
6. Maternal outcomes

Assisted delivery
Definition. Any delivery which was coded (in this
study) as non-spontaneous, including caesarean sec-
tion, is an assisted delivery: this working definition
includes a range of delivery complications; pro-
longed labour was considered for inclusion but
eventually discarded since few studies had explicitly
noted this condition.

A section summary for odds ratios is presented
in Table 16. It should be noted that ORs computed
for subgroups (i.e., mothers of low height or low
pre-pregnancy weight) are not reported for the mater-
nal outcomes since these have very poor reliability
owing to the sparse data reflecting low prevalence
rates.

The need to bring together a number of different
conditions, probably of diverse etiology, under the
broad heading of 'assisted delivery' was dictated by
a combination of low prevalence within studies and
fewer studies reporting uniformly on relevant infor-
mation. While all data sets had information on LBW
and 24 out of 25 had information on IUGR, only 14
included an indicator of delivery status (see Table 8,
Chapter 3, page 16). As far as possible (with the
original data in hand), precautions were taken to
ensure that this variable was equivalently defined
across studies. This resulted in a reported range of
2% to 27% in the frequency of assisted delivery.

While combining delivery outcomes in this man-
ner increases the available data for analysis, it might
also dilute the effect being measured. For example,
there is a recognized relationship between maternal
height and the risk of cephalo-pelvic disproportion
(CPD)a (20-22), and this could be extended to pre-
pregnancy weight since maternal height and weight
are correlated (1). Yet interventions can and do occur
for other reasons, some of which may not depend on
maternal nutritional status, and the strength of the
relationship with anthropometry would be corre-
spondingly decreased. Whether for this or other rea-
sons, the summary (Table 16) suggests that only
maternal height is predictive of a risk of assisted
delivery.

a Low maternal height may reflect early constraints on growth
for the mother; this in turn can lead to poor pelvic development
as the woman matures. If subsequent pre-pregnancy nutritional
status is adequate and the fetus is growing normally during
pregnancy, then the infant may grow too large for a normal
delivery and intervention will be necessary.

Table 16: Summary of the combined odds ratios for
each Indicator. ORs refer to the relative risk for assisted
delivery for the lower quartile versus the upper quartile of
the indicator's distribution.

Odds ratio for
Indicator assisted delivery

Maternal height 1.6a
Mid-upper-arm circumference 0.8
Pre-pregnancy weight 1.0
Attained weight by month 5 1.0
Attained weight by month 7 0.9
Attained weight by month 9 0.8

Pre-pregnancy BMI 0.7
BMI month 5 0.7
BMI month 7 0.6
BMI month 9 0.7
Weight gain:
Pre-pregnancy to month 5 1.0
Pre-pregnancy to month 7 0.7
Pre-pregnancy to month 9 0.7
Month 5 to month 7 0.7
Month 5 to month 9 0.8
Month 7 to month 9 0.9

a Highest OR for this indicator.

The combined mean OR for height is 1.6, with a
95% confidence interval of 1.5-1.7. Most indicators
have estimated combined odds ratios below 1, and
several have confidence intervals between 0 and 1.
For example, pre-pregnancy BMI and BMI attained
by months 5, 7, and 9 have upper 95% CIs of 0.8 or
lower. This implies that a low BMI relative to a high
BMI is associated with a reduction in risk for this
outcome. Considering the CPD component, this is
plausible in so far as a low BMI indicates a thin
mother, probably with limited calorie intake, for
whom fetal growth is likely to be constrained, thus
reducing the likelihood of an assisted delivery. The
pregnancy weight gain indicators lend support to
this, in that most have ORs and confidence intervals
below 1 (namely, pre-pregnancy to months 5 and 7,
and gain during months 5 to 7).

Maternal height. Fig. 15 shows the profile for com-
bined OR for matemal height.

