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Maternal weight and weight gain during pregnancy — 
can the arm circumference be used as surrogate? 

A . A. O L U K O Y A A N D O . F. G I W A - O S A G I E * 
Institute of Child Health and Primary Care and ' Department of Obstetrics and Gynaecology, College of Medicine, 

Lagos. Nigeria 

Summary 

A survey a m o n g pregnant Nigerian women 
a t tending an an tena ta l clinic showed a s t rong 
correlat ion be tween the a rm c i rcumference and 
weight. T h e sensitivity and positive predictive 
value of mid-arm c i rcumference < 2 3 cm for 
first t r imester weight of < 4 5 kg was 85 .7% and 
54 .5% respectively. In the second t r imester , 
these values for mid-arm ci rcumference of < 2 4 
cm and weight < 5 0 kg were 55 .6% and 32.3% 
respectively. T h e specificity was high, ranging 
up t o 9 9 . 4 % . T h e value of the screening was 
found to be higher amongst primigravidas. Mid-
arm c i rcumference was however found to be 
insensitive for moni to r ing of weight gain dur ing 
pregnancy. Strips based on this principle may 
be useful as a screening tool especially for 
low cadre heal th workers to identify pregnant 
women cons idered nutri t ionally at risk. 

Resume 

U n e e n q u e t e a u p r e s des f e m m e s Nigdriancs en 
grossesse, consu l tan tes dans une clinique 
p rena ta le , mon t r e une for te correlat ion en t re la 
c i rconference du b ras et le poids. La sensibility 
ct la valeur predict ive positive d ' u n e circonfer-
ence du bras a mi -hau teur de < 2 3 cm pour un 
poids au p remie r t r imestre de < 4 5 kg etaient 
de 85 .7% et de 54 .5% rcspect ivcment . Au 
deux ieme t r imes t re , ces valeurs p o u r une cir-
conference du b ras a mi -hau teur de < 2 4 cm ct 
pour un poids de < 5 0 kg e ta ient de 55 .6% ct de 
32.3% rcspect ivcment . La spdcificit<5 dtait 
e levee. r emon tan t j u squ ' a 9 9 . 4 % . La valeur du 
controle se t rouva plus <Slev£e chez les primi-
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gravides. La c i rconference du b ras a mi -hau teu r 
sc revtfla insensible en ce qui conce rne le 
controle de 1'accroissement du poids au cour s 
de la grossesse. D e bandes , fonc t ionnant se lon 
ce principe, peuvent scrvir c o m m e out i l de 
controle , sur tout pour les t ravai l leurs d e la 
sante de bas n iveau , pour ident i f ier les f e m m e s 
en grossesse & risque nutr i t ionncl 

Introduction 

T h e nutri t ional s ta tus of pregnant x o m e n *s 
generally believed to be rloscly l inked to 
perinatal ou tcome (1]. Incrc - cd m o d c n c c ot 
p rematu re bir ths and preeclampsia has : 
repor ted in ext remely unde rwe igh t 
(2,3| . Studies have found a higher m c i d r n c e of 
hyperemesis g rav ida rum, ins t rumenta l del ivery 
and prematur i ty in underweight w o m e n than 
controls of normal weight [4-6]. Th i s is also 
suppor ted by a study which found fewer pre-
term deliveries in w o m e n whose nutr i t ion was 
improved by supp lementa t ion (7]. O n e s tudy 
using mult ivariate analysis, showed tha t low 
pregnancy weight is associated with p r e m a t u r e 
rup ture of the m e m b r a n e s (8). Poor ma te rna l 
nutri t ion has also been linked to s p o n t a n e o u s 
abor t ions , stillbirths and congenital ma l fo rma-
tions [9]. 

T h e product of pregnancy is not spa red : it 
has been found that ma te rna l weight , (one of 
the measures of ma te rna l nutr i t ional s ta tus) , 
specifically the p re -pregnancy weight , and the 
gestat ional weight gain (10], is l inked to the 
bir thweight of the infant . 

