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Maternal Anthropometry and Intrauterine Growth
Retardation (IUGR) - A Hospital Based Study
B DHARa, KJ HOSSAINb, MSK BHADRAc, A MOWLAHd, G MOWLAHe
Summary:
This was a prospective observational study conducted on
374 pregnant women who remained in the study beginning
from first trimester until gave birth to singleton newborn
babies selected from five maternity hospitals located at
different regions in the country over a period of thirty
months from July 2002 to December 2004. Objectives of
the study were: (1) To find out the incidence of IUGR in the
hospital based study, (2) To observe the impact of prepregnancy weight and pregnancy weight gain on IUGR,
(3) To select appropriate cut off points of pre-pregnancy
weight and pregnancy weight gain to identify women at risk
for delivering IUGR babies and (4) To observe the
association between socio-demographic factors and
maternal anthropometry.
Twenty one percent women delivered IUGR babies. Mothers
who gained <4 kg in second trimester and <5kg in third
trimester gave birth to significantly higher incidence of
IUGR babies (29.1% and 35.3% respectively) in comparison

Introduction:
The birth weight of newborn baby is probably the most
important factor that affects the future survival and
quality of life1-4. It is also a significant determinant of
post neonatal, infant and childhood mortality as well as
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to mothers gained e” 4 kg and e” 5 kg who gave birth to
14.4% and 9.3% IUGR babies (p<.001) . Maternal weight
for height in the lower range of normalcy at early pregnancy
was associated with an increased risk of IUGR when
compare to normal or over weight for height group of
mothers (30.6% vs. 9.5%; p=<.001). The study revealed
that combination of <90 percent of standard weight for
height and net weight gain per week <125gm have strong
negative influence on foetal growth (39.5% IUGR babies).
On the contrary, combination of e” 110 percent of weight
for height and weekly weight gain of e” 150 gm have
significant positive impact on foetal growth (6.7% IUGR) .
For total weight gain, best cut off point for identifying risk
women of delivering IUGR babies was recommended 8.5
kg and that for prepregnancy or first trimester weight was
47.5 kg.
Key words: Low birth weight, intrauterine growth
retardation, Anthropometry
(J Bangladesh Coll Phys Surg 2010; 28: 73-80)

