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

A.A.OLUKOYA AND O. F. GIWA-OSAGIE* N
Institute of Child Health and Primary Care and * Department of Obstetrics and G, ynaecology, College of Medicine,
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Summary

A survey among pregnant Nigerian women
attending an antenatal clinic showed a strong
correlation between the arm circumference and
weight. The sensitivity and positive predictive
value of mid-arm circumference <23 cm for
first trimester weight of <45 kg was 85.7% and
54.5% respectively. In the second trimester,
these values for mid-arm circumference of <24
cm and weight <50 kg were 55.6% and 32.3%
respectively. The specificity was high, ranging
up to 99.4%. The value of the screening was
found to be higher amongst primigravidas. Mid-
arm circumference was however found to be
insensitive for monitoring of weight gain during
pregnancy. Strips based on this principle may
be useful as a screening tool especially for
low cadre health workers to identify pregnant
women considered nutritionally at risk.

Résumé

Une enquéte aupres des femmes Nigérianes en
grossesse, consultantes dans une clinique
prénatale, montre une forte corrélation entre la
circonférence du bras et le poids. La sensibilité
et la valeur prédictive positive d’une circonfér-
ence du bras a mi-hauteur de <23 cm pour un
poids au premier trimestre de <45 kg étaient
de 85.7% et de 54.5% respectivement. Au
deuxiéme trimestre, ces valeurs pour une cir-
conférence du bras a mi-hauteur de <24 cm et
pour un poids de <50 kg étaient de 55.6% et de
32.3% respectivement. La spécificité  était
élevée, remontant jusqu'a 99.4%. La valeur du
controle se trouva plus élevée chez les primi-
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gravides. La circonférence du bras & mi-hauteur
se révéla insensible en ce qui concerne le
controle de I'accroissement du poids au cours
de la grossesse. De bandes, fonctionnant selon
ce principe, peuvent servir comme outil de
controle, surtout pour les travailleurs de la
santé de bas niveau, pour identifier les femmes
en grossesse A risque nutritionnel

Introduction

The nutritional status of pregnant women
generally believed to be closzly iinked 1o
perinatal outcome [1]. Incre ~od mcidence ot
premature births and preeclampsia has boc:
reported in extremely undcrweight women
[2.3]. Studies have found a higher incidence of
hyperemesis gravidarum, instrumental delivery
and prematurity in underweight women than
controls of normal weight [4-6]. This 1s also
supported by a study which found fewer pre-
term deliveries in women whose nutrition was
improved by supplementation [7]. One study
using multivariate analysis, showed that low
pregnancy weight is associated with premature
rupture of the membranes [8]. Poor maternal
nutrition has also been linked to spontaneous
abortions, stillbirths and congenital malforma-
tions [9].

The product of pregnancy is not spared: it
has been found that maternal weight, (one of
the measures of maternal nutritional status),
specifically the pre-pregnancy weight, and the
gestational weight gain [10], is linked to the
birthweight of the infant.

One study demonstrated that women
weighing more, had higher subscapular skin-
folds, and that birth weights of offspring were
higher in such women [11]. Another study also
found that significant changes in the measure-
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ments of the upper arm circumference, tri-
ceps and subscapular skinfolds occur during
pregnancy [12]. A previous study in Nigeria
found that the arm circumference could be used
to identify underweight non-pregnant women
with a fairly good sensitivity and positive
predictive value [13].

In Nigeria, coverage of the population with
modern health care services is estimated to be
no more than 35%, resulting in relatively small
proportion of women receiving antenatal care,
or dclivery by trained personnel [14]. The
maternal mortality ratio has been found to be
very high, at 1500 per 100,000 live births, with
values up to 1800 per 100,000 live births in some
rural areas [15]. There is thus no gainsaying that
appropriate technology has to be developed to
improve maternal health services, especially for
women in rural areas, patronizing non-medical
workers in order to improve on quality and
increase health care coverage in the spirit of
pnmary health care.

This study was performed to find out if the
arm circumference could be useful in screening
and monitoring women during pregnancy in
order to identify those who are deemed to be
undenveight or who have poor weight gain, so
that appropriate nutritional and other interven-
vons could be instituted by lower cadre health
workers.

Materials and methods

The sample consisted of 1256 pregnant women
attending the Antenatal Clinic at the Lagos
University Teaching Hospital. Lagos is the
commercial capital of Nigeria, and the
Teaching Hospital caters mostly for upper
lower class/middle class patients. The sample
size reflects at least 40% of the women attend-
ing the clinic in a year. The sample was further
stratified to reflect women in the three tri-
mesters of pregnancy.

