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The Mediating Effect of Maternal Nutrition Knowledge on the
Association between Maternal Schooling and Child Nutritional
Status in Lesotho

Marie T, Ruel,' Jean-Pierre Habicht.? Per Pinstrup-Andersen,? and Yrj6 Grohn*

The present study tested whether maternal nutrition knowledge was a mediating
factor in the association between maternal schooling and child nutritional status, and
whether the mechanism involved differed according to socioeconomic status. The data
were collected in Lesotho on 921 mother~child pairs and included scores from a
nutrition knowledge test, socioeconomic and demographic information, and the child's
anthropometric data. A wealth factor derived from a factor analysis was used to stratify
the sample into two socioeconomic groups.. Two-stage least-squares estimation was
used lo test the mediating role of nutrition knowledge between maternal schooling and
child ‘~veight-for-age. Results showed that both the importance of maternal schooling
and the mechanism by which it affects the child's weight-for-age are contingent upon
the family's socioeconomic status. While maternal schooling was positively associated
with weight-for-age for both wealthier and poorer households, the size of the effect
was much larger for the latter group. The effect of maternal schooling on weight-for-
age was mediated by the mother’'s nutrition knowledge only among wealthier house-
holds. These resuits imply that, in Lesotho, nutrition education for mothers could
contr.bute to improving children’s growth, but only in households that have access to
a mirimum level of resources. For poorer househalds, nutrition education would not be

suffic’ant. Am J Epidemiol 1992;135:904-14.

educational status; health education; nutritional status; socioeconomic factors

Maternal schooling has been consistently
associated with positive child health out-
comes in developing countries, be it through
decreased raortality (1-4), decreased mor-
bidity {5-8). or improved nutritional status
(9-15). The mechanisms by which maternal

schooling affects child health and nutritional
status. however. are still poorly understood
(1. 16). Various hypothctical pathways have
been proposed (4, 10. 17, 18). although little
rescarch has been done to test these
hypotheses. A recent study done in the Phil-
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ippines (8) identified various health- and
nutrition-related behaviors through which
matcrnal schooling affects the prevalence of
diarrhea in 6-month-old children. Sociocco-
nomic factors were controlled for in the
analyses. thereby reducing the possibility
that maternal schooling acted as a proxy lor
sociocconomic status. Other studics have
also shown that alter income was controlled
for by multivariatc analysis. maternal
schooling was of greater importance and
statistical significance than the income ef-
fects (10. 1, 19=21),

The present study tested whether greater
knowledge of nutrition is one possible mech-
anism by which maternal schooling may
affect child nutritional status. independent
of socioeconomic fictors. This mechanism
is suggested by the empirical evidence of an
association between maternal schooling and
nutrition knowledge in this population (22
and in others (23-27).

A related issuc that has received little at-
tention to date and that was also tested in
the present study is the potential interaction
between maternal schooling and socioeco-
nomic factors. Two studies from developing
countries have examined this question and
have shown that the magnitude of the im-
pact of maternal schooling on child nutri-
tional status ditTers markedly between socio-
cconomic groups (12. 28). In both studies.
the stronger associc.lion between maternal
schooling and chila nutritional status was
found in houscholds whose income was
above a ccrtain minimum threshold, Below
this point. maternal schooling had little ef-
fect. probably because of the overwhelming
constraint on resourccs.

The objectives of the present study were
twofold: 1) to ascertain whether maternal
schooling is arn important dcterminant of
child growth in rural Lesotho. aftcr control-
ling for other socioeconomic factors, and
whether this cffect is mediated by maternal
nutrition knowledge; and 2) to determine
whether maternal schooling is equally im-
poriant for poorer and wealthier Basotho
houscholds and if the cffect is mediated by
nutrition knowledge in both groups. Figure

[ illustrates the hypothesized mechanisms
that were tested.

