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Abstract
Objective: To assess how breast-feeding and dietary diversity relate to infant
length-for-age Z-score (LAZ) and weight-for-age Z-score (WAZ).
Design: Breast-feeding, dietary and anthropometric data from the Cebu Longitudinal Health and Nutrition Survey were analysed using sex-stratiﬁed ﬁxedeffects longitudinal regression models. A dietary diversity score (DDS) based on
seven food groups was classiﬁed as low (<4) or high (≥4). The complementary
feeding patterns were: (i) non-breast-fed with low DDS (referent); (ii) breast-fed
with low DDS; (iii) non-breast-fed with high DDS; and (iv) breast-fed with high
DDS (optimal). Interactions between age, energy intake and complementary
feeding patterns were included.
Setting: Philippines.
Subjects: Infants (n 2822) measured bimonthly from 6 to 24 months.
Results: Breast-feeding (regardless of DDS) was signiﬁcantly associated with
higher LAZ (until 24 months) and WAZ (until 20 months). For example, at
6 months, breast-fed boys with low DDS were 0·246 (95 % CI 0·191, 0·302) SD
longer and 0·523 (95 % CI 0·451, 0·594) SD heavier than the referent group. There
was no signiﬁcant difference in size between breast-fed infants with high v. low
DDS. Similarly, high DDS conferred no advantage in LAZ or WAZ among nonbreast-fed infants. There were modest correlations between the 7-point DDS and
nutrient intakes but these correlations were substantially attenuated after energy
adjustment. We elucidated several interactions between sex, age, energy intake
and complementary feeding patterns.
Conclusions: These results demonstrate the importance of prolonged breastfeeding up to 24 months. The DDS provided qualitative information on infant diets
but did not confer a signiﬁcant advantage in LAZ or WAZ.

The weaning period is an important window of opportunity for growth promotion(1). Improved breast-feeding and
complementary feeding practices may signiﬁcantly reduce
the incidence of growth faltering and other deleterious
consequences of childhood undernutrition(2). The WHO
recommends that breast-feeding status and high diversity
in the complementary diet should be used as positive
indicators of appropriate feeding in infants aged
≥6 months(3). Much is known about the beneﬁcial effects
of breast-feeding and several recommendations exist for
prolonging breast-feeding duration(3). Dietary diversity
scores (DDS) are widely used in large surveys (such as
the Demographic and Healthy Survey) as they facilitate
crude assessment of dietary quality, thus foregoing more
resource-intensive dietary intake methods. Many studies
suggest that DDS are positively associated with nutrient
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adequacy and infant nutritional status(4–14). In light of the
operationalization of the DDS in monitoring and evaluation, we believe it is important to understand whether and
just how well this WHO-recommended dietary index
correlates with diet and ultimately growth.
Although there are many changes in the diet as the
infant transitions from breast milk to family foods, most
past studies on the diversity of the complementary diet
have relied on cross-sectional data. This approach is
limited for several reasons. Since infants are changing their
consumption of breast milk and weaning foods throughout infancy, the interactive and potentially synergistic
effects of breast-feeding and complementary foods must
be explored. The impact of complementary foods on
infant nutritional status varies with age. The introduction of complementary foods before 6 months may be
© The Authors 2015
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detrimental
. For example, one systematic review
found that exclusive breast-feeding in the ﬁrst 6 months was
associated with reduced diarrhoeal morbidity compared
with initiation of complementary foods between 3 and
4 months(15). However, in older infants breast milk may not
be sufﬁcient to support the infants’ nutrient needs and so
family foods become a necessary complement to the diet(18).
These age interactions make it difﬁcult to adequately
explore these nuances in cross-sectional studies. The Cebu
(Philippines) Longitudinal Health and Nutrition Survey
provides detailed infant feeding and growth data from
multiple surveys over a 24-month period(19). In the present
analysis we estimated the association of breast-feeding and
dietary diversity with standardized infant length- and
weight-for-age (length-for-age Z-score (LAZ) and weightfor-age Z-score (WAZ)) in the weaning period (6 to
24 months). We anticipated that breast-feeding and high
dietary diversity would be positive predictors of LAZ
and WAZ. We also hypothesized that the association of
breast-feeding would be most pronounced in the ﬁrst
6 months and substantially reduced by 24 months and that
the association of high dietary diversity on infant size would
increase throughout the weaning period.