Another cohort of 200 women was followed
from the first or early second trimester until
delivery. At cach visit, the gestational age
(from the last menstrual period — LMP) was
calculated, as well as measurements of weight
and left arm circumference. The arm circumfer-
ence was taken at a point 15 cm above the left
olecranon, with the arm flexed at 90° and
relaxed, using a non-stretchable tape measure.

All measurements were taken by the same
trained health worker using the same weighing
scales and tape measure. The weights were
mecasured with only the underclothes on. The
heights were measured against a flat vertical
surface without any shoes on. The reverse side
of the tape was used before taking the actual
reading in order to minimize bias. Women who
had toxacmia, multiple pregnancies or overt
ocdema were excluded from the analysis. Ten
percent of the sample measurements and other
data were verified by one of the authors.

Results

In all, 1256 women were recruited into the
study. The analysis reflects women whose data
were complete for the various analyses, with
the exception of the women whose data were
dropped on account of toxacmia, multiple
pregnancies or overt oedema. Besides these
variables, there did not seem to be any other
special characteristics that could be ascribed to
women whose cases were dropped.

The characteristics of the women are shown
in Table 1. The largest proportion of women
(47.1%) were in the 25-29 year age group.
There was a fairly even distribution of women
between the three trimesters. Primigravidas
made up 16.3% of the sample, and 10.4% of
the women had had six or more pregnancies:
34.3% of the sample consisted of nulliparous
women.

Some anthropometric measurements are
shown in Table 1. The mean weight for the
whole sample was 67.9 * 12.6 (s.d.) kg. The
mean weight for women in the first trimester
was 64.3 * 13.1 kg, second trimester 67.0 +
11.3 kg and 72.4 * 12.3 kg in the third tri-
mester. The differences between the means
were all significant at P < 0.001. The heights of
the women varied from 1.42 m to 1.84 m. The
mean height was 1.63 + 0.05 m. Only 1.2% of
the women had heights below 1.5 m. The left
arm circumference (LAC) ranged from 19.4 cm
to 44.0 cm, with a mean of 27.9 * 3.5 cm.

Digital preference

Further analysis carried out on the data to
determine digital preference showed a strong
tendency for measurements to be recorded in
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Table 1. Characteristics of the pregnant women

No. Yo
Age (years)
15-19 12 1.0
20-24 181 15.2
25-29 650 47.1
30-34 322 27.1
35-39 101 8.5
4044 14 1.2
Gestation (trimester)
Ist 344 29.7
2nd 426 36.8
3rd 388 33.5
Gravidity
1 194 16.3
2-3 518 43.5
45 313 26.3
6-7 124 10.4
89 31 2.6
=10 12 1.0
Parity
0 409 A4
1-2 511 a2y
34 211 17
5-6 53 4 -
7-8 6 0.
=9 2 0
Weight (kg)
<50 kg 48 39
=100 kg 14 fis}
Mean weight (kg)
Whole sample  Primigravidas  Multigravidas
Gestation (trimester)
All 67.9 * 12.6 64.1 = 12.1 68.7 = 12.7
Ist 64.3 + 13.1 63.8 = 17.1 644 125
2nd 67.0 + 11.3 62.3+93 68.1 £ 11.4
724 £ 123 67.7 £ 9.9 73.4 £ 12.7

3rd

round kilograms, or whole centimetres — 73%
of the weight, 49% of the arm circumferences
and virtually all the height measurements.

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

Product moment correlation coefficients were

calculated for the various anthropometric and
other variables (Table 2). On the whole, the
strongest correlation was between the LAC and
MW. The correlation coefficients ranged from
0.74 to 0.81 in all three trimesters, and were all
significant at P < 0.001. The effect of maternal
height on LAC/MW was also examined. The
LAC/MW correlation coefficients were all quite
high, ranging from 0.78 to 0.84, and significant
at P < 0.001.



iwa-Osagie

5

A. Olukoya and O. F. C

A.

