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Abstract :

Kay weralv

Data on  ventiiatory  function wlth  particu}ar reference  to tbrced vital  capacity  (FVC), forced ex-

pired i,olumc  in onc  se{:ond  (FEVi), ,and FEIv'] expressed  as  percentagc of  FVC  (FEIFr]%FVC)
were  obtained  in 1413 hcalthy Taiizanian school  childrcn  agcd  betwccn 8 and  18 years. All
subjects  were  nonsmukers  nnd  had neither  symptorris  nor  history of  cardiopu]menary  d{seases,

Subjecis in this  study  were  significantly  smaller  in staturc  (P<O.05) ancl  hacl smaller  FVC  and

FEVL <P<O.OOI) compared  to values  reported  in childr'en  ot' comparable  age  and  stature  in the
west.  Lung  volumcs  could  best be described as  a  power  function of  standing  height tr=a.Hb).
'1'hc

 powcr  der{ved from ln FVC  on  ln H  were  S.39 and  3.24 ft)r boys and  girls respectively,

whi]c  thc  powcr  dcrived from ln FEVi on  ln H  were  3,11 and  3.03 f'or buys and  girls
respectively.  Constructed prediction formuLae gave FEVi  ancl  FVC  which-showecl  good  agree-

mcnt  with  FEVL  and  FVC  cornputcd  from prediction equations  based on  a  similar  mathematical

model  lbr black children  in thc  Caribbcan,

forcecl vital  capacity,  forced expired  volumc  in onc  second,  forccd expirecl  volumc  in one  second

as  a  percentage of  forced vital  capacity.

                          (Rcceivcd 10 August 1990, accepted  19 September  1990)

Introduction

   Evidcnce  in the iiterature shows  that  differences exist  among  raCcs  in some  of  thc  com-

monly  used  ventiiatory  measures  ofpulmonary  function (Wall ei al.,  1982; Strope &  Helms,

l984). Values for Afi'o-Americans werc  reported  to be lower than  values  in white  Amer-

icans (Chehreh et al., 1973; Schoenberg et al., 1978; Hsu  et al., 1979), and  Indians have  been

reported  te have  lower FEVi  ancl  FVC  valucs  than  Afro and  White Americans  (Oscherwitz
et al,, 1972>,

   Summary  regression  curves  and  prediction equations  of  ventilatory  functions fbr Cauca-

sian  children  have  been compilcd  (Pelgar &  Promadhat, l971; C!buan.ier, 1983), while  sim{lar

studics  in Tanzanian children  are  not  availab]e.  Hcnce,  screening  for obstructive  pulmo-

nary  diseases is still based on  rel'erence  values  derived firom Caucasian  populations. The

present study  is directed towards  fi11ing that  gap by determining the nature  of  the forced vi-

tal capacity,  (FVC), one  second  fbrced expired  volurn ¢  (FEVi) and  FEVi%FVC,  and  con-

structing  prediction fbrmulae  {fom thesc  data in normal  Tanzanian  school  children  in Dar

es Salaam,
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                            Subjects and  Methods

    
'I'he

 stucly  reports  rcsults  from 14･13 (726 boys and  687 girls) healthy, school  children

ag'ed  betwecn  8 and  18 years. 
'['he

 sub.jccts  studied  wcr ¢  volunteers  who  besides being

nonsmokers  had no  symptoms  of  cardiopulmonar>,  discascs as  judgcd from answers  to an

elaborate  Kiswahili translation  of  the A4RC  Questionnaire on  Respiratory Symptoms