morbidity4-5. For these reason, birth weight has long
been a subject of clinical epidemiological investigations
and an area of public health interest. In particular,
considerable attention has been focused on the causal
determinants of birth weight, especially of low birth
weight (LBW), for identifying the potentially modifiable
factors. Birth weight is governed by two major
processes: duration of gestation and intrauterine growth
retardation (IUGR). LBW is thus caused by either a short
gestation period or retarded intrauterine growth (or
combination of both) 6 . Most of the LBW in
industrialized countries is due to pre- term (<37 weeks
of gestation) birth, while majority of LBW in developing
countries is due to IUGR 7-8 . The concept of
classification of infants into risk groups (IUGR groups)
according to birth weight and gestational age first
emerged with the publication of intrauterine growth
standards in 19639. Since then several standards have
been published in different countries10-11.
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Premature infants and IUGR infants should be studied
as separate groups, because they show different patterns
of growth, morbidity and mortality. Infants who are
growth retarded have higher rates of long-term
developmental or physical morbidities, including growth
deficiencies. On the other hand, infants who have grown
at appropriate rates during gestation, but are born early
have higher rates of neonatal mortality and infectious
disease mortality during infancy, but if they survive,
exhibit fewer long-term developmental abnormalities1213 From a programmatic viewpoint these differences
have enormous implications for intervention strategies
and limitations of the approach of nutritional recovery
of IUGR infants in early childhood14-15.
In Bangladesh, incidence of LBW is unacceptably
high8,16-20. And majority of these LBW babies is due to
IUGR. Moreover, among normal weighing babies (e”2.5
kg) certain percentage might suffer from growth
retardation and there would also be a proportion of
infants who are both growth retarded and preterm, and
these babies would be at high risk of neonatal mortality
and subsequent developmental and physical morbidities.
If we consider these issues as well, it can easily be
assumed that incidence of growth retarded infants is
higher than LBW infants in the country. But
unfortunately, no study has yet been conducted to
identify the incidence as well as determinants of IUGR.
From many studies in developed and developing
countries it is observed that maternal nutritional factors
(as estimated from maternal anthropometry) play
significant role for the occurrence of IUGR6. Therefore,
the primary objective of the present study is to find out
the incidence of IUGR and to observe the association
between IUGR and maternal nutritional factors in terms
of maternal weight. To observe the distal or indirect
effect of socio-demographic factors on IUGR,
relationship between maternal anthropometry and sociodemographic factors is also attempted to examine.
Materials and method:
This was a prospective observational study conducted
on pregnant women beginning from first trimester until
delivery at four district level Mother and Child Welfare
Centres (MCWC) and Ad-din hospital at Dhaka to
examine the relationship between maternal modifiable
factors and intrauterine growth retardation. The four
MCWCs are located at Comilla, Pabna, Bogra and
74
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Jamalpur. These are government maternity hospitals.
Comprehensive essential obstetric care (EOC) services
(including caesarian section and blood transfusion) are
provided from these centers since 1995. There are 98
such centers in the country, out of which 63 centres are
located at district head quarter. Doctors and paramedics
are well trained from medical college hospitals.
Sophisticated equipments are provided in each center
by UNFPA. Record keeping system is unique in these
centres. Anthropometric measurements are taken
correctly. As these centers are located at district head
quarter, urban, periurban as well as rural women have
the scope to enjoy the facilities of these centers. To
ensure quality data, the investigators decided to collect
data from such four centers. Four centers were selected
randomly. In addition to government facilities at district
level, investigators also selected a similar nongovernment hospital at Dhaka metropolitan city. This
is Ad-din hospital, a specialized maternity hospital
located at the centre of the city (Mag bazaar area).
Obstetric services are provided by specialist doctors.
All relevant maternal information is properly recorded
in this institute. As the hospital is not an expensive one,
in addition to socio-economically better off women,
large number of middle and lower class pregnant women
also usually attend this hospital for antenatal care and
delivery service.
Data were collected over a period of 30 months from
July 2002 to December 2004.
Pregnant women who attended selected MCWCs and
Ad-din hospital for ante natal care from first trimester
of pregnancy (at or before 12 weeks of gestation),
comprised the study population. Among the study
population who joined the study from the early stage of
pregnancy, also attended the centres at mid pregnancy
(20 to 24 weeks of pregnancy) and finally gave birth to
normal singleton baby in these centres were the study
subjects of the study. A total of 2055 pregnant women
were booked initially at the early stage of pregnancy
but at the final stage of data colection, three hundred
and seventy four women delivered singleton live birth
newborns in the selected service centres and these 374
mothers and their newborns were taken as the study
subjects. Subjects who gave birth to still born babies
,multiple pregnancies and pregnant women who had any
medical complication (e.g. diabetes mellitus, high blood
pressure, heart disease, chronic lung disease, jaundice

Maternal Anthropometry and Intrauterine Growth Retardation (IUGR)