Height is the only anthropometric indicator that
indicates a small but significant relative risk for
assisted delivery. The spread of the curve is narrow
with confidence intervals of 1.5-1.7, indicating a
high degree of consistency across studies for this
indicator.
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Maternal outcomes

Fig. 15. The combined OR profiles for maternal height
and assisted delivery Is shown. Mean (with 95% confi-
dence interval) is estimated as: HT: 1.6 (1.5-1.7). The OR
is for height below the lowest quartile versus height above
the highest quartile.
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Body mass index. It will be observed (Fig. 16) that
mean ORs for these indicators cluster between 0.6
and 0.75, with all 95% confidence intervals below
1.0. In the context of this analysis, there is a statisti-
cal association between low BMI pre-pregnancy and
during pregnancy and a lower-than-average relative
risk of assisted delivery. This finding may be of
importance in the context of "eating down" during
pregnancy to avoid the hazard of difficult labour (23,
24).

Fig. 16. The combined OR profiles for attained BMI indi-
cators and assisted delivery are shown. Means (with
95% confidence interval) are estimated as: BMlpp: 0.78
(0.6-0.8); BMI/5: 0.74 (0.6-0.8); BMI/7: 0.6 (0.5-0.7); and
BMI/9: 0.7 (0.6-0.8). The ORs are for BMI below the lowest
quartile versus BMI above the highest quartile.
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Fig. 17. Ranges in computed sensitivity (left side) and
specificity (right side) across all relevant data sets for all
indicators for assisted delivery. The indicators are number-
ed 1 to 16 and follow the sequence shown in Table 17.
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Sensitivity and specificity
Several indicators have study sensitivity values
below 0.05, e.g., HT (number 1), WTg/5-7 (number
7), and WTg/5-9 (number 8); while two have maxi-
mum sensitivities above 0.6 - WT/5 (number 3)
and BMI/5 (number 14) (Fig. 17). The across-study
Se spread among the latter as well as for maternal
height (number 1) is very pronounced. This is due to
a single study result in which the Se estimates are
computed from very small numbers and hence are
very suspect.b Minimum spread was observed for
WT/pp-9 (number 12) although the magnitudes are
modest, stopping short of the cut-off point of 0.3.
Comparatively few indicator/study sensitivities exceed
the cut-off level. The majority of indicator/study
specificities reached the 0.7 cut-off point.

Table 17 presents information on the perfor-
mance of all indicators in respect of their sensitiv-
ity/specificity and acceptability for use as a screen-
ing tool.

It will be seen that no indict tor met the test cri-
teria in the requisite number of data sets for assisted
delivery. Maternal height is predictive of elevated
risk for this outcome (OR, 1.6; 95% CI, 1.5-1.7) but
met the test criterion in only 38% of the 13 data sets,
just failing to meet the minimum requirement of
40%. Indicators apparently predictive of reduced risk
(e.g., BMI) achieved the Se/Sp criterion in only 10%
of data sets (1/10) and therefore cannot be consid-

b This arises for outcomes that are relatively rare (e.g., maternal
outcomes) in certain data sets, coupled with very small numbers
for the given indicator. Hence, a single study result can exagge-
rate the range of Se or Sp.
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Chapter 6

Table 17: Performance of indicators for assisted delivery

Assisted delivery

Indicator Counta Min Sea Max Sea

1. Maternal height 5/13 0.30 0.52
2. Pre-pregnancy weight 3/10 0.30 0.42
3. Attained weight by month 5 2/11 0.38 0.67
4. Attained weight by month 7 2/11 0.30 0.33
5. Attained weight by month 9 1/12 0.35 0.35
6. Mid-upper-arm circumference 0/9

7. Weight gain: months 5 to 7 1/9 0.46 0.46
8. Weight gain: months 5 to 9 1/8 0.38 0.38
9. Weight gain: months 7 to 9 1/10 0.47 0.47

10. Weight gain: pp to month 5 0/9
11. Weight gain: pp to month 7 0/8
12. Weight gain: pp to month 9 0/8
13. Pre-pregnancy BMI 2/10 0.31 0.32
14. BMI month 5 1/10 0.31 0.31
15. BMI month 7 1/10 0.33 0.33
16. BMI month 9 1/10 0.32 0.32
a 'Count' gives the fraction of data sets in which the Se/Sp cri-
terion was met. The absence of an asterisk, denotes that no
indicator met this criterion (Se >0.3 and Sp >0.7) in more than
40% of the relevant studies. The observed maximum and mini-
mum sensitivities across studies that meet the Se/Sp criterion
are recorded in the final two columns.

ered reliable indicators of a lowered probability of
assisted delivery in the context of this study. It is
perhaps surprising that maternal height does not
emerge as a stronger indicator of assisted delivery,
given service experience of risk associated with low
maternal height (22). It will be recalled, however,
that odds ratios calculated in this study are estimated
on the basis of comparison of outcome frequency
between the lower and upper quartiles of the indica-
tor distribution. The 25th percentile cut-off would
contain women of low, as well as critically low
(<140 cm) stature, thus diluting the expected high
risk of cephalo-pelvic disproportion and consequent
need for assisted delivery. Analysis using upper and
lower deciles do show a more powerful predictive
capacity for maternal height.

Pre-eclampsia
Definition. No generally accepted definition for
hypertensive disorders of pregnancy exists. The
WHO Hypertensive Collaborative study recommen-
ded the following diagnostic criteria: diastolic pres-
sure >90 mmHg, proteinuria, and/or presence of oede-
ma. Only 11 data sets were analysed with respect to this
outcome-the WHO collaborative studies and the
data from Colombia, to ensure equivalent definitions.

Prevalence ranged from below 1% to 15% (see Table
8, Chapter 3, page 16). As oedema is associated with
the development of pre-eclampsia, rapid weight gain
during the latter half of pregnancy may be observed.
As such, our analysis might be expected to show a
low relative risk for those mothers with low weight
gain in mid to late pregnancy. The summary table
(Table 18) shows the range of combined ORs for
each indicator in relation to this outcome.

It is evident that none of the indicators are
strongly predictive of risk for pre-eclampsia. The
highest ORs are just above 1 and as such indicate
negligible risk. The rest of the indicators have values
below 1, including those based on late pregnancy
weight gain as predicted above. The extreme exam-
ple of this effect is weight gain from months 5 to 9,
with an OR of 0.3 and a 95% CI of 0.2-0.4, suggest-
ing that high weight gain, compared with low weight
gain, over this period is associated with a threefold
increase in the relative risk of developing pre-
eclampsia. Excluding weight indicators in pregnancy
as a whole, the ORs for maternal height, arm circum-
ference, pre-pregnancy weight and BMI all have
values of less than 1 (0.6-0.8), indicating a neutral
or marginally negative relationship to pre-eclampsia.
Evidently, poor maternal nutritional status is asso-
ciated with a reduced risk of pre-eclampsia. Scien-
tific evidence for nutritional factors in the etiology
of pre-eclampsia is, however, weak (25).

Table 18: Summary of the combined odds ratios for
each Indicator. The ORs refer to the relative risk for pre-
eclampsia for the lower quartile versus the upper quartile of
the indicator's distribution.

Odds ratio for
Indicator pre-eclampsia

Maternal height 0.8
Mid-upper-arm circumference 0.6
Pre-pregnancy weight 0.7
Attained weight by month 5
Attained weight by month 7 0.8
Attained weight by month 9 0.7

Pre-pregnancy BMI 0.7
BMI month 5 1.2
BMI month 7 0.9
BMI month 9 0.6

Weight gain:
Pre-pregnancy to month 5 1.1
Pre-pregnancy to month 7 0.8
Pre-pregnancy to month 9 0.6
Month 5 to month 7 0.7
Month 5 to month 9 0.3
Month 7 to month 9 0.6
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