 
ru!lry, 1939, Momes Jr. (6) hns reported results of sim ilar deter
minnt ions in one hundred C!lses of leprosy in Brazil. His conclu
siolls were ns follows: 

1. The b :tslll m C!!Iholism is always in r rcn.<cd in leprosy. pven wh('n 
t h ere nre no known fnets determini ng that inef('ase. 

2 . Lepra r enction seems to influence gen erally Illct.!lbnli c cb!ll1 £cs, i 11-

rfc.'lsi ng b!l."nl rnte. 
3 . I n q ll i(,$('el1t cn."cs of l('prosy, t be b !l.<!l.l mct !lb"bm h\.5 t f'l1dp l1 c), 

1,0 rf'tu rn t o limits of l1ofll1:l!ity. 

In our series, two bUllclred nnd fort y cases (;-5.4 pcrc-ent) k ld 
rntes within the normal range (- 15 to + 15 percent). Of tbe 
remaining se\'cnty-C'ight cnses, f ourt een had pat hology t hat would 
incrcnse or deere::\. e the bnsal metabolic rate independently of lep
ro y, nnd an ndditional fourteen cases were bacteriologically nega
tive. In forty-four of the cnscs the cau"cs of tbe abnormal r!ltcs 
were undetermined; it is not clear wbether these results are refer
oble directly to leprosy or to some unknown intercurrent condi· 
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ti on . .Just \"hy tb erc . hou ld be a di!Te:·r ,' nce in th e two studies 
is not known. If !'.forllcs bn.seci his ll orm nls on + 10 p' 'I'cpnt , 
c: ompared with bis fi ndings ou r group of one hundred and C'igbty
nine cases (59.4 percent) fell wit bin this rllnge. The difference 
noted may be a rocin.l foetor, th ough our group (;ons i ~ tpd of se \'pral 
nation alitics and showed no n)!lrked \'n.rintions as to race. Climatic 
conditions an d di ctnry fn clors mny perho.ps be in\'oh 'ed. ~IcConnE'1l 

et al (5), in a st.udy of the I n.<;n.l metabolism ns nffpcted by nt
mo pberic cOlldi t ions, state that the rate incrC'3SC's rapidly wh en 
the t.emperature of the em'ironment is higher tbnn that of the 
body. Mornes ' study was mnde in a tropical climate, an d this 
may have influenced t.he findings. 

At the Carville lcprosu.rium importance is pl aced upon t.he 
general welfare of the patients as a prer('quisite to, and in 
combination ,~ ith, specific medication . The food is of good 
quality and is 'well served. R ecreations available to the entire 
community are golf, baseball, volley ball and tennis. In the 
evenings there are moving pictures three times a week. Each 
patient is maintained in as good general health as possible. The 
application of prophylaxis and elimination o'f many foci of infec
tion have assisted in the ult imate improvement of the systemic 
condition in our patients. 4 

SUMMAR Y AND CONCLusr ONS 

The ba al metnboli c rate wn.s d(' t ermill('d on three hundred 
and eighteen lepers, represellting the YlHious t .rPC'S Il nd t ages of 
progression of the disease and \' nrious nat iona lit ies. J\ ot included 
were cases with fcYer, leprous illfiltrn~ion of the hrynx, or massive 
infection of the mucous membralle of the mouth an d nasal cavities. 

The eryt hrocyte ('Qunt , lpu('ocyte (' ()unt [;nd beme 'gl(Jl>in 
est ima tion \\'1\S made on t\\'o hlln Jr('d nnd fifty of the cases. 

As controls, th e h~$!ll mct:lho]ic rat.e of thirty apparently 
normal indi\'iduals li\'ing under th e R!ll11e rlimntic conditions were 
determined. 

Of the three hundred and eigh t <.'Co (' es, t wo hundred and 
forty, or 75.4 percent, bad rates withi n tbe normal limits. There 
\"as no definite correlation between the rates and the various stages 
of progression of t he disease .. 

It is desired to make ocknowlcdgmcnt to Doctor J erald G. Wooley, 
former pathologist of the Notional LcproSlll'ium, for his helpful suggestions. 
during the early part of the investigntion. 
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