and other debilitating diseases) were excluded from the
study.
Intrauterine growth retarded newborns were classified
according to weight for gestational age standards
developed by Lubchenco et al9. Thus, 295 (79 percent)
babies were found non- growth retarted or normal and
79 (21 percent) were found growth retarded.
Data were collected through interviews by paramedics
under direct supervision and monitoring of doctors of
the centres. Initially investigator (first author) visited
all the centres and trained the doctors and paramedics
of the centres about data collection technique. The
subjects were informed about the nature of the study
and consent was taken from them. Information about
certain socio-demographic characteristics (age,
education, monthly family income and occupation) and
anthropometric measures were recorded through the
structured questionnaire. To ensure quality data
collection, the investigators visited each centre at two
weeks interval and checked each and every filled up
questionnaire. Any inconsistency which was identified
either was discarded or if practicable, corrected. Thus
no inappropriate data was included in the sample.
Though information on socio-demographic
characteristics was recorded, these variables were not
used in the analyses to examine their relationship with
IUGR. However, effort was under taken to examine the
association between socio-demographic variables and
maternal anthropometry in order to identify whether
there is any indirect relationship existing between these
variables and intrauterine growth.
Mothers’ and babies’ anthropometric parameters were
recorded according to standardized techniques as
described by Jellife and Jellife21. Mothers’ weight
measurements were undertaken at booking time (at or
before 12 weeks of gestation), at second trimester (2024 weeks of gestation) and at term (before delivery).
Body Mass Index (BMI) was calculated from weight
and height. Immediate post partum weight of the women
and anthropometric measurements of newborns (weight,
head circumference, chest circumference and crown heel
length) were recorded just after their birth. We identified
total weight gain, second and third trimester weight gains
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to observe their effect on foetal growth. Like many other
authors, weight at booking time was treated as
prepregnancy weight. Percent of standard weight for
height was calculated to assess the incidence of IUGR
across various weight for height groups. We also
emphasized to examine the association between net rate
of maternal weight gain (instead of overall rate of weight
gain) and intrauterine growth. Since weight gains are
generally far smaller in the first than in the second and
third trimesters, women with preterm deliveries will have
had a lower overall rate of gain, on average than those
delivered at term. Moreover, foetal weight increases
exponentially, with highest gains in the third trimester,
while the overall rate of maternal weight gain is fairly
constant after the first trimester. Thus, with advancing
gestation, the portion of overall gain attributable to
maternal tissues and nutritional stores diminishes to that
of increased foetal size. Associations between overall
rate of weight gain and birth weight may therefore,
reflect the effect of foetal growth, rather than maternal
nutrition per se. Thus, it is logical to examine the
relationship between net rate of weight gain and
intrauterine growth. Net weight gain was calculated by
subtracting immediate post partum weight from term
weight and net rate of weight gain was calculated by
dividing net weight gain by gestational age. We defined
low net rate of weight gain as <125 gm/ week and normal
as e”150gm/week. Besides we also defined low and
normal net weight gains as < 4kg as e”4 kg. BMI was
also categorized as low (<20) and normal (e” 20).
Data were analyzed using SPSS software (11.5 version).
Chi-square test was carried to compare the differences
in proportions. Sensitivity and specificity analysis was
under taken to select appropriate cut off points of
maternal weight gain and minimum prepregnancy
weight for identifying risk women of delivering IUGR
babies.
This study has certain limitations like many other
studies. This is a hospital based study, so the findings
of the present study can not be generalized. Another
limitation of the study is that, those who did not
participate or loss to follow up after initial booking,
their pregnancy outcomes could not be compared with
75
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those who completed their participation in the study.
Thus, this non- participation group or loss to follow up
group whether underestimated or overestimated the
study result could not be ascertained. This study also
did not include the elate group of women who usually
give birth to their newborns at most modern and
expensive hospitals and clinics. However, most of this
elite group of women is most likely give birth to nongrowth retarded babies; their absence from the study is
not a major concern. Finally, no supplementation was
given to the women to investigate the effect of qualitative
and quantitative effect of food supplementation on
pregnancy outcome. Therefore, inference cannot be
drawn from this study about what type and what quantity
of food supplementation is needed for the individual
subject.
Results:
Low maternal weight gain both in second and third
trimesters (<4kg vs. e” 4kg and <5kg vs. e” 5kg
respectively for second and third trimesters) had
significant effect (p<.001) on the prevalence of IUGR
(TablesI&II). Influence of percent of standard weight
for height both at first and third trimesters (at term) on
IUGR was examined and presented in tables III and IV.
It is observed that those mothers who were at < 90
percent of standard weight for height at first trimester
gave birth to 30.6 percent IUGR babies and those who
were e” 110 percent of standard weight for height at the
beginning of pregnancy delivered only 9.5 percent of
IUGR babies. Similarly, at term who attained <100
percent of standard weight for height delivered 29.6
percent of IUGR babies and who attained e” 110 percent
of standard weight for height gave birth to only 6 percent
IUGR babies(p<.001).
Table-I
Maternal weight change between 1st and 2nd
trimesters and incidence of IUGR
Weight change
between 1st and
2nd trimester
< 4kg
e” 4kg