MATERIALS AND METHODS
Study sample and data used

The data were collected in 1985~1986 in
Lesotho. a small, mountainous country sur-
rounded by the Republic of South Aflrica.
Lesotho is a poor country with a population
of 1.7 million.- In 1986. its gross national
product per capita was US$370. infant mor-
tality ranged from 103 to 122 per thousand
live births. and life expectancy was 57 years
(29). Lesotho is ecconomically highly depen-
dent on the Republic of South Africa: about
40 percent of its male labor force carns
income from working in the mincs and in
other industries in the Republic of South
Africa, and their remittances constitute
about 52 percent of Lesotho’s gross national
product {30).

A sample of 921 mothers and their young-
est child (0-24 months old) from nine pri-
maryv health care clinics of rural Lesotho was
included in the study (31). Clinics were cho-
scn on the basis ol their accessibility by road
and their high attendance rates. All mothers
who had a child 24 months of age or vounger
and who attended the clinics during the 9-
month enrollment period were included in
the study. A summary of the socioeconomic
and demographic characteristics of the sam-
ple is presented in table 1.

The child’s weight and length were mea-
sured and the mother’s nutrition knowledgc
was tested. Nutrition knowledge was defined
in a wide sense to include knowledge of
breast-feeding, timing of introduction of
foods into the child’s diet. usc of oral rchy-
dration salts. and withholding of food during
episodes of diarrhea (22). A nutrition knowl-
cdge score was derived by giving one point
for each correct answer and zcro for an
incorrect or uncertain answer (maximum
score. 50 points).

Analytical methodology

Factor analysis. Factor analysis was used
to reduce the number of socioeconomic vari-
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FIGURE 1. Hypothesized mechamisms by which maternal schooling affects child nutnitional status, Lesotho, 1985-
1986. Only the vanables available in the data set are reproduced in this figure. Airows meeting a second arrow
represent hypothesized interactions. SES, socioeconomic status.

ables to five factors: demographics, involve-
ment in agriculture (land, assets, and ani-
mals possessed), sources of income (agricul-
ture, mine work, other wage work, etc.),
wealth (housing quality, possessions, source
of water), and environmental conditions
(crowding, quantity of water used daily)
(32). Principal components was chosen for
factor extraction and the varimax (orthogo-
nal) rotation was used in the final modeling
(33).

Multivariate analysis. The overall predic-
tion equation for the child's weight, consid-
ering only the main effects, was as follows:

Weight = ao + a1 K + a2S + a;CA
+ a,C + asM + a,SES +e, (l)

where, K is maternal nutrition knowledge
(test scores); S is maternal schooling; CA is

previous clinic attendance; C is the vector of
the child’s characteristics (age and sex); A/ is
the vector of maternal characteristics (work-
ing status, parity); SES is the vector of the
five socioeconomic factors; and e is the error
term. As shown in a separate publication
(22), the prediction equation for maternal
nutrition knowledge (X) was

K=by+ b)S + b,CA + b3d + byCAsS
+ bsCAsA + bgCAsCAE + 3, (2)

where A is the age of the child (0, <6 months:
1, 6-24 months); CAsS is the interaction
between clinic attendance and schooling;
CA+A is the interaction between clinic at-
tendance and the child’s age; and CA+«CAE
is the interaction between clinic attendance
and the clinic attended.

It can be seen from these two equations
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TABLE 1. Summary of demographic and
socloeconomic characteristics of 921 Basotho
mothers: Lesotho, 1985-1986

Charactenstc Value
Demographics
Mother’s age (mean, years) 265
Parity (mean) 2.7
Household size {mean) 51
Schooling (%)
Mothers
None 33
Primary not completed 429
Primary completed 370
Higher level 167
Fathers
None 129
Primary not comp.eted 194
Primary completed 405
Higher level 27 2
Main sources of incom.e (%)
Mine remittances from the RSA* 727
Agniculture 51
Other socioeconomic characteristics
Do not own land (%) 316
Have a latrine (%) 66 4
Crowding (mean, persons room) 38
Unprotected water source (%) 47 6