<Mashalla, 1987), and  c;}inical cxamination.  The  answers  in re]ation  to abnormal  respira-

tory  symptoms  were  ncgative  in all  subjects  I)rcsented in this  study,

    Thc  test was  cenclucted  by traiiied personncl who  w'ere  thoroughly  familiar vy'ith  the  in-

strurr]ents  and  the  technique.  Staiiding height was  rr)easured  without  shoes  or  in socks  us-

ing a  portable Holtain stadiometer  ",hich  has a  resolution  of  1 mm,  Spirometric measure-

ments  were  performed  in the standing  position using  a  7 litre dry iN'edge  spirometer  (Vitalo-
graph, Birrningham, Ei]glancl). The  subjcct  to bc tested was  first made  familiar with  thc

instrurrient and  testing technique.  X'Vith a  nose  clip  obstructing  the iiarcs  the subject  per-
fbrmed  five satisfactory  forced expiratory  manoeuvres,  All parameters rcported  herein

were  calculated  from the test with  the largest FVC  and  b'EVi. Regression analysis  of  pul-
monary  function results  on  standing  height were  perfbrmed  based on  a  power  {'unctionJ=

a,Hb  and  the va]idity  of  thc prediction Ibrmulae wcre  assessed  by coniparing  results  in this

study  with  results  of  equations  bascd on  a  similar  mathematical  model  (Hsu et at.,  1979) in

children  ofAfrican  origin  in the C;aribbean. Volumes  are  expressed  in mi  B'1'PS and  the

paired t-test was  used  Lo examinc  difft)rences bctw¢ en  mean  rcsults.

                                  Results

    Anthroporrielric data and  lung g"unction rcsults  of  all subjects  are  presented in Table 1,

Befbre l4 years of  age.  g'irls arc  on  average  taller  than  bo>,s (P<O.05). Thcreafter, boys

become increasingly tall so  that  at  16 years of  age  boys are  signi{lcantly  taller than  girls (P
<O.OOI). Marked  annual  incrcment in standing  height occurred  bctwccn  11-13  ycars in

girls, and  between  l2-14  },cars in the  boys.

    Relationship of  FEVL  aiid  FVC  w{th  agc  gbr boys and  girls arc  shown  in Fig. 1,

Marked  annual  increases in FEVi  and  FVC  occurred  between 11-14,  vears  and  13-  15                                                            '

years in girls and  boys respectively.  
'rhe

 relationship  of' FEXr'i%1/'VC with  age  is shown  in

Fig. 2. FEVi%FlviC shows  a  downwarcl trend  ancl  on  average  FEVi%FIv'C  declined (P>
O.3) at  O.22% and  O,46%  per year in girls and  boys, respectively.

   Comparison  of  sub.]'ects  mean  standing  height bctween  this  study  and  Caucasian child-

ren  is shown  in Fig. 3. For  the  same  age  
'I'anzanian

 children  have significantly  smaller

mean  standing  hcight (P<O.05) than  their  white  countc,rparts  e.g.  at  13 years mean  stand-

ing heights o{' subjects  in this study  are  145.6  (SD 8.0) cm  and  149.8 (SD 7,O) cm  as  com-

pared to 155.5 (SD 8.7) cm  and  157.5 (SD 5.9) cm  in Caucasian bo>,s and  girls, respectiNJely.
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Table  I.

               Lung  Function

Mean  standing  height (cm), FVC
and  giris in Dar  es  Salaam

in Tanzanian Chl]dren

a"d  FEVi  Cml BTPS)andFEV,%FVCfor

391

 SexBo>,s

Girls

Age (years)

  8-  9.9

 10-IO.9

 11-]L9

 12-]2,9

 13-JS.9

 l･1-14.9

 15-15.9

 16--16.9

 17-17.9

  8-  9,9

 ]O-10.9

 11-IL9

 l2-12.9

 13-13,9

 l4-14.9

 15-15,9

 16-16.9

 ]7..:.
 