No. of
cases

172
202

Non-IUGR and
IUGR babies
Non-IUGR
%
70.9
85.6

χ2 -12.0, (df- 1, p<. 001)

76

IUGR
%
29.1
14.4

Table-II
Maternal weight change between 2nd and 3rd
trimesters and incidence of IUGR
Weight change
between 2nd and
3rd trimester

Non-IUGR and
IUGR babies

No. of
cases

<5kg
e”5kg

Non-IUGR
%

IUGR
%

64.7
90.7

35.3
9.3

170
204

χ2 -35.5, (df- 1, p<. 001)

Table-III
Influence of maternal weight for height early in
pregnancy (up to 12 weeks of gestation) on IUGR
Maternal weight
No of
for height in early
cases
pregnancy (percent)
<90
90-99
100-109
e”110

Non-IUGR and
IUGR babies
Non-IUGR
IUGR
%
%

134
99
66
74

69.4
76.8
87.9
90.5

30.6
23.2
12.1
9.5

χ2 -16.7, (df- 3, p<. 001)

Table-IV
Influence of maternal weight for height at term on
IUGR babies
Maternal weight
for height at term
(percent)
<100
100-<110
e”110

No of
cases

223
83
67

Non-IUGR and
IUGR babies
Non-IUGR
IUGR
%
%
70.4
29.6
89.2
10.8
94.0
6.0

χ2 -24.0, (df-2, p<. 001)

Table V demonstrated that mothers whose net weight
gain was < 125gm per week delivered 27.4 percent
IUGR babies and those who gained e” 150 kg per week
gave birth to 11.8 percent IUGR babies(p=<.005).
From the tables, so far presented it is revealed that
maternal weight gain and first trimester weight status
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(proxy of prepregnancy weight) have clear positive
significant influence on foetal growth.
Table-V
Gestational net weight gain per week and its
influence on IUGR.
Gestational weight
gain per week (gm)

No of
cases

<125
125-<150
e”150

215
74
85

Non-IUGR and
IUGR babies
Non-IUGR
IUGR
%
%
72.6
27.4
86.5
13.5
88.2
11.8

χ2 -12.2, (df- 2, p<. 005)

Table VI explains the combination effect of maternal net
rate of weight gain and percent of standard weight for
height at early pregnancy on intrauterine growth. It is
revealed that women who had initial weight for height
less than 90 percent of standard and net weight gain was
also less than 125gm per week gave birth to more than
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39 percent IUGR babies. On the other hand, whose initial
weight for height was e”110 percent and rate of weight
gain less than 125 gm delivered 14 percent IUGR babies.
Again, when initial weight was below 90 percent but rate
of weight gain was either equal to or above 150 gm per
week delivered 18.5 percent IUGR babies. Women with
e”110 percent of weight for height who also gained e”
150 gm per week delivered only 6.7 percent IUGR babies.
When it is established that maternal prepregnancy
weight and weight gain during pregnancy are the two
most important determinants of IUGR, then another task
is to find out the appropriate cut off points for
prepregnancy weight and weight gain during pregnancy
to identifying risk women for delivering IUGR babies.
From sensitivity and specificity analysis it is observed that,
for predicting risk women of delivering IUGR babies the
best cut off points for total weight gain and prepregnancy
weight should be 8.5 kg and 47.5 kg respectively (table VII).
What relationship does exist between maternal
anthropometry and socio demographic factors is
presented in table VIII. It is obvious from the study that,
socio-demographically better off women had higher
mean anthropometric values for weight, height and BMI.