* RSA, Republic of South Afnca

that some of the determinants of maternal
nutrition hnowledge (equation 2) are also
hypothesized to be determinants of the
child’'s nutritonal status (equation 1),
namely, maternal schooling and previous
clinic attendance (sec also figure 1). Because
the vanable “maternal knowledge” is deter-
mined within the system (i.e., by variables
included in the equation), this intermediary
variable is “endogenous,” and thus, the er-
rors of this vanable are correlated with the
error term of the eqaation (34). The use of
ordinary least-squares regression analysis in
this situation provides biased and inconsist-
ent estimates of the coefficients (35). Two-
stage least squares is a method widely used
for the estimation of models in which one
or more of the predictor variables is thought
to be correlated with the error term (8, 35-
39). This method consists of 1) regressing
the endogenous variable on all its predictors,
and 2) using the predicted values obtained
to replace the observed values for this vari-

able in the overall equation. Equation I then
becomes

Weight = ¢ + a1K + 625 + o3CA
+ ¢sC + ¢sM + ¢SES + e, (3)

where, K equals the predicted values for
knowledge.

Thus, two-stage least-squares regression
was used here to test whether schooling was
a significant determinant of the child’s nu-
tritional status once its effect, as mediated
through maternal nutntion knowledge, was
taken into account. The results of the two-
stage least-squares estimation were com-
pared with those obtained using ordinary
least squares. to 1illustrate the differences.
The statistical package SPSS/PC+ (version
3.1) was used for all analyses (33, 40), and
main effects and interactions were consid-
ered significant at the p < 0.05and p<0.10
levels, respectively (41).

RESULTS

Figure 2 shows the mean weight-for-age Z
scores of the sampled children. by sex. Sim-
ilar patterns were observed for both sexes:
weight-for-age was above zero during the
first two months of life, but a marked drop
was observed as early as the third month
and persisted until the age of 9-11 months.
A plateau was then reached at a low mean
Z score of approximately —1.5.

In a multivariate analysis of weight-for-
age that included maternal characteristics as
well as demographic and socioeconomic
variables, the two-way interactions between
the child’s age and maternal schooling and
between the child's age and the socioeco-
nomic factors were not statistically signifi-
cant. However, a statistically significant in-
teraction was found between maternal
schooling and the wealth factor. Hence, this
factor was used to divide the sample into
two socioeconomic groups: the “poorer”
(wealth factor score below or equal to the
mean) and the “wealthier” (wealth factor
score above the mean). Subsequent analyses
were done separately for each group.
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FIGURE 2. Mean weight-for-age Z scores of 921 Basotho children by age and sex, Lesotho, 1985-1886 Z scores
were computed using the reference population of the National Center for Health Statistics (42). The child's weight
was compared with the 50th percentile value of the reference population and divided by the standard deviation of
the references at that age (43) A Z score of zero means that the child's weight 1s equal to the 50th percentile of

the reference population

Table 2 preserts the results of the muiti-
variate analysis of weight-for-age by socio-
cconomic group, comparing the ordinary
least-squares and two-stage least-squares es-
timation methods. The coeflicients of the
knowledge equations (i.e., the first stage of
the two-stage least-squares estimations) are
presented in the Appendix. Table 2 shows
that among the poorer group, the two esti-
mation methods (ordinary least squares and
two-stage least squares) provided very simi-
lar coefficients for all the variables included
in the modecl, particularly for the variables
of interest (knowlcdge and schooling). Only
schooling was gssociated with weight-for-
age. Nutntion knowledge had no effect. For
the wealthier group, the coefTicients for ma-

ternal nutrition knowledge and schooling
differed markedly between the ordinary
least-squares and the two-stage least-squares
estimations. The interpretation of these re-
sults is that for the poorer group, two-stage
Jeast squares did not provide results different
from ordinary least squares because mater-
nal nutrition knowledge was not a mediating
factor in the association between schooling
and weight-for-age. For the wealthier group,
however, the use of two-stage least squares
highlighted the importance of maternal nu-
trition knowledge as a mediating factor be-
tween schooling and weight-for-age. School-
ing was also shown to have no remaining
effect on weight-for-age, once its effect on
nutrition knowledge was taken into account.
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TABLE 2, Companson of results of equations for child's weight* using ordinary least-squares and two-
slage least-squares estimations, by socioeconomic group: Lesotho, 1985-1986