O n e study demons t r a t ed that women 
weighing m o r e , had higher subscapular skin-
folds, and that birth weights of of fspr ing were 
higher in such women (11]. A n o t h e r s tudy also 
found that significant changes in the measure -
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m e n t s of the u p p e r a r m c i rcumference , tri-
ceps and subscapular skinfolds occur dur ing 
p regnancy (12). A previous s tudy in Nigeria 
found that the a rm c i rcumference could be used 
to ident i fy underweight non-pregnant w o m e n 
with a fairly good sensitivity and positive 
predict ive value (13). 

In Niger ia , coverage of the popula t ion with 
m o d e r n heal th ca re services is es t imated to be 
n o m o r e than 3 5 % , result ing in relatively small 
p ropor t ion of w o m e n receiving antenata l ca re , 
o r delivery by t ra ined personnel |14 | . T h e 
mate rna l mortal i ty ratio has been found to be 
very high, at 1500 per 100,000 live bir ths, with 
values u p to 1800 per 100,000 live bir ths in some 
rural a r eas [ 15]. T h e r e is thus no gainsaying that 
appropr i a t e technology has to be developed to 
improve mate rna l health services, especially for 
w o m e n in rural a reas , patronizing non-medical 
workers in o rde r to improve on quali ty and 
increase heal th care coverage in the spirit of 
pr imary heal th care . 

This s tudy was p e r f o r m e d to find out if the 
a rm c i rcumference could be useful in screening 
a n d moni to r ing women dur ing pregnancy in 
o r d e r :o ident i fy those who are d e e m e d to be 
underweigh t o r who have poor weight gain, so 
that app rop r i a t e nutr i t ional and o ther interven-
t ions could be insti tuted by lower cadre heal th 
worker s . 

Mater ia ls and methods 

T h e sample consisted of 1256 pregnant women 
a t tending the An tena t a l Clinic at the Lagos 
Universi ty Teach ing Hospi ta l . Lagos is the 
commerc ia l capital of Nigeria , and the 
Teach ing Hospital ca ters mostly for uppe r 
lower class/middle class pat ients . T h e sample 
size reflects at least 4 0 % of the w o m e n a t tend-
ing the clinic in a year . T h e sample was fu r the r 
s trat i f ied to reflect women in the th ree tri-
mes ters of p regnancy . 

A n o t h e r cohor t of 200 w o m e n was fol lowed 
f rom the first or early second t r imester until 
del ivery. At each visit, the gestat ional age 
( f rom the last mens t rua l per iod — L M P ) was 
calcula ted, as well as m e a s u r e m e n t s of weight 
and left a rm c i rcumference . T h e a rm c i rcumfer-
ence was taken at a point 15 cm above the left 
o l ec ranon , with the a rm flexed at 90° and 
re laxed, using a non-s t re tchablc tape measu re . 

All m e a s u r e m e n t s were t aken by the s a m e 
t ra ined heal th w o r k e r using the s a m e weighing 
scales a n d t ape m e a s u r e . T h e weights were 
m e a s u r e d with only the unde rc lo thes on . T h e 
heights were m e a s u r e d against a flat vertical 
su r face wi thout any shoes o n . T h e reverse side 
of the t ape was used b e f o r e t ak ing the actual 
reading in o r d e r to min imize bias . W o m e n who 
had t oxaemia , mul t ip le p r egnanc i e s o r overt 
o e d e m a were exc luded f r o m the analysis. T e n 
percent of the sample m e a s u r e m e n t s a n d o t h e r 
da ta were ver i f ied by o n e of the au thor s . 

Results 

In all, 1256 w o m e n w e r e rec ru i t ed in to the 
study. T h e analysis re f lec ts w o m e n whose d a t a 
were comple t e for the va r ious ana lyses , with 
the except ion of the w o m e n w h o s e d a t a were 
d r o p p e d on accoun t of t o x a e m i a , mul t ip le 
pregnancies or over t o e d e m a . Bes ides these 
var iables , the re did not s e e m to be any o t h e r 
special character is t ics that could be ascr ibed to 
w o m e n whose cases w e r e d r o p p e d . 

T h e character is t ics of t h e w o m e n a r e shown 
in T a b l e 1. T h e largest p r o p o r t i o n of w o m e n 
(47 .1%) were in the 2 5 - 2 9 y e a r age g roup . 
T h e r e was a fairly even d i s t r ibu t ion of w o m e n 
be tween the t h r ee t r imes te r s . P r imigrav idas 
m a d e u p 16.3% of the s a m p l e , a n d 10.4% of 
the w o m e n had had six o r m o r e p r egnanc i e s ; 
34 .3% of the s amp le cons is ted of nu l l ipa rous 
w o m e n . 

S o m e a n t h r o p o m e t r i c m e a s u r e m e n t s a re 
shown in Tab le 1. T h e m e a n weight fo r the 
whole sample was 67.9 ± 12.6 ( s .d . ) kg. T h e 
mean weight for w o m e n in the first t r imes te r 
was 64 .3 ± 13.1 kg, s econd t r imes t e r 67.0 ± 
11.3 kg and 72.4 ± 12.3 kg in the third tri-
mes te r . 'I he d i f f e r ences b e t w e e n the m e a n s 
were all significant at P < 0 .001. T h e heights of 
the w o m e n var ied f r o m 1.42 m to 1.84 m . T h e 
mean height was 1.63 ± 0 .05 m. Only 1.2% of 
the w o m e n had heights be low 1.5 m. T h e left 
a rm c i r cumfe rence ( L A C ) r a n g e d f r o m 19.4 cm 
to 44.0 c m , with a m e a n of 27 .9 ± 3.5 cm. 

Digital preference 

Fur the r analysis ca r r i ed out on the da ta to 
d e t e r m i n e digital p r e f e r e n c e s h o w e d a s t rong 
t endency for m e a s u r e m e n t s to be recorded in 
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Pregnancy weight and weight gatn surrogates 

Table 1. Characteristics of the pregnant women 
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No. % 

Age (years) 
1.0 15-19 12 1.0 

2(>—24 181 15.2 
25-29 650 47.1 
30-34 322 27.1 
35-39 101 8.5 
40-44 14 1.2 

Gestation (trimester) 
1st 344 29.7 
2nd 426 36.8 
3rd 388 33.5 

Gravidity 
16.3 1 194 16.3 

2-3 518 43.5 
4-5 313 26.3 
6-7 124 10.4 
8-9 31 2A> 
>10 12 1.0 

Parity 
0 409 >4 .» 
1-2 511 42 V 
3-4 211 17 
5-6 53 4 -
7-8 6 
>9 2 (I 

Weight (kg) 
<50 kg 48 3 9 
2:100 kg 14 11 

Mean weight (kg) 

Whole sample Primigravidas Multigravidas 

Gestation (trimester) 
All 67.9 ± 12.6 64.1 ± 12.1 68.7 ± 12.7 
1st 64.3 ± 13.1 63.8 ± 17.1 64.4 ± 12.5 
2nd 67.0 ± 11.3 62.3 ± 9.3 68.1 ± 11.4 
3rd 72.4 ± 12.3 67.7 ± 9.9 73.4 ± 12.7 

round kilograms, o r whole cent imetres — 73% 
of the weight, 49% of the arm circumferences 
and virtually all the height measurements . 

Relationship between maternal weight (MW), 
age, height (II) and left arm circumference 
(LAC) in the sample 

Product moment correlat ion coefficients were 

calculated for the various an th ropomet r i c and 
o ther variables (Table 2). On the whole , the 
strongest correlat ion was be tween the L A C and 
M W . T h e correlat ion coeff icients ranged f rom 
0.74 to 0.81 in all three t r imesters , and were all 
significant at P < 0.001. T h e effect of maternal 
height on L A C / M W was also examined . T h e 
L A C / M W correlat ion coefficients were all qui te 
high, ranging f rom 0.78 to 0.84, and significant 
at P < 0.001. 
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Pregnancy weight ami weight gain surrogates 

Prediction of weight from LA C 

A fairly s trong relat ionship was demons t ra ted 
between L A C and MW. T h e cut-off for MW 
was set at three d i f ferent levels — 45, 50 and 55 
kg. A previous study on non-pregnant women 
gave a regression equat ion for L A C as 119.60 + 
0.253 ( M W ) , which gave an L A C of about 23 
cm for M W cut-off at 45 kg. T h e L A C cut-offs 
were thus chosen as 23, 24, 25 and 26 cm. The 
specificity was high, ranging up to 99 .4%. The 
sensitivities and predictive positive values arc 
shown in Tables 3 -5 . When the MW cut-off was 
chosen at 45 kg, L A C cut-off at 23 cm seemed 
opt imum, especially in the first t r imester, with 
sensitivities ranging from 80 to 100% and 
positive predictive values ranging from 50.0% 
to 66 .7%, the predictive positivity being best on 
primigravidas (Table 3). 

At 50 kg cut-off for M W , the opt imum cut-off 
for L A C appears to be at 24 cm. T h e sensitivi-
ties ranged f rom 46.1% to 100%, and positive 
predictive values f rom 21 .9% to 66 .7%. Again, 
this cut-off seemed to be of best use in the first 
tr imester. T h e sensitivity drops from 100% in 
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primigravidas to 65% in multigravidas, but the 
positive predict ive values double f rom 33 .3% 
to 66 .7% (Table 4). L A C cut-offs of 25 cm and 
26 cm raise the sensitivities, but concurrent ly , 
the predictive positive values decrease . 

At 55 kg cut-off for M W (Table 5), the L A C 
cut-off seems op t imum at 25 cm. T h e sensitivi-
ties ranged f rom 58 .3% to 83 .3% with positive 
predictive values of 2 3 . 1 - 7 7 . 8 % . Aga in , use in 
the first t r imester seems to yield the best 
compromise be tween sensitivity and positive 
predictive values, and the sensitivities seem 
bet ter with primigravidas than mult igravidas. 

Use of LAC for weight monitoring 

Of the cohort of 200 women who were fol lowed 
f rom the first t r imester and early second tr imes-
ter to delivery. 171 records were found sui table 
for analysis. From these, the weight changes 
and corresponding _rm c i r c u m f - ' c n c e changes 
were calculated. Corre la t ion >_orircicms be-
tween weight changes nnJ a a n c r c c - . fcren. c 

Tabic 3. Test sensitivities (%) and positive prcdictivc values (%) n^ing cut-of I 'or •- v,. \ , <-ft an:. 
circumference (LAC) 

LAC (cm) 

< 2 3 < 2 4 < 2 5 < 2 6 

Pred Prcd Prcd Prc«J 
Gestation (trimester) Sens pos Sens pos Sens pos Scn> pos 

Whole sample 
All 85.7 17.1 85.7 6.5 85.7 3.0 100 2.2 
1st 85.7 54.5 85.7 22.2 85.7 10 9 100 7.6 
2nd NC NC NC NC NC NC NC NC 
3rd NC NC NC NC NC NC NC NC 

Primigravidas 
All 100 16.7 100 6.3 1(K) 4.2 100 2.9 
1st 100 66.7 100 33.3 100 20.0 100 14.3 
2nd NC NC NC NC NC NC NC NC 
3rd NC NC NC NC NC NC NC NC 

Multigravidas 
All 80 19.0 80 7.4 80 2.8 100 2.0 
1st 80 50.0 80 19.0 80 8.9 10 6.4 
2nd NC NC NC NC NC NC NC NC 
3rd NC NC NC NC NC NC NC NC 

Sens = sensitivity; Pred pos = predictive positive value; NC = not calculable. 
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Table 4. Test sensitivities (%) and positive predictive values (%) using cut-off for weight 50 kg by left arm 
circumference (LAC) 

LAC (cm) 

< 23 < 24 < 25 < 26 

Pred Pred Pred Pred 
Gestation (trimester) Sens pos Sens pos Sens pos Sens pos 

Whole sample 
All 31.3 42.9 60.4 31.2 79.2 18.8 91.7 31.2 
1st 25.9 63.6 59.3 59.3 74.1 36.4 88.9 26.1 
2nd 33.3 66.7 55.6 32.3 83.3 19.7 94.4 14.0 
3rd NC NC NC NC NC NC NC NC 

Primigravidas 
All 50 33.3 87.5 21.9 87.5 14.6 87.5 10.0 
1st 1(H) 66.7 100.0 33.3 100.0 20.0 1(H).0 14.3 
2nd 40 66.7 80.0 30.8 80.0 21.1 80.0 14.8 
3rd NC NC NC NC NC NC NC NC 

Mult (gravidas 
All 23.7 42.9 52.6 37.0 76.3 20.6 92.1 14.2 
1st 20.0 62.5 65.0 66.7 72 40.0 88.0 28.2 
2nd 30.8 66.7 46.1 33.3 84.6 20.0 100.0 14.1 
3rd NC NC NC NC NC NC NC NC 

Sens = sensitivity; Prod pos = predictive positive value; NC = not calculable. 

Table 5. Test sensitivity (%) and positive predictive values (%) using cut-off for weight 55 kg by left arm 
circumference (LAC) 

LAC (cm) 

< 23 < 24 < 25 < 26 

Pred Pred Pred Pred 
Gestation (trimester) Sens pos Sens pos Sens pos Sens pos 

Whole sample 
All 19.2 82.9 40.4 65.6 64.2 48.0 78.8 35.7 
1st 15.3 100.0 33.3 88.9 58.3 76.4 76.4 59.8 
2nd 16.3 88.9 42.9 67.7 67.3 43.4 81.6 33.1 
3rd 38.9 58.3 61.1 42.3 77.8 25.5 88.9 16.2 

Primigravidas 
All 33.3 83.3 63.3 59.4 76.7 47.9 80.0 34.3 
1st 33.3 100 44.4 66.7 66.7 60.0 66.7 42.9 
2nd 25.0 100 75.0 69.2 75.0 47.4 83.3 37.0 
3rd 50.0 60.0 66.7 36.4 83.3 31.3 83.3 23.8 

Multigravidas 
All 14.9 81.0 34.2 72.2 59.6 48.2 78.1 36.0 
1st 12.7 100.0 31.7 57.1 80.0 77.8 77.8 62.8 
2nd 14.3 83.3 34.3 66.7 62.9 40.0 80.0 30.4 
3rd 33.3 57.1 58.3 46.7 75.0 23.1 91.7 15.1 
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Pregnancy weight and weight gain surrogates 161 

changes were a l so ca lcu la ted . T h e resul ts 
showed no s ignif icant co r re la t ion b e t w e e n 
weight change and a r m c i r c u m f e r e n c e changes . 

Discussion 

It is general ly a s s u m e d that ges ta t iona l weight 
gain has four ma in c o m p o n e n t s : laying d o w n of 
fat s tores , g rowth of breas t a n d u t e r ine t issue, 
increased p lasma v o l u m e , a n d g rowth of the 
foetus, p lacen ta a n d amnio t i c f luid 116|. Weight 
gain can thus be e x p e c t e d to increase subcuta-
neous fat a n d , t h e r e f o r e , a r m c i r cumfe rence . 

This s tudy s h o w e d a fairly high cor re la t ion 
coefficient b e t w e e n L A C and M W . Coef f i c ien t s 
were in the r ange of 0 .74 -0 .83 and significant at 
P < 0.001 (Tab l e 2) . T h e coef f ic ien ts dec reased 
f rom t h e first to the th i rd t r imes te r , probably 
due to increases in weight in o t h e r o rgans that 
do not lead to increase in subcu t aneous fa t . 
Also, it is genera l ly bel ieved that the baby gains 
the most weight du r ing the third t r imes te r , and 
it can be a s sumed that ma te rna l subcu taneous 
fat decreases dur ing the third t r imester (contri-
buting to the increase in the baby ' s weight) in 
the p resence of to ta l gross body weight gain. 
This is suppor t ed by a n o t h e r s tudy which 
showed that w o m e n ga ined subscapula r fat 
during the first two t r imes te r s and lost fat in the-
last t r imester [11]. 

Whilst it is general ly a s sumed tha t a pregnant 
woman should gain s o m e weight dur ing 
pregnancy , consensus has not been reached on 
the a m o u n t of we igh t , a l though a repor t s ta ted 
a relative risk for in t ra -u tc r inc growth re tarda-
tion of 1.98 for ges ta t ional weight gains of less 
than 7 kg [10]. Us ing the W H O s t anda rd of 
weight (in non-pregnan t w o m e n ) of less than 
45 kg as underweigh t [17], it can be assumed 
that a weight in the third t r imester of 50 kg or 
less is underwe igh t . Pregnancy weight cut -of fs 
were chosen at 45, 50 and 55 kg. T h e corres-
ponding sensitivit ies and predic t ive posit ive 
values a r e shown in Tab le s 3 - 5 . T h e specificity 
for the m e t h o d was h igh, ranging up to 9 9 . 4 % . 

It would a p p e a r t ha t , in genera l , 23 cm would 
be a good cut-off to de tec t women whose 
weights a re less than 45 kg dur ing the first 
t r imester of p regnancy . Th i s would yield at the 
worst 80% sensitivity — that is, 20% of cases 
will be missed, and predict ive posit ive va lue of 
50% — that is, every o t h e r w o m a n test ing 

posit ive will be a false posi t ive. T h e r e would be 
m o r e false posi t ives a m o n g mul t igravidas . Th i s 
might not be ent i re ly undes i r ab le as mult igravi-
das a r c m o r e likely to t ake th ings fo r g r a n t e d , 
based on ' p rev ious e x p e r i e n c e ' , especial ly in 
this e n v i r o n m e n t , and it wou ld be good to 
identify those at possible risk for be t t e r ca re . 
O n the o t h e r h a n d , the be t t e r sensi t ivi t ies a n d 
predict ive posit ive va lues a m o n g s t pr imigravi-
das would lead to be t t e r sc reen ing a m o n g this 
g r o u p dur ing a p regnancy normal ly cons ide red 
as 'high risk' . 

For the second t r imes te r , the weight cut-off 
ideally should be 50 kg. T h e o p t i m u m L A C cut -
off for this a p p e a r s to be 24 c m : with this , at the 
wors t , abou t 5 0 % of the w o m e n will be missed , 
and two out of every t h r ee w o m e n sc reen ing 
posit ive could be false posi t ives. T h i s m a y no t 
be a cost t oo high fo r the individual a n d t h e 
communi ty to bea r , as t he re wou ld still be t ime 
for the w o m a n t o increase he r nut r i t iona l i n t a k e 
and adop t o t h e r a p p r o p r i a t e m e a s u r e s to im-
prove on he r per ina ta l o u t c o m e . It wou ld 
appea r that fo r the 3rd t r imes t e r . L A C of 25 cm 
would miss 2 5 % of w o m e n weighing less t han 
55 kg. with a very low posit ive predic t ive value 
T h e s e values shou ld of course be '»een in t h e 
context of th . hea l th care d . ' i v r r v *ystem 
W h e r e supervis ion of lower c j d i e w o r k e r s is 
good , the re would r o t be a g-*--it c\ ^ for be ing 
a false posi t ive, since ihc s u p e r , i>or can p i o v i d e 
p rompt back-up a n d reassurance w h e r e a p p r o -
priate . W h e r e supervis ion i> not so g o o d , a t r i p 
to the neares t hea l th cen t r e for pa lpa t i on , 
weighing and o t h e r an t ena ta l ca re services 
would in any case be benef ic ia l to t h e w o m a n , 
and is be t te r than no service at all. 

Moni tor ing of weight gain using the a r m 
c i rcumference d o e s not a p p e a r very p romis ing 
in this s tudy. T h e co r re la t ions b e t w e e n weight 
changes and L A C changes were very p o o r a n d 
insignificant. T h e digital p r e f e r e n c e fo r the a m i 
c i r cumference was 4 9 % ; tha t is, t h e r e w a s a 
s t rong t endency to r ecord ing of lengths in 
whole cen t ime t res . Th i s could m a k e the L A C 
even less sensi t ive for de tec t ing changes in 
weight . Bes ides , changes in weight d o not all 
result in changes in s u b c u t a n e o u s fat du r ing 
pregnancy . It t h u s seems that L A C is be t t e r for 
sc reen ing than for moni to r ing . M o r e field 
research needs to be d o n e on the usc f , , ,n '»<K of 
this as a sc reen ing tool in the hand 
c a d r e heal th worke r s . 
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