Methods
Study population
The Cebu Longitudinal Health and Nutrition Survey
(CLHNS) is a study of infant feeding patterns in 3080 liveborn singleton infants from Cebu, Philippines(19,20). Between
1983 and 1985, data pertaining to infant nutrition, demography, health, anthropometry and socio-economic status
were collected at birth (baseline) and then bimonthly until
each child was about 24 months old. The study protocol is
described in detail elsewhere(19).
Anthropometry
Trained personnel measured length and weight using
standard techniques. LAZ and WAZ based on the WHO
growth standards were used as the outcomes(21). The
Z-scores were used to account for small age differences at
time of measurement, to portray growth patterns in this
population relative to a widely accepted growth standard
and to quantify effect sizes for exposures of interest.
Dietary exposures
Dietary data were collected using 24 h dietary recalls
administered at each bimonthly visit. During interviews,
mothers were questioned about all foods or liquids the
child consumed in the past 24 h. Nutrient information for
complementary foods was derived from food composition
tables provided by the Food and Nutrition Research
Institute of the Philippines(22). The micronutrients analysed were retinol equivalents, Ca, Fe, niacin, P, riboﬂavin
and thiamin. Energy and macronutrients were also
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analysed because the main outcome of the study is growth
and these are critical contributors to infant size. The breastfeeding variable was a dichotomous indicator (yes/no)
of whether the infant was breast-fed in the past 24 h,
which is also the same time period of reference for the
24 h dietary recall. This dichotomous variable is also a
valid time-varying indicator of current breast-feeding
status, as evidenced by its high concordance with other
more detailed indicators available from the CLHNS. The
DDS was based on the seven food groups recommended
by the WHO feeding practices for infants and young
children: (i) starches (grains, gruels, cereals, roots, tubers
and other staples); (ii) β-carotene-rich fruits and vegetables (plant products containing >60 retinol activity
equivalents per 100 g); (iii) other fruits and vegetables;
(iv) legumes, seeds and nuts; (v) ﬂesh foods (chicken,
ﬁsh, beef and other animal ﬂesh foods); (vi) eggs; and
(vii) milks(3). Any consumption of 10 g or more of a given
food group was awarded 1 point, for a maximum of
7 points. A 10 g threshold was used because a previous
study in this cohort found that imposing this cut-off point
excluded foods consumed in very small quantities and
improved correlations of the DDS with nutrient intake(11).
By this method, infants assigned a DDS of ‘0’ for a given
survey may have consumed breast milk alone, or breast
milk and <10 g of these complementary food groups, or
may have only had <10 g of these complementary food
groups. Consumption of any fortiﬁed foods was rare
(<2 %). The ordinal seven-food-group DDS was used for
descriptive statistics on diet composition. However, for the
regression analyses, a dichotomized dietary diversity
indicator was used (high, ≥4 food groups; or low, <4 food
groups), consistent with the recommendations of the
WHO(3).
The data derived from the 24 h recall were more
detailed than this binary indicator of diet quality. However, we desired a simple indicator and the DDS has been
operationalized as a proxy for infant nutrition both in
public health practice and research(4–14). Furthermore,
since few studies have analysed the association of the DDS
throughout the weaning period using rigorous longitudinal
analyses, we also aimed to ﬁll this gap in the literature. To
analyse the joint associations of dietary diversity and
breast-feeding, binary indicators were used for each of the
four possible complementary feeding patterns (CFP):
(i) the referent pattern of no breast-feeding and low dietary
diversity; (ii) breast-feeding with low dietary diversity;
(iii) no breast-feeding and high dietary diversity; and
(iv) the optimal feeding pattern of breast-feeding with high
dietary diversity. Energy intake from non-breast milk sources
was continuously coded in 4184 kJ (1000 kcal) units to aid
the interpretation of estimated β coefﬁcients.
Statistical analyses
To assess how the DDS related to nutrient intake from
complementary foods, Pearson correlation coefﬁcients
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were generated for the ordinal 7-point DDS and nutrients
when infants were 12 months old. We wished to stratify by
breast-feeding and by 12 months CFP were well established and breast-feeding (n 1611) and non-breast-feeding
(n 989) strata were reasonably large. The magnitudes of the
correlations did not differ substantially when other surveys
were used. A P value of <0·05 was regarded as signiﬁcant.
We also calculated the correlations between the DDS
and energy-adjusted nutrients (expressed as the ratio of
nutrient to total energy intake from complementary foods).
Two-tailed t tests were conducted to assess differences in
complementary energy intake between breast-fed and nonbreast-fed boys and girls at each survey wave.
We present the patterns of complementary feeding from
0 to 24 months, but since the infant feeding recommendations stipulate that complementary feeding should not