Socioeconomic groupt
Wealthier families (7 = 412)

Poorer famidies (7 = 438)

Independent vanables Ordinary Two-stage Ordinary Two-slage
least squares least squares least squares least squares
dt p [ p B p s p
Nutntion knowledge$§ 000 040 001 086 000 091 010 003
Schooling|] 044 001 043 001 005 075 ~005 075
Family composition$ -008 034 -009 0.3t 000 094 -008 045
Agricultural involvement¥ -005 032 -005 031 -004 047 -009 o022
Sources of ncomel -003 065 -003 064 003 058 004 057
Wealtht 017 008 017 008 023 003 0 31 001
Environmental conditionst -008 011 -007 017 =021 000 =022 000
Panty** 040 001 042 0.02 0.11 052 018 038
Age (months) 019 000 019 000 020 000 019 Q00
Sex -045 000 -046 000 -047 000 -~047 000
Chinic attendancett 0.07 062 003 087 022 025 -0 13 063
Workingt$ -007 062 -008 049 ~-010 039 -007 063
Constant 673 000 631 000 630 000 257 015
Standard error 110 112 1.18 136
df 437 437 411 411
R? 52 53% 5147% 55 15% 48 00%

* The oulcome vanable of these equations 1s the weight of the child in kilograms

1 The sample was divided into two sociceconomic groups using the “wealth” factor. Families for whom the values of some of
the vanables were missing wera excluded from the multivanate analysis “Poorer” famiies had a wealth factor score below or equal
to the mean and "wealthier” families had a wealth factor score above the mean Note that factor scores are standardized variables,
and thus their mean I1s zero

§ 4. regression coefficient

§ Score derived by giving one point for each correct answer and zero for an incorrect or uncertain answer; maximum score 50
points

il 0. pnmary school or less, 1. more than pnmary school

1 Factor score extracted from prnincipal components analysts (Ruel MT. The role of maternal nutntion knowledge and formal
education as delerminants of child s nutntional status in Lesotho Unpublshed Ph D dissertation Cornell University, Ithaca NY,
1990) Scores dernived {rom this analysis are standardized vanables and are unitless, they were used as continuous varables in this
analys:s

=* 0 first child, 1. second child and subsequent children

tt 0 <3 months, 1, =3 months

$$ 0. no, 1, yes

of 12-month-old male children. It shows that
as maternal nutrition knowledge scores in-

Table 3 presents :he parsimonious two-
stage least-squares m:dels for both socioeco-

nomic groups. Among poorer households,
none of the socioeconomic factors were as-
sociated with weight-for-age. Besides the age
and sex of the child, only maternal schooling
and parity were significantly associated with
weight-for-age among this group. For
wealthier households, wealth and maternal
nutntion knowledge were positively associ-
ated with weight-for-age, and the worst en-
vironmental conditions were associated with
poorer nutritional status.

Figure 3 illustrates the interaction be-
tween maternal nutntion knowledge and so-
cioeconomic status on the estimated weight

crease, the weight of children from the
wealthier group also increases. In contrast.
the weight of children from the poorer group
remains constant.

DISCUSSION
Main findings

In Lesotho. as in most developing coun-
tries, maternal schooling is positively asso-
ciated with child nutritional status. The pres-
ent study, however, suggests that both the
importance of schooling and the mechanism
by which it affects child nutntional status
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TABLE 3. Results of two-stage least-squares equations for child's weight* (parsimonious models), by
socioeconomic group: Lesotho, 1985-1986

Socioeconomuc groupt
Poorer famies Wealthier families
Independent vanable {n = 438) (n=412)
it p 3 p