Table-VI
Incidence of IUGR by initial weight for height and weight gain per week.
Initial weight for
height (percent)

No of
cases

Weight gain per week (gm)
<125

<90
90-99
100-109
>110

134
99
66
74

Non-IUGR (%)
60.5
72.0
85.7
86.0

>150

125-<150
IUGR (%)
39.5
28.0
14.3
14.0

Non-IUGR (%)
90.5
70.0
88.2
100.0

IUGR (%)
9.5
30.0
11.8
0.0

Non-IUGR (%)
81.5
89.7
92.9
93.3

IUGR (%)
18.5
10.3
7.1
6.7

Table-VII
Sensitivity and specificity analysis for selection of cut off points of total weight gain and
prepregnancy weight for IUGR.
Total weight gain (gm)

Sensitivity

Specificity

Negative
predictive
value
88.3
89.8
89.8

Odds ratio

76.9
63.0
56.6

Positive
predictive
value
41.8
34.7
31.9

5.4
4.7
4.1

95%
confidence
interval
3.1-9.5
2.6-8.6
2.3-7.6

<8000
<8500
<9000
First trimester weight
<45
<47.5
<50

62.0
73.4
75.9
58.2
76.0
84.8

61.3
51.2
44.4

28.7
29.4
29.0

84.5
88.8
91.6

2.2
3.3
4.4

1.3-3.8
1.8-6.1
2.2-9.4
77
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Table-VIII
Mean anthropometric values for different levels of
socio-demographic characteristics of mothers.
Variables

Mothers’ age
<20
20-24
25-29
e” 30
Education
none
Primary
Secondary
incomplete
Secondary
complete or more
Income
<=3000/3000-6000/6000-9000/>9000/Family size
2
3-4
5-6
>7
Occupation
Labour
Business
Service

First
First
trimester
trimester
weight (kg) BMI (unit)

Height
(cm)