17,9

N
 ･l･

 2i)

 661001201ooII5

 97

 99
 13

 60

 90152144118

 81

 25

  ･1

 Staturc129.2

 {5.6)
135.2 (7,4･)
137.3 (7,2)
142,1 (n,3)
145.6 (8.0)
150.4 (9.7)
155,5 (8.7)
160,8 (6.9)
l64-,9 (7.4)
132.8 <4.5)
134.4 (5.8)
l39.6 (6.8)
I4･5A･ (6.9)
149.8 {7.0)
152.8 {6,3)
154.2 (6.7)
157,5 (5.9)
I53.8 (1.5)

FVCM･761761l75419]6207U229125･t729523337]4591561165S]860206S2216232925622･152
.(m!)(612)(242)(144)019)(109)(I

 LS){113}(123)(121)(3SS)(152){125){

 97)(

 98){I09)(135)(232)(64-2)

FEV,Cml)

school  bol,s

FEV,9{,'iVC 
'

IS73i584･15al1717I8522035222825802879134514-291501i676I8461991209523002oes

'(635>{251)(143)(H8)(IU7)(122)(114)(12[)(121)<34-1-}(153)(124)(

 97){

 ga)(110)(135)(230)!65!)

In bracketsare

93.790.190.IS89.789,689,18Z786.786.,l92.391.790.890,389.789.790.190.185.](5.1)(6,5)(5.4)(5.l)(5.4){6,L)(6.3)(6.2)(5,8)(4･.5)(4･.7)<4.6)(5.6)(5.1)<6.S){5.2)(5,8)C3.7)

standard

4

3"=eE:.:if3z

deviati[)A's{SD)

                  1
                   8 10 IZ 14 16 IS

                                        Age(years)

      Fig. 1. Relat{onship ormean  FVC  and  FEV/  values  {1) witli  age  fbr Dar es  Salaam school  children.

                     mFVC  boys, oFEViboys  "FVCgirls,OFEV]git'ls

A  comparison  of' mean  Fli]Vi and  FVC  bctwccn  subjects  in this study  and  Caucasian chiid-

ren  is given in Tablc  2 and  shown  graphically in Figs. 4 and  5. Caucasian children  havc

significantly  larger lung volurr)e  resu]ts  (1'<O.OOI) than  subjects  in this  study.  Differenccs
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 le 12 14 16 IS

                   Age {years)

Relationship ofmcan  FEVi%FVC  with  agc  tbr Dar  es Salaam scheol  childrer!,

          mboys  "girls

Fig. 3.

18e

:/ l60:tea.

 14oga

12e
        9 10 11 12 13 14 15 16

                       Age (years)
Comparison of  mean  standiTig  hcis'ht at  different ages  bctween subjects  in
Caucasian subjccts  (C).

      -  boys  {TZ), ma g{rls (TZ), e  boys (C), O  g{rls (C}

17

this  study  (TZ) and

range  between 11-27%  and  13L30%  in the boys, and  between 11-20%  and  12-22%  in

the girls fbr FEIvJi and  FVC  respectively.  EquatiQns tbr predicting FEVL  and  FVC  are

given in Tab]e 3.' In all parametcrs, the powcr  ol' the standing  height derived from ln lung

volume  on  ln H  was  greatcr than  3.00. In Table 4 predicted FVC  and  FEVi  derived from

equations  in this  study  and  FVC  and  FEV]  computed  when  mean  standing  heights of  sub-

jects in this study  werc  incorporated in the  equations  of  Hsu  et al., (1979) are  presented.
There is good agreement  in the  predicted lung volume  results  in boys and  girls.
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Table 2.

           Lung' Functiofi in Tanzanian Chiidren

"(ean FVC  and  FEVi  (ml) for subjects  in this study  (Tanz) and  mean  values  for
Caucasian schoo]  children  CCauc)

393

Sex Age

   FVC  (ml)
'I'anz

 Cauc

            IJEVi  (ml)
%diffler Tanz  Cauc %differ

Boys

Girls

9lC}ll121314l5]6910II121314I516146417C)6lnoo202221942,1･52274230681479li)3817391987218623312403257216991923216524292715S1533567S940152317161924･22442t'/

 cF6276329332991

1613202024283028312111317192216I3271527160'41784192321292359261513301384I5531759192320432tOl2239152217041900211123S8268230043290137215331706197022182393253I2578i5II181822262726311912151721l5