Nutntion knowledge§ 000 0.90 008 001
Schooling | 0.46 001
Wealth1 029 001
Environmental conditionst -0 19 000
Panty** 031 000
Age (months) 019 0.00 020 0.00
Sex -0 48 000 -0 51 000
Constant 635 000 363 000
Slandard error 1.10 129
df 437 411
R? 52 31% 51 30%

* The outcome vanable of these equations 18 the weight of the chid in kiograms,
t The sample was divided into two socioeconomic groups using the "wealth™ factor Families for whom the values of some of
the vanables were missing wera excluded from the multivanate analysis. "Poorer” famiies had a wealth factor score below or equal

{o the mean, and “weallhier” farmulies had a wealth lactor score above the mean Note that factor scores are standardized vanables.
and thus their mean 1s zsro

£ 4. regression coelficient

§ Score denved by giving one point for each correct answer and zero for an incorrect or uncertain answer, maximum score 50
poinis

1 0. pnmary school or less. 1, mare than pnmary school.

% Factor score exiracted from principal components analys:s (Ruel MT. The role of maternal nutntion knowledge and formal
education as determinants of child's nutritional status in Lesotho Unpublished Ph D disserlation Comnell University, Ithaca NY.
1990) Scores denved from this analysis are standardized vanables and are unitiess, they were used as continuous vanables in this
analysis

** 0, first child 1, second child and subsequent children

92
o 90F SES
RY)
- ! — O Wealthier
% =& DPoorer
= 88Ff
. N -
8.6 ] 1 1 I
37 38 39 40 41

Nutrition Knowledge Score

FIGURE 3. Interaction between maternal nutrition knowledge and socioeconomic status, Lesotho, 1985-1986
The weights of 12-manth-old male children were estimated, using tha coefficients from the two-stage least-squares

complete model (table 2) for each socioeconomic group and for different matemal nutntion knowledge scores. SES,
socioeconomic status,
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differ according to socioeconomic status.
Among the wealthier households of the sam-
ple. the association between maternal
schooling and child nutnitional status was
mediated by increased nutrition knowledge,
For poorer households, nutrition knowledge
was not associated with child nutritional
status, although maternal schooling had a
large and statistically significant posttive ef-
fect. Among this grcup, the association be-
tween schooling and child nutntional status
was independent of maternal nutrition
knowledge, and was probably related to
other benefits of schooling not reflected in
knowledge of the issues examined.

External validity

It is worth mentioning that the sample
used in the present study may not be repre-
sentative of the entire Basotho population.
Because of the clinic-based nature of the
study, the sample was sclf-sclected, in that it
included only mothers who chose to attend
the clinics. To reduce potential self-selection
biases, clinics with high coverage rates were
chosen, and the sample was found to be
representative of Lesotho’s typical popula-
tion of clinic attenders (32). Thus, the find-
ings and implications of the present study
are relevant for ongoing. clinic-based nutri-
tion education programs. and should be used
to increase their effectiveness. For national
community-based programs, however, sim-
ilar analyses of a representative sample of
the Basotho population would need to be
done.

Analytical approach

The present study applied the method of
two-stage least squares to model the mediat-
ing effect of materral nutrition knowledge
in the association between maternal school-
ing and child nutritional status. The Philip-
pines study (8) provides a thorough discus-
sion of a similar application of two-stage
least squares to the modeling of intermedi-
ary mechanisms in epidemiologic research.
Using two-stage least squares regression to
control for endogenous variables, the au-

thors developed a methodology to assess the
effects of “underlying” social factors and
“proximate” behavioral and biomedical fac-
tors on infant morbidity, growth, and mor-
tality. The implications of ignoring endogen-
icity are clearly demonstrated by comparing
the results of the ordinary least-squares and
the two-stage least-squares estimations. A
similar demonstration had been made car-
lier by Schultz (37) in an analysis of the
association between the use of prenatal care
and infant mortality. When endogenicity
was ignored. the use of prenatal care was
associated with increased infant mortality,
while in fact. prenatal care was shown to
have a strong protective effect when appro-
priate statistical techniques were used.

Comparison with other studies

Our findings regarding the interaction be-
tween maternal schooling and socioeco-
nomic status on child growth seem to con-
tradict results from previous studies (12, 28).
Contrary to our findings. these studics
showed no effect of maternal schooling on
child growth among the poorest strata of
society. This apparent inconsistency can be
explained by a combination of three factors.
First. the level of relative poverty and its
implications in terms of access to resources
was probably not comparable among the
three settings (Lesotho, Jordan (12) and
Bangladesh (28)). Second, the variables and
cutoff points used to classify the population
into socioeconomic groups and schooling
categories differed among the studics. Third,
different analytical approaches and statisti-
cal modeling were used, which makes com-
parisons difficult to interpret. Such differ-
ences in results reaffirm the importance of
conducting context-specific analyses before
deciding upon intervention stratcgies.

The literature on the association between
maternal nutrition knowledge and child nu-
tritional status also shows inconsisient re-
sults. Both positive correlations (23, 24, 27,
44) and the absence of association (45-47)
have been found. There are two major prob-
lems, however, with the interpretation of
these studies. First, the testing instruments
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used to evaluate nutrition knowledge and
the subject matter assessed vary widely. On
occasion. mothers were tested on issues that
may not be directly associated with child
growth. For instance. a study that reported
a lack of association between maternal nu-
tntion knowledge and child nutntional sta-
tus in the Philippines (45) tested mothers on
their knowledge about the nutrient content
of foods (irom, calcium. vitamins A and C).
Since knowledge of these issues is not di-
rectly related to the feeding and weaning
practices hikely to affect the nutritional status
of preschoolers in the Philippines, it is not
surprising that no association was found be-
tween maternal nutrition knowledge and
child growth.

Secondly. the relative importance of ma-
ternal knowledge and schooling is likely to
vary according to the age of the child. Pre-
vious studies showed that maternal school-
ing was a stronger determinant of the nutri-
tional status 9f younger children. namely,
those between the ages of 0 and 2 years (10,
I11). Nonetheless. research in this area is
usually done on samples of children between
the ages of 0 and § years. without stratifying
by age in the analysis nor testing the inter-
action between the mother’s schooling (or
knowledge) and the child’s age. The children
included in the present study were all
younger than 24 months. and the interaction
between age and either socioeconomic fac-
tors or maternal schooling was not statisti-
cally significant. Moreover, mothers were
tested on their knowledge of specific prac-
tices related to weaning and feeding during
diarrhca and 1llnesses (22), which were
thought to be associated with childhood mal-
nutntion in Lesotho (48).

CONCLUSIONS

Our results suggest that, in Lesotho, ma-
ternal nutrition knowledge is a positive asset
and is associated with improved child nutri-
tional status, but only in households that
have access to a minimum level of resources.
Thus, only among this group does nutrition
cducation have the potential to improve
child growth. For poorer households, other

types of interventions must precede or ac-
company educational efforts if an impact on
child health and nutntion is to be expected.
Other authors also claim that the effective-
ness of nutntion education in combating
childhood malnutntion depends on the
availability of a minimum amount of food
and resources at the household level (49.
50). Whereas previous statements to this
effect were bascd on common sense. our
results suggest that they are empirically
sound and fundamental to nutrition educa-
tion policy and planning.
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APPENDIX

Coefficients Obtained for Knowledge Equations

The coefTicients obtained for each socioeconomic group in the first stage of the two-stage
least-squares analysis are as follows:

Poorer households

Knowledge = 30.42 + 5.85 (clinic attendance) + 2.31 (age of child)
+ 3.23 (maternal schooling) — 2.55 (clinic attendance X schooling)
-~ 2.55 (clinic attendance X age of child)
— 0.66 (clinic attendance X clinic attended).

Wealthier households

Knowledge = 30.09 + 8.39 (clinic attendance) + 4.23 (age of child)
+ 6.14 (maternal schooling) — 7.05 (clinic attendance X schooling)
- 3.71 (clinic attendance X age of child)
— 0.25 (clinic attendance X clinic attended).