44.3
46.7
48.8
50.1

19.7
20.3
21.1
21.5

149.9
151.7
152.0
152.4

41.2
44.1
46.2

19.2
19.6
20.1

147.7
149.9
151.3

49.4

21.2

152.6

44.6
46.5
47.5
49.9

19.6
20.3
20.6
21.3

150.5
151.1
151.7
152.9

48.5
48.3
46.6
46.9

21.3
20.9
20.2
20.2

150.5
152.0
151.7
151.9

44.3
48.3
47.7

19.6
20.7
20.7

150.0
152.3
151.8

Discussion:
Our study findings demonstrated that low maternal
weight gain increases the risk of IUGR. Many other more
or less similar studies also revealed the fact that, low
total weight gain, low trimester weight gain, Low BMI,
low weight for height increases the risk of IUGR and
low birth weight. Smith reported that maternal starvation
during the last two trimesters of pregnancy decreases
average birth weight by 240gm; however the women he
studied were exposed to severe famine22. We have
observed in our study that, low weight gain in second
trimester (<4kg) was associated with approximately
double the risk of intrauterine growth retardation and
78
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four times the risk with low weight gain (<5kg) in third
trimester. Reason for considering low weight as < 4kg
and <5kg is that mean weight gain in our study at second
and third trimesters were found to be about 4kg and
5kg respectively. Strauss R.S. and Diet W.H. in their
study considered low weight gain as <0.3kg per week
both for second and third trimester, and observed
approximately double the risk of IUGR with low weight
gain 23. Abram and Selvin demonstrated that low
maternal weight gain (<5.7kg) was associated with
decreased birth weights ranging from 48 to 248gm
depending on the pattern of weight gain in other
trimesters24. Other two studies also confirmed that low
prenatal weight gain significantly decreased the birth
weight and increased the number of infants born with
growth retardation25&26.
Besides impact of weight gain on foetal growth, we also
evaluated the influence of various combinations of
weight gain and initial percent of standard weight for
height on intrauterine growth. Weight gain was
expressed as net rate of weight gain. The study revealed
that combination of lowest weight gain (<125gm per
week) and lowest percent of standard weight for height
(<90 percent) responsible for highest risk (39.5 percent)
of giving birth to growth retarded babies. On the
contrary, women who gained 125 - <150gm per week
and also had e”110 percent of standard weight for height
delivered not a single IUGR babies (Table VI). In
column 6 of table VI incidence of IUGR was found to
be 0.0 at initial weight for height e” 110 and weight
gain per week of 125<150gm, but reduction of
incidence of IUGR in column 6 is inconsistence across
the percent of initial weight for height. On the other
hand in column 8 of the table it is revealed that there
is gradual decrease of incidence of IUGR for mothers
( who gained e” 150gm) whose initial weight for height
gradually increases from <90 percent to e” 110 percent.
Therefore, we concluded that mothers whose weight
gain was e” 150gm per week and initial weight for
height was e” 110 are the least risk group for giving
birth to IUGR babies.
From the table we also observed that, women who
began pregnancy with low weight for height (<90
percent) but weight gain was e”150gm per week and
women who gained weight as <125gm per week but
initial weight for height was above 110 percent had
intermediate risk for giving birth to IUGR babies. This
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important finding strongly supports the supposition of
Garn that prepregnancy weight for height and pregnancy
weight gain are independent and completely additive
(and subtractive) in their effect on intrauterine growth27.
Thus, it can reasonably be argued that low prepregnancy
weight and low weight gain combinly seriously affect
the foetal growth.
After establishing the role of weight gain and
prepregnancy weight on IUGR, we attempted to find
out the appropriate cut off points of weight gain and
prepregnancy weight for identifying risk women who
will most likely deliver IUGR babies. Sensitivity and
specificity analysis was carried out to select appropriate
cut off points. Sensitivity is defined as the ability to
identify correctly individuals who have a specific
condition, while specificity is defined as the ability to
correctly predict individuals who do not have a specific
condition. In table VII, three cut off points (8000, 8500
and 9000 g) of total weight gain was chosen to
recommend the best total weight gain for prediction of
IUGR babies in our country. At a cut off point of 8 kgweight gain, among 79 IUGR babies, 49 can be
identified. When the cut off point is raised to 8.5 kg, 58
cases of IUGR babies were identified; again at a cut off
point of 9 kg the number is raised to 60. One should
select such a cut off point for any indicator that identifies
maximum number of the cases that one needs to identify.
At the same time number of false positive cases should
also be minimum so that overburden to the programme
can be avoided. Taking in to consideration all these
points we recommend a cut off point of 8.5 kg for weight
gain below which a significant number of women are at
risk of giving birth to IUGR babies. Similarly, for
prepregnancy weight from the study finding, we
recommend that a woman should be considered at risk
for giving birth to IUGR babies when her prepregnancy
weight was found to be less than 47.5 kg.
Anthropometric indicators are diagnostic or reflective
indicators identify women with nutritional problems, but
donot reveal the underlying cause or determinant of the
problem or the best interventions to solve the problem.
Therefore, we also attempted to examine the relationship
between maternal anthropometry and sociodemographic
factors to suggest appropriate intervention strategies for
reducing incidence of IUGR and LBW. From table VIII, it
is revealed that mothers of low socio-economic group
(younger age, low income, no or minimum education,
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labourer group of husbands) have low mean anthropometric
values for weight, height, and BMI. This finding leads us
to think that though anthropometric indicators, particularly
prepregnancy weight and pregnancy weight gain are the
two most important determinants of pregnancy outcomes;
these are only the proximal causes of the problem. The
more distal, i.e. the underlying and basic causes in
Bangladesh like other developing countries are the sociodemographic factors which include maternal age, house
hold food insecurity, lack of maternal care, lack of access
to quality antenatal and other health services, improper
sanitation and hygiene, lack of education, gender
discrimination etc. To improve the pregnancy outcomes in
respect to both mother and baby the above mentioned basic
causes should be addressed properly.
Conclusion:
To reduce the incidence of IUGR, short-term strategy
should be towards the improvement of nutritional status
of women before pregnancy or during pregnancy by
providing adequate food supplementation and antenatal
care services. It is recommended that for favourable
pregnancy outcome, minimum prepregnancy or first
trimester weight should be 47.5 kg and minimum total
pregnancy weight gain should be 8.5 kg. The more
important one is to uplift the socio-economic condition
and socio-demographic characteristics of mass
population particularly of women of reproductive age
through multisectoral developmental approach for a
sustainable improvement of maternal health and
nutritional status through which incidence of IUGR can
be reduced significantly.
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