begin prior to 6 months, the longitudinal analyses are
restricted to the 6–24 month period(3). Regression analyses
included infants with complete data for at least one of the
ten surveys. Analyses were stratiﬁed by sex because sex
differences in feeding patterns and anthropometry have
been previously reported in this cohort(17). After exclusions for missing data, implausible values, death, migration
and attrition, the ﬁnal sample had 2822 infants (1488 boys
with a mean of 8·7 complete observations; 1334 girls with
a mean of 8·8 complete surveys). There were no signiﬁcant differences in the demographic characteristics of
the analytical sample used for regression analyses when
compared with the original sample of 3080 infants.
The association of CFP with infant size was estimated
using sex-stratiﬁed ﬁxed-effects longitudinal regression
models. These methods accounted for lack of independence due to repeated measures from the same individuals.
Fixed-effects models estimate the associations of timevarying covariates(23) (i.e. energy intake, age, CFP and
interactions between these variables). We could thus obtain
a population mean of the within-infant associations of CFP
on infant size. The more commonly used alternative to the
ﬁxed-effects longitudinal regression model is the randomeffects model which estimates β coefﬁcients for both ﬁxed
and time-varying covariates, yielding estimates based on
both within-individual and between-individual associations.
However, a key assumption of the random-effects model is
that the individual observations have error terms that are
not correlated with the independent variables. A Hausman
test revealed that this assumption was violated in our
sample and thus a ﬁxed-effects or within-individual model
was more appropriate(24). Estimates were calculated using
xtreg with the robust variance estimator in the statistical
software package STATA 13.
We investigated three-way and two-way interactions
between diet, age and energy intake from complementary
foods. These interactions were explored since we hypothesized a priori that the effect of breast-feeding would
wane with time, the effect of dietary diversity would
increase as the infant grows and, as a consequence, the
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effect of non-breast-milk energy intake would also be time
varying. We then used a Wald test to assess the null
hypothesis that the β coefﬁcients of a set of interactions
were simultaneously equivalent to zero(24). Product terms
were retained provided this null hypothesis was rejected.
Ultimately, we estimated WAZ with the following timevarying covariates: CFP, age, non-breast-milk energy intake,
CFP × age, CFP × non-breast-milk energy intake, nonbreast-milk energy intake × age, and CFP × age × nonbreast-milk energy intake. The inclusion of age interactions
allowed the effects of CFP and energy intake on WAZ to
vary with time. The CFP × energy intake product term also
added ﬂexibility to the model, permitting the estimated
association of a given CFP with WAZ to vary depending on
the amount of energy consumed from complementary
foods. Finally, the three-way interaction of CFP, energy
intake and age allowed this CFP–energy intake association
to vary over time. Similarly, only statistically signiﬁcant
covariates were retained when estimating LAZ, these
covariates were: CFP, age, non-breast-milk energy intake,
and non-breast-milk energy intake × age.
Predictions and post-estimation tests
The coefﬁcients from the models were used to predict sexspeciﬁc LAZ or WAZ for infants with each of the four CFP
throughout the weaning period. The mean energy intake
values used in these predictions were speciﬁc for age, sex
and breast-feeding status. Post-estimation Wald tests were
conducted to determine whether the combined predicted
associations of a given CFP were equivalent to those of a
second CFP at each point in time(24).
Sensitivity analyses
Four sensitivity analyses were conducted. First, we stratiﬁed by maternal education and socio-economic status and
then re-evaluated these associations between CFP and
infant size because it is plausible that the DDS–infant size
association may be modiﬁed by socio-economic status.
Second, we wondered whether dietary diversity primarily
inﬂuenced infant size via increased energy intake and so
we re-estimated the association of CFP with infant size
using models that excluded non-breast-milk energy intake.
Third, we questioned whether a weighted DDS may be a
more informative predictor of infant size so we also constructed a weighted DDS using the weights from the World
Food Programme’s (WFP) food consumption score. The
weighted DDS had a maximum of 19 points and was equal
to the sum of points given for consumption of staples
(2 points), legumes (3 points), β-carotene-rich (1 point)
and other fruits and vegetables (1 point), dairy (4 points),
eggs (4 points) and animal ﬂesh foods (4 points)(25). This
score was dichotomized as high (≥10) or low (<10). We
then re-executed the analyses using the dichotomized,
weighted score. Fourth, to explore whether infants’ size at
the previous survey contributed to dietary diversity in the
current survey (reverse causality), longitudinal regression
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models were executed using lagged infant size (LAZ and
WAZ) as the predictor and the ordinal 7-point DDS as the
outcome.