              .. ... t. .-

%difi'cr represent  percent difllirences in lhe lung' vo]umcs  betwee- the  two  groups

                                Discussion

   I)ifllerent ways  of  approach  to analysis  and  presentation of  pu]monary  function data

have been described (Kamel et al., 1965; Cole, 1975). In this study  a  power function was

used  to relate  lung function indices with  standing  height, and  Iinear regression  analyses

were  perfbrmed without  making  corrections  fbr errors  in the measurements  of  standing

height so  that the estimated  power  of  the power  function would  be small.  We  Qbserved

large slopes  (power of  the power  function) fbr FEVi  and  FVC  in boys and  girls in this study

supporting  earlier  observations  that  lung volume  relates  best to the  cube  of  standing  height

(Cole, l975; Schrader et aL,  1984).

    Significant difllerences in pulmonary  functions between sexes  have been demonstrated

(Guerini et al., 19701 Cogswell･ et al., 1975) while  others  have  not  (Weng &  Levison, l969;

Michaelson et al,, l978). Boys and  girls were  analyzed  separatcly  in this study,  "re

observed  that for the same  standing  height within  the range  of  130 -]55  cm,  girls have

about  9.5%  smallcr  FEVL  and  FVC  than  boys; thus  stressing  that boys and  girls shoulcl  al-

ways  be analyzed  separately,  In the boys, annual  increment in the  standing  height and

lung function indices is highest between 13-15  years while  in girls it is between 11-14

years. These  observations  agree  with  reports  on  Caucasians where  similarly,  girls have

accelcrated  growth in stature  and  lung voiume  two  years earlier  than  boys (Schrader et  al.,

1984; De  Groodt, 1986),
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10 12 I4 16 18

                 8 10 12 14 16 ･ 18

                                    Age  (years)                                                                            -
    Fig. 4. Comparison  of  predicted FllV] and  FVC  values  (1) of  boys in this sLudy  ('I'Z) and  values  in
           Caucasiaii boys (C} at  diffL]rcnt ages  vv'hen  mean  standing  height ofCaucasiaii  boys i-,as ttsccl in

           equations  constructed  ln thls stud>,.

                        Nboys  (TZ} "boys  cC)

    Comparison of  FEVi  and  FVC  in this study  with  data on  Caucasians (Sc:hrader et  al,,

1984) shows  that  sub.]'ects  in this  study  have  smal]er  FEVL  and  FVC  thaii  Caucasians  of

comparable  ages.  Similarly, tbr the  same  standing  height, FEVL  and  FX,'C results  of  sub-

jects in this study  are  smallcr  than  those  found in their white  counte.rparts.  The  difl'er-

ences  agree  with  earlier  reports  (Chehreh et  at.,  1973; Binder et al.,  1976; Schoenberg  et al.,

1978; Hsu  et al., 1979), strcssing  that  cxtrapolation  ofCaucasian  sets  of  
"normal"

 ii'alues  Lo

other  populations is misleading  and  hence the need  for cach  population to compilc  rcfcrence

values  applicablc  to  their populations.

NII-Electronic  
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Fig. 5.
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                               Age <ycars)
Coinparisoti ef  predicteci FEV/  and  FVC]  N,alues  (]) of  gir]s in this study  ('1'Z) and  values

         girls (C} az  different ages  when  mean  standing  hcight ofCaucasian  girls was  uscd

        constructcd  in this studv.

             Mgirls  (TZ) "girls (C}

3. Prcdiction equations  for FIL･rC] and  FEVT  (rnt) for schoot  bo},s and  girls l" Dar cs

    Salaam,  and  prediction equations  ibr FVC  and  FEVi  in children  of  Af}'ican origin

    (Hsu et at,, 1979) showing  closeness  ofthe  power  c}fstanding  height {H)

IIIll]
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Av}ltorstudy Index Scx N Rcgression equation RSD

This

Hsi] et  al.