8

"UONR[III0) JO IUDDJO0D S U0SILd] = 4 ‘dduedyudis Jjo [0ad] = Sis

10000 8L°0 61t 1000 9270 St¢ 1000 1870 L6T 1000 90 L66 sepiaeIdnniy
1000 tL0 L9 1000 940 tL 000 €80 9% 10000 SLO <6l sepuaesdiutig
1000 8.0 L8¢ 10000 LL°0 Fr 10000 180 pre 10000 9L°0 LTt ojdwes doym
IVTMN
100 €10 LLE SN S0°0 1< SN 900 £re 100 600 6L11 OVTH
1000 €T0 S8¢ 1000 +T°0 s 1000 +2°0 433 1000 +20 8811 JVI18Y
00 €ro- 9g SN o= Lt SN 90°0-  THE 1000 10— €LII H/3V
10000 81°0 98¢ 1000 €T°0 0z 100 910 e 1000 610 8811 BY/MIN
1000 8¢°0 8LE 1000 9¢°0 1k 1000 ¥€0 £re 1000 €0 1811 H/MIN
3is 4 ‘ON s 4 "ON Sis 1 ‘ON Sis 4 ‘ON
Pig puz i8] nv

(12150W1n) voneiIsany

sidwes ayi ut (Qy]) 2oudsJwNdI wik 3| pue (H) W3y (M) S *ofe usamiaq diysuonedy ‘7 dlqelL



Pregnancy weight and weight gain surrogates 159

Prediction of weight from LAC

A fairly strong relationship was demonstrated
between LAC and MW. The cut-off for MW
was set at three different levels — 45, 50 and 55
kg. A previous study on non-pregnant women
gave a regression equation for LAC as 119.60 +
0.253 (MW), which gave an LAC of about 23
cm for MW cut-off at 45 kg. The LAC 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 are
shown in Tables 3-5. When the MW cut-off was
chosen at 45 kg, LAC cut-off at 23 ¢cm seemed
optimum, especially in the first trimester, with
sensitivities ranging from 80 to 100% and
positive predictive values ranging from 50.0%
10 66.7% . the predictive positivity being best on
primigravidas (Table 3).

At 50 kg cut-off for MW, the optimum cut-off
for LAC appears to be at 24 cm. The sensitivi-
ties ranged from 46.1% to 100%. and positive
predictive values from 21.9% to 66.7%. Again,
this cut-off seemed to be of best use in the first
trimester. The sensitivity drops from 100% in

primigravidas to 65% in multigravidas, but the
positive predictive values double from 33.3%
t0 66.7% (Table 4). LAC cut-offs of 25 cm and
26 cm raise the sensitivities, but concurrently,
the predictive positive values decrease.

At 55 kg cut-off for MW (Table 5), the LAC
cut-off seems optimum at 25 cm. The sensitivi-
ties ranged from 58.3% to 83.3% with positive
predictive values of 23.1-77.8%. Again, use in
the first trimester seems to yield the best
compromise between sensitivity and positive
predictive values, and the sensitivities scem
better with primigravidas than multigravidas.

Use of LAC for weight monutoring

Of the cohort of 200 women who were followed
from the first trimester and early second tnmes-
ter to delivery, 171 records were found suitable
for analysis. From these. the wereht changes
and corresponding _rm arcumf{=-cnce changes
were calculated. Correlation cozitciznts be-
tween weight changes and anm orce - ferencc

Table 3. Test sensitivitics (%) and positive predictive values (%) using cat-ctl ‘or wei S Vel teftarm
circumfereace (LAC)
LAC (cm)
<23 <24 <25 < 26
Pred Pred Pred Pred
Gestation (trimester) Sens pos Sens pos Sens pos Sens pos
Whole sample
All 85.7 17.1 85.7 6.5 85.7 3.0 100 22
Ist 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 6.3 100 4.2 100 29
Ist 100 66.7 100 333 100 20.0 100 143
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
Ist 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 sensitivitics (%) and positive predictive values (%) using cut-off for weight
circumference (LAC)

A. A. Olukoya and O. F. Giwa-Osagie

50 kg by left arm

LAC (cm)
<23 <24 =25 < 26
Pred Pred Pred Pred
Gestation (trimester) Sens pos Sens pos Sens pos Sens pos
Whole sample
All 31.3 429 60.4 31.2 79.2 18.8 91.7 31.2
Ist 259 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 50 333 87.5 219 87.5 14.6 87.5 10.0
Ist 100 66.7 100.0 33.3 100.0 20.0 100.0 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
Multigravidas
All 23.7 2.9 52.6 37.0 76.3 20.6 92.1 14.2
Ist 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; Pred 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 (e¢m)
<23 <24 <25 < 26
Pred Pred Pred Pred
Gestation (trimester) Sens pos Sens pos Sens pos Scns pos
Whole sample
All 19.2 82.9 40.4 65.6 64.2 48.0 78.8 35.7
Ist 15.3 100.0 33.3 88.9 58.3 76.4 76.4 59.8
2nd 16.3 88.9 429 67.7 67.3 43.4 81.6 33.1
3rd 38.9 58.3 61.1 42.3 77.8 255 88.9 16.2
Primigravidas
All 333 83.3 63.3 59.4 76.7 479 80.0 34.3
Ist 333 100 44.4 66.7 66.7 60.0 60.7 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 3103 83.3 238
Multigravidas
All 14.9 81.0 34.2 722 59.6 48.2 78.1 36.0
Ist 12.7 100.0 31.7 57.1 80.0 77.8 77.8 62.8
2nd 143 83.3 343 66.7 62.9 40.0 80.0 304
3rd 33.3 57.1 58.3 46.7 75.0 23.1 91.7 15.4
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changes were also calculated. The results
showed no significant correlation between
weight change and arm circumference changes.

Discussion

It is generally assumed that gestational weight
gain has four main components: laying down of
fat stores. growth of breast and uterine tissue,
increased plasma volume, and growth of the
foetus, placenta and amniotic fluid [16]. Weight
gain can thus be expected to increase subcuta-
neous fat and, therefore. arm circumference.

This study showed a fairly high correlation
coefficient between LAC and MW. Coefficients
were in the range of 0.74-0.83 and significant at
P < 0.001 (Table 2). The coefficients decreased
from the first to the third trimester, probably
due to increases in weight in other organs that
do not lead to increase in subcutancous fat.
Also. itis generally believed that the baby gains
the most weight during the third trimester, and
it can be assumed that maternal subcutaneous
fat decreases during the third trimester (contri-
buting to the increase in the baby's weight) in
the presence of total gross body weight gain.
This is supported by another study which
showed that women gained subscapular fat
during the first two trimesters and lost fat in the
last trimester [11].

Whilst it is generally assumed that a pregnant
woman should gain some weight during
pregnancy, consensus has not been reached on
the amount of weight, although a report stated
a relative risk for intra-uterine growth retarda-
tion of 1.98 for gestational weight gains of less
than 7 kg [10]. Using the WHO standard of
weight (in non-pregnant women) of less than
45 kg as underweight [17], it can be assumed
that a weight in the third trimester of 50 kg or
less is underweight. Pregnancy weight cut-offs
were chosen at 45, 50 and 55 kg. The corres-
ponding sensitivities and predictive positive
values are shown in Tables 3-5. The specificity
for the method was high, ranging up to 99.4%.

It would appear that, in general, 23 cm would
be a good cut-off to detect women whose
weights are less than 45 kg during the first
trimester of pregnancy. This would yield at the
worst 80% sensitivity — that is, 20% of cases
will be missed, and predictive positive value of
50% — that is, every other woman testing

positive will be a false positive. There would be
more false positives among multigravidas. This
might not be entirely undesirable as multigravi-
das are more likely to take things for granted,
based on ‘previous experience’, especially in
this environment, and it would be good to
identify those at possible risk for better care.
On the other hand, the better sensitivities and
predictive positive values amongst primigravi-
das would lcad to better screening among this
group during a pregnancy normally considered
as ‘high risk’.

For the second trimester, the weight cut-off
ideally should be 50 kg. The optimum LAC cut-
off for this appears to be 24 cm; with this, at the
worst, about 50% of the women will be missed,
and two out of every three women screening
positive could be false positives. This may not
be a cost too high for the individual and the
community to bear, as there would still be time
for the woman to increase her nutritional intake
and adopt other appropriate measures to im-
prove on her perinatal outcome. It would
appear that for the 3rd trimester, LAC of 25 cm
would miss 25% of women weighing less than
55 kg, with a very low positive predictive value
These values should of course bs scen in the
context of th. health care dilivervy system
Where supervinion of lower cadie workers is
zood, there would rot be a gmeat ov~i for being
a false positive, since the supen inor can provade
prompt back-up and reassurance where appre-
priate. Where supervision is not so good, a tap
to the ncarest health centre for palpation,
weighing and other antenatal care scrvices
would in any case be beneficial to the woman,
and is better than no service at all.

Monitoring of weight gain using the arm
circumference does not appear very promising
in this study. The corrclations between weight
changes and LAC changes were very poor and
insignificant. The digital preference for the arm
circumference was 49%; that is, there was a
strong tendency to recording of lengths in
whole centimetres. This could make the LAC
even less sensitive for detecting changes in
weight. Besides, changes in weight do not all
result in changes in subcutaneous fat during
pregnancy. It thus seems that LAC is better for
screening than for monitoring. More field
research needs to be done on the usefnecs of
this as a screening tool in the hand
cadre health workers.
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