Results
Sample characteristics
At baseline, mothers had a mean age of 26·59 (SD 5·99)
years, they were 150·55 (SD 7·53) cm tall and had received
7·52 (SD 3·72) years of education (data not shown). Firstborn infants accounted for 22·27 % of the sample. Mean
birth weight and length of infants was 2·99 (SD 0·44) kg and
49·07 (SD 2·07) cm, respectively, and 11·49 % of the sample
weighed <2·5 kg at birth. The sample was about 25 %
rural. There were negligible differences in demographic
characteristics by sex.
Correlation of dietary diversity score with
nutrient intakes at 12 months
The DDS was modestly correlated with nutrient intakes in
breast-fed and non-breast-fed infants at 12 months
(Table 1). Correlations were attenuated substantially after
adjusting for non-breast-milk energy intake: for example,
the correlation of the DDS with protein intake in the
breast-fed stratum decreased from 0·56 to 0·28 after energy
adjustment. Correlations also differed substantially between
breast-fed and non-breast-fed infants. For example, the
energy-adjusted correlation between carbohydrates and the
DDS was only –0·07 in the non-breast-fed group, much
lower than the correlation observed in the breast-fed group
(adjusted correlation = –0·31).
Complementary food group consumption
from 0 to 24 months
Trends in complementary food group consumption in
breast-fed and non-breast-fed infants are displayed in
Fig. 1. Aside from starches, only non-breast milk and animal
ﬂesh foods were consumed by more than half of the
population at any given survey. Only a small proportion of
the sample consumed eggs and other fruits/vegetables.
Legumes, fruit and vegetables were consumed by fewer
than 30 % of infants at any given survey. Prevalence of
animal ﬂesh consumption increased steadily for both strata,
but this was generally higher in the non-breast-fed infants
(~70 % v. 50 % in breast-fed at 24 months). Absolute prevalence of consumption of eggs and other fruits/vegetables
was also higher in non-breast-fed infants.
Distribution of the complementary feeding patterns
The prevalence of the non-breast-fed low-DDS (referent)
category increased from 23 % at 6 months to 66 % by
24 months (Fig. 2), while the prevalence of the breast-fed
low DDS CFP decreased from 75 % at 6 months to 12 %
by 24 months. The percentage of non-breast-fed infants
with high DDS increased steadily over time. Percentage
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prevalence of the recommended feeding pattern (breastfeeding with high DDS) did not exceed 5 %.
Energy intake differed by breast-feeding status
and sex
In both boys and girls at any given survey wave, breast-fed
infants had signiﬁcantly different quantities of energy from
complementary foods when compared with their nonbreast-fed peers (Table 2).
Complementary feeding pattern and length-for-age
Breast-feeding (with high or low DDS) was positively
associated with LAZ (Table 3). Energy intake and age were
signiﬁcant predictors of LAZ. There was an inverse association between age and LAZ. With an energy intake ×
age interaction in the model, the negative coefﬁcient for
the main effect of energy intake showed the inverse
association of complementary food intake with LAZ at
6 months (baseline). The positive coefﬁcient for the
energy intake × age interaction term indicated that as the
infants became older, there was a positive association of
complementary energy with LAZ.
When predicted LAZ was calculated using the results
from the longitudinal regression, girls had higher Z-scores
than boys at all ages. Breast-fed infants had greater predicted LAZ than non-breast-fed infants, regardless of dietary
diversity or sex (Fig. 3). For example, at 6 months, boys who
were breast-fed with low DDS were 0·25 (95 % CI 0·19, 0·30)
SD longer than those in the referent group. The magnitude of
this difference in LAZ decreased over time and was 0·16
(95 % CI 0·12, 0·21) SD at 24 months. A similar trend was
observed in breast-fed girls with high DDS: the difference
between this group and the referent group was 0·20 (95 %
CI 0·12, 0·28) at 6 months, but narrowed to 0·10 (95 % CI
0·03, 0·17) SD at 24 months. Infants with the recommended
CFP (high DDS and breast-feeding) were not signiﬁcantly
longer than breast-fed infants with low DDS (difference in
LAZ = 0·03 (95 % CI −0·03, 0·08) in boys and −0·02 (95 % CI
−0·08, 0·03) in girls). Finally, non-breast-fed infants with high
DDS were not longer than the referent group.
Complementary feeding pattern and weight-for-age
There were signiﬁcant two-way and three-way interactions
between CFP, age and energy intake (Table 4). Both
breast-fed CFP were associated with greater WAZ, relative
to the referent group of non-breast-fed infants with low
DDS. The β coefﬁcients associated with the non-breastfed, high DDS CFP were never statistically signiﬁcant. Age
and energy intake were important predictors of WAZ. The
coefﬁcients for age were negative in both sexes, consistent
with a decline in WAZ with age. As seen in the results for
LAZ, energy intake was negatively associated with WAZ at
6 months in both sexes (given by the negative coefﬁcient
for main effects of energy intake), but as indicated by
the energy intake × age interaction term, energy intake
became positively associated with WAZ in older infants.
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Table 1 Mean daily nutrient intakes* from complementary foods at 12 months at each level of the DDS and Pearson correlation coefficients for selected nutrients with the DDS, stratified by
breast-feeding status, among Filipino infants, Cebu Longitudinal Health and Nutrition Survey
Carbohydrates (g)
DDS level
Non-breast-fed
0
1
2
3
4
5+
Correlation†
Adj. correlation‡
Breast-fed
0
1
2
3
4
5+
Correlation
Adj. correlation