(1979)

FVC

FEVi

FVC

FEV,

MFMF

MFMF

726687726687

216311216311

   102× 10-tiXHSig

   193 × 10-SXHSP-

   361× lo'axH3･n

   488× 10-6XH3.os

   1070× 10-6XH?s:

   834× 10-eXH2ys

   1030× 10-t,XHzg:

t 
1149.ilO-tixH?･ag .-"

O,]50O.l67O.144O.168

 rO.88O.79O.8SO,76
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Table  4.

           MASHALLA.  )vlASEsA &  VEENEKL,XAS

Computed  FVC  and  FEVi  (nil} using  predict,ion equations  in lhis study  as  com-

paved to computed  FVC  and  FEVi  when  mcan  stunding  height ol' sulijects  in this
study  was  incerperatcd in Ihe  equations  ol' Hsu  et aL,  (1979>

Author Index Sex 9
  Age  in
 1118011739160-1553

19632055179Y1801

yearsLS

This sLudy

Hsu  ei at.

{I979)

FVC

FEV,

Fva

FEV,

MFMF

MFMF

14631479IS261335

1641177115051559

2194218619231923

2329253521332208

    15
'
 

'2742

   2402

   2359

   2100

   2824

   2765

   2584･

   2402

   FEVi and  FVC  increases with  age  in both boys and  girls, however, the  ratio  ofFEV]  to

FVC  declines gradually suggesting  that  during adolcscence  FVC  outgrows  FEV]  in these

subjects.  FEVi%FVC  values  reported  in this  study  are  somewhat  larger than  those  re-

ported in Caucasians (Schradcr et al,, 1984; De  Groodt, 1986) dcspite sub.iects  in this  study

having smaller  lung volumes.  It has been  suggested  that  people of  African trait  have

large lung elastic  recoil  than  Caucasians (Binder et al., l976) which  gives them  a  smaller

FVC  and  large FEVi%FVC.  Lung  elastic  recoil  was  not  measured  in this study  thus  its

contribution  to the diflerences in the lung volumes  between  the two  races  could  not  be

made.  Studies of  pulmonary function tests and  elastic  recoil  te include large populations
of  rural  children  would  unqucstionably  be helpfu1 in a more  clear  assessment  of  Tanzanian

values,
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タ ン ザ ニ ア にお ける小児の 努力性肺活量 と 1 秒量

ヨ ハ ナ ・マ シ ャ ラ
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フ ェ ネク ラ ース

’

要　　旨 ： 8 歳 か ら 18 歳 まで の 健康 な児童 1．413 人に つ い て ，肺機能，特 に 努力肺活量 （FVC ），1 秒

量 （FEV 、），1 秒率 〔FEV1 ％FVC ）に つ い て の デ
ー

タ を得 た．被検者 は す べ て 非喫煙者 で ，

心血管系 の 症状 や 既往歴 は な い ，こ の 研究の 被検者 は，西
’
洋 の 小児に 比 べ 有意 に身長が 低

く （Pく 0，05），同年齢 ・同 身長 で は FVC ，　FEV1 が 有意 に小 さか っ た （P ＜ 0，001），肺気量 は ，
、と位身長 の べ き乗の 関数で 近似 され る 〔Y＝aHb ）．両 対数 グ ラ フ で 導か れ る FVC と身長 の

べ き数は 男 「
・3．39，女子 3．24 で あ り，FEVi と身長の べ き数 は 男子 3．11，女子 3．03 で あ っ

た．こ の 予測式 よ り得 られ る FEV ・ と FVC は，カ リブ の 黒 人 小 児に対 して の 同様 な 数学 的

モ デ ル に 基づ く予 測式 に よ り計算 さ れ る FEV ， と FVC とよ く
一
致 し た．

J．uoEH （産業 医 大 誌 ），
12 （4 ）： 389− 398 （1990 ）
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