Mean

SD

Protein (g)
Mean

SD

Fat (g)
Mean

SD

Ca (g)
Mean

SD

Fe (g)
Mean

SD

Niacin (µg)
Mean

SD

P (mg)
Mean

SD

Riboflavin (mg)
Mean

SD

Thiamin (mg)
Mean

SD

Retinol equivalents (µg)
Mean

SD

n

56·49
65·39
81·92
55·30
105·18
54·24
113·45
48·43
137·56
56·40
141·73
47·82
0·32
−0·07

10·71 10·83
11·13 8·49
18·21 12·18
22·28 12·16
29·49 16·35
34·36 17·25
0·45
0·39

10·01 9·67
8·88 9·01
15·01 13·19
18·70 15·50
23·92 22·00
31·06 24·14
0·33
0·25

0·38 0·35
0·31 0·29
0·48 0·41
0·55 0·41
0·70 0·53
0·72 0·37
0·28
0·20

1·85 3·74
2·34 2·37
4·45 4·14
6·36 5·35
6·93 6·00
8·49 5·42
0·35
0·21

1·93 2·11
2·34 2·47
3·78 3·54
4·74 4·37
5·36 4·08
6·54 5·30
0·29
0·12

115·52 171·44
183·79 207·61
384·32 325·91
458·06 317·16
610·40 397·33
648·63 312·32
0·39
0·35

0·23
0·35
0·35
0·46
0·62
0·66
0·73
0·65
0·97
0·81
1·07
0·75
0·29
0·23

0·28
0·47
0·40
0·58
0·42
0·46
0·41
0·31
0·45
0·29
0·52
0·30
0·06§
−0·06

91·50
124·23
209·86
304·09
629·59
548·71

211·59
221·09
508·41
672·02
1693·43
974·79
0·16
0·12

12
175
356
260
139
47

19·26
32·00
35·51
29·92
55·98
35·52
70·60
39·67
82·97
42·93
42·15
104·47
0·43
−0·31

2·24 3·70 0·97 1·40
3·62 3·31 1·38 2·42
8·32 6·95 4·52 8·72
11·96 8·01 6·56 7·91
16·40 9·04 9·50 9·25
22·55 9·91 14·63 10·66
0·56
0·37
0·28
0·34

0·04 0·08
0·05 0·06
0·10 0·13
0·17 0·21
0·28 0·28
0·38 0·24
0·43
0·28

0·68 0·93
1·22 1·27
2·33 2·11
3·77 3·55
4·83 3·16
6·86 4·34
0·48
0·20

1·13 1·93
0·94 0·94
2·18 2·20
3·11 2·68
4·47 3·37
5·19 2·84
0·47
0·19

40·24 71·06
49·30 47·39
117·68 104·62
183·15 161·24
266·92 182·53
384·63 200·59
0·54
0·39

0·09
0·18
0·06
0·09
0·21
0·43
0·31
0·67
0·47
0·64
0·51
0·31
0·28
0·14

0·08
0·15
0·06
0·10
0·13
0·16
0·17
0·17
0·26
0·23
0·34
0·18
0·37
0·22

20·09
15·36
183·26
267·59
487·49
343·38

44·93
53·92
781·83
1257·52
1598·52
473·80
0·13
0·10

35
663
546
268
82
17

DDS, dietary diversity score.
*Values are presented as means and standard deviations for selected nutrients.
†Pearson correlation coefficients of the 7-point DDS with nutrient intake.
‡Correlations were also calculated using energy-adjusted nutrient intake (nutrient intake/energy).
§P > 0·05; all other correlations had P < 0·05.
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% of children consuming food group
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% of children consuming food group

(b)
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Fig. 1 Percentage of children consuming each food group ( , starches; , eggs; , legumes, seeds and nuts; , other fruits and
vegetables; , β-carotene-rich fruits and vegetables; , non-human milks; , animal flesh foods), stratified by breast-feeding status
(a, breast-fed; b, non-breast-fed), among Filipino infants aged 0–24 months, Cebu Longitudinal Health and Nutrition Survey. Sample
sizes for each survey correspond to those shown in Table 2

100
90
80

% of cohort

70
60
50
40
30
20
10
0
6

8

10

12

14

16

18

20

22

24

Age (months)

Fig. 2 Prevalence of complementary feeding patterns (
, non-breast-fed, low DDS;
, breast-fed, low DDS;
, nonbreast-fed, high DDS;
, breast-fed, high DDS) among Filipino infants (n 2822) aged 6–24 months, Cebu Longitudinal Health
and Nutrition Survey (DDS, dietary diversity score)
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Table 2 Mean daily energy intake* from complementary foods, stratified by breast-feeding status†, among Filipino infants aged 6–24 months,
Cebu Longitudinal Health and Nutrition Survey
Boys

Girls

Non-breast-fed

Breast-fed

Non-breast-fed

Breast-fed

Age (months)

Mean

SD

n

Mean

SD

n

Mean

SD

n

Mean

SD

n

Total n

6
8
10
12
14
16
18
20
22
24

583·06
661·34
667·38
593·36
626·26
619·87
636·02
655·30
663·76
679·27

319
358
364
261
284
283
281
295
304
297

294
328
374
405
510
619
760
847
901
956

122·77
179·12
225·03
261·46
309·68
337·31
375·13
418·26
440·58
493·80

149
171
189
196
194
206
218
231
240
247

985
934
866
775
653
526
403
300
219
167

640·18
685·57
714·32
609·46
661·14
658·52
665·41
701·02
710·70
712·49

320
351
353
256
261
274
286
303
287
295

358
406
460
459
567
687
784
905
991
1049

145·31
197·36
241·33
273·17
346·33
381·61
408·43
436·69
453·39
483·91

149
171
189
196
194
206
218
231
240
247

1082
1001
930
831
698
557
441
333
241
167

2719
2669
2630
2470
2428
2389
2388
2385
2352
2339

*Values are presented as means and standard deviations in kilocalories; 1 kcal = 4·184 kJ.
†Two-tailed t tests stratified by gender and survey wave revealed that for all survey waves, energy intake from complementary foods was significantly different in
non-breast-fed infants compared with their breast-fed counterparts (P < 0·0001).

Table 3 Results of longitudinal regression* of LAZ v. four complementary feeding patterns among Filipino infants aged 6–24 months, Cebu
Longitudinal Health and Nutrition Survey
Boys
Covariate
Non-breast-fed, low DDS
Breast-fed, low DDS
Non-breast-fed, high DDS
Breast-fed, high DDS
Age‡
Age2
Energy intake§
Energy intake × age
Intercept
ρ
n

Girls

β†

95 % CI

P value

β

95 % CI

P value

Referent
0·16
0·00
0·14
−0·15
0·00
−0·29
0·02
−0·49

n/a
0·12, 0·21
−0·03, 0·04
0·07, 0·20
−0·16, −0·14
0·00, 0·00
−0·42, −0·16
0·01, 0·03
−0·59, −0·39
0·847
1488

n/a
<0·001
0·939
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001

Referent
0·16
0·00
0·14
−0·14
0·00
−0·24
0·02
−0·28

n/a
0·11, 0·20
−0·04, 0·03
0·07, 0·20
−0·15, −0·13
0·00, 0·00
−0·39, −0·09
0·01, 0·03
−0·37, −0·18
0·838
1334

n/a
<0·001
0·839
<0·001
<0·001
<0·001
0·001
<0·001
<0·001

LAZ, length-for-age Z-score; DDS, dietary diversity score; n/a, not applicable.
*Fixed-effects longitudinal regression models were stratified by sex (1488 boys and 1334 girls).
†β represents the coefficient for the estimated change in standardized length-for-age (LAZ).
‡Age measured in months.
§Energy intake measured in 4184 kJ (1000 kcal) units, estimated from all foods and liquids consumed excluding breast milk, as reported on 24 h dietary recalls.

Generally, girls had larger predicted WAZ than boys in
the same age group and CFP (Fig. 4). In both sexes, breastfeeding was associated with a greater WAZ. For example,
the post-estimation tests revealed that at 6 months, boys
who were breast-fed with low DDS were 0·52 (95 % CI
0·45, 0·59) SD heavier than the referent group (data not
shown). The difference in WAZ declined with age and was
no longer signiﬁcant by 20 months (difference in WAZ =
0·05 (95 % CI −0·01, 0·10)). A similar trend was seen in
breast-fed infants with high DDS: in the girls, the difference in WAZ at 6 months was 0·39 (95 % CI 0·21, 0·57) SD
and this was reduced to a difference of 0·06 (95 % CI
−0·04, 0·16) by 20 months. The post-estimation tests
showed no statistically signiﬁcant differences between
breast-fed groups with high and low DDS. There were also
no signiﬁcant differences between infants with high v. low
DDS within the non-breast-fed stratum.
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Sensitivity analyses
There was no apparent advantage to having high dietary
diversity when analyses were re-executed within strata of
socio-economic status or education. Moreover, removing
energy intake from the model did not signiﬁcantly alter
inferences pertaining to high DDS. The WFP-weighted CFP
did not predict infant LAZ or WAZ. Upon exploring the
possibility of reverse causality, we found that a 1 SD gain in
infant size increased the ordinal 7-point DDS by <1 point.
This indicated that to some extent, infant size did predict
the way the infant would be fed at a subsequent survey.

Discussion
We demonstrated that the WHO’s seven-food-group DDS
was modestly correlated with nutrient intakes in this
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Fig. 3 Predicted LAZ for Filipino boys (a; n 1488) and girls (b, n 1334) aged 6–24 months by complementary feeding pattern
(
, non-breast-fed, low DDS;
, breast-fed, low DDS;
, non-breast-fed, high DDS;
, breast-fed, high DDS), Cebu
Longitudinal Health and Nutrition Survey. Predicted LAZ was calculated using the coefficients from the longitudinal regression
analyses and mean energy intake from complementary foods (LAZ, length-for-age Z-score; DDS, dietary diversity score)

cohort of Filipino infants. Using longitudinal regression
models to estimate the association of CFP based on scores
of dietary diversity and breast-feeding status with LAZ and
WAZ, we identiﬁed several interactions between age,
energy intake and breast-feeding status. Breast-feeding
was strongly associated with greater WAZ and LAZ but
high dietary diversity conferred no signiﬁcant advantage in
infant size in our analyses.
The correlations between the DDS and nutrient intakes
varied across strata of breast-feeding and the DDS was a
better predictor of nutrient intake than nutrient density.
Both intake and density are important for achieving
nutrient adequacy, but nutrient density is particularly critical in infants since they cannot consume large quantities
of food. The weak correlations with nutrient density make
the score a poor proxy for diet quality in these infants.
Associations between DDS and nutrient intake and density
have been previously reported(4,7,10–12). However, we
thought it important to display the unreliability of the score
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as a proxy for diet quality, particularly in light of other
important predictors of infant health (i.e. energy intake
and breast-feeding status).
We showed here that the DDS was useful for qualitatively describing the population trends in the timing of
introduction of different complementary foods. However,
although we could use this DDS to track changes in
consumption of the seven complementary food groups,
consumption of other important food groups may have
been missed. For example, vitamin C-rich plant foods or
leafy greens were subsumed in the other fruits and vegetables category, so the trends in consumption of these
smaller groups could not be seen. For descriptive purposes, such dietary indices may be more informative if
more food groups are included.
Our longitudinal analyses revealed interesting sex differences in infant size. Variations in the incidence of
stunting and underweight have previously been reported
in this and other cohorts based in Cebu(26,27). A previous
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Table 4 Results of longitudinal regression* of WAZ v. four complementary feeding patterns in Cebu infants among Filipino infants aged
6–24 months, Cebu Longitudinal Health and Nutrition Survey
Boys
Covariate
Non-breast-fed, low DDS
Breast-fed, low DDS
Non-breast-fed, high DDS
Breast-fed, high DDS
Age‡
Age2
Breast-fed, low DDS × age
Non-breast-fed, high DDS × age
Breast-fed, high DDS × age
Energy intake§
Energy intake × age
Energy intake × age2
Breast-fed, low DDS × energy intake
Non-breast-fed, high DDS × energy intake
Breast-fed, high DDS × energy intake
Breast-fed, low DDS × energy intake × age
Non-breast-fed, high DDS × energy intake × age
Breast-fed, high DDS × energy intake × age
Intercept
ρ
n

Girls

β†

95 % CI

P value

β

95 % CI

P value

Referent
0·72
−0·18
0·94
−0·16
0·00
−0·03
0·01
−0·04
−0·71
0·14
0·00
−0·46
0·17
−0·89
0·02
−0·01
0·04
−0·62

n/a
0·56, 0·88
−0·49, 0·14
0·48, 1·40
−0·18, −0·14
0·00, 0·01
−0·04, −0·02
−0·01, 0·03
−0·06, −0·01
−1·00, −0·43
0·11, 0·18
−0·01, 0·00
−0·74, −0·19
−0·17, 0·51
−1·57, −0·21
0·00, 0·04
−0·03, 0·01
0·00, 0·08
−0·82, −0·43
0·876
1488

n/a
<0·001
0·279
<0·001
<0·001
<0·001
<0·001
0·378
0·005
<0·001
<0·001
<0·001
0·001
0·324
0·011
0·049
0·467
0·041
<0·001

Referent
0·69
0·17
0·45
−0·12
0·00
−0·03
−0·01
−0·01
−0·40
0·08
0·00
−0·59
−0·17
−0·01
0·03
0·01
−0·01
−0·68

n/a
0·52, 0·87
−0·12, 0·47
0·07, 0·84
−0·14, −0·10
0·00, 0·00
−0·04, −0·02
−0·02, 0·01
−0·04, 0·02
−0·73, −0·07
0·04, 0·11
0·00, 0·00
−0·89, −0·30
−0·50, 0·17
−0·65, 0·64
0·01, 0·05
−0·01, 0·02
−0·05, 0·03
−0·90, −0·46
0·871
1334

n/a
<0·001
0·251
0·021
<0·001
<0·001
<0·001
0·461
0·476
0·018
<0·001
<0·001
<0·001
0·334
0·979
0·001
0·580
0·574
<0·001

WAZ, weight-for-age Z-score; DDS, dietary diversity score; n/a, not applicable.
*Fixed-effects longitudinal regression models were stratified by sex (1488 boys and 1334 girls).
†β represents the coefficient for the estimated change in standardized weight-for-age (WAZ).
‡Age measured in months.
§Energy intake measured in 4184 kJ (1000 kcal) units, estimated from all foods and liquids consumed excluding breast milk, as reported on 24 h dietary recalls.

study found that male infants in this cohort are fed
differently and have higher prevalence of diarrhoea(26).
We found that although the relative associations of CFP
were similar in both sexes, absolute predicted LAZ and
WAZ were noticeably greater in girls. Furthermore, it
seems that responsiveness to this ‘optimal’ pattern varied
by sex: only males had signiﬁcant two- and three-way
interactions in the breast-fed, high DDS CFP, which suggests that the associations of this CFP with WAZ are
modiﬁed by age and energy intake to a greater extent in
boys. This may be partially explained by the documented
sex differences in feeding and morbidity in this cohort.
The ﬁndings demonstrated the age-dependent association of complementary food energy with LAZ and WAZ
throughout the weaning period. With the age × energy
interaction term in the model, the main effect coefﬁcient
represents energy intake in 6-month-old infants. The
negative main effects coefﬁcient suggested that at this
baseline age, high consumption of complementary foods
was detrimental for growth. The interaction term shows
that this inverse association weakened and became positively predictive of growth as the infants became older.
Complementary feeding is inappropriate in younger
infants (i.e. infants 6 months of age and younger) as it
potentially introduces pathogens that increase diarrhoea
risk, thus reducing potential for growth(15,18). Furthermore,
an infant with higher intake from complementary foods is
likely consuming less breast milk, as we demonstrated in
Table 3. Less breast-feeding, particularly at a young age,
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will result in poorer growth. These results are congruent
with a previous study in this cohort that showed a strong
increase in probability of diarrhoeal morbidity in mixedfed infants <8 months of age, relative to exclusively breastfed peers(17). Altogether, we believe that the adverse
effects highlighted by our regression analyses are due to
the combined impact of reduced breast milk and increased
diarrhoeal morbidity brought on by complementary
feeding, both of which potentially limit LAZ and WAZ(28).
Many studies have highlighted positive associations of
different scores of dietary diversity with infant LAZ or WAZ
in a variety of settings(6,8,9,29–31) but we found no evidence
that high DDS improved infant nutritional status in our
study. This null ﬁnding was not due to energy adjustment
since when we re-estimated LAZ and WAZ without energy
intake in the model, the P values for non-breast-fed and
high DDS did not achieve statistical signiﬁcance. Stratiﬁcation by socio-economic status/maternal education also
did not affect our ﬁnal inference regarding the DDS.
One proposed reason for the null ﬁnding is that the
WHO’s DDS does not acknowledge the differential contribution of certain food groups to infant nutrition. In
contrast, rather than assigning equal weights to each food
group, the WFP food consumption score weights food
groups differently. For example, the WFP’s score weights
consumption of animal ﬂesh foods more heavily than that
of plant foods(25). One study based on a cohort of
Mozambican adults found that their weighted food score
was a better predictor of household energy consumption(32).
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Fig. 4 Predicted WAZ for Filipino boys (a; n 1488) and girls (b, n 1334) aged 6–24 months by complementary feeding pattern
(
, non-breast-fed, low DDS;
, breast-fed, low DDS;
, non-breast-fed, high DDS;
, breast-fed, high DDS), Cebu
Longitudinal Health and Nutrition Survey. Predicted WAZ was calculated using the coefficients from the longitudinal regression
analyses and mean energy intake from complementary foods (WAZ, weight-for-age Z-score; DDS, dietary diversity score)

As a sensitivity analyses, we applied the requisite WFP
weights to each of the seven food groups in the WHO
score. Overall, there still appeared to be no advantage to
having high weighted-DDS. However, within non-breastfed infants, the high weighted-DDS CFP had a small
estimated impact on boys’ LAZ that approached statistical
signiﬁcance (β = 0·03, P = 0·06). The DDS can only crudely
approximate food group consumption since it does not
include FFQ. Even with the imposed 10 g threshold and
WFP weights, the misclassiﬁcation that is inherent in the
DDS might make it less predictive of nutrient intake and
ultimately a weak predictor of growth.
It is plausible that previous literature on the association
between dietary diversity and infant size was largely
inﬂuenced by reverse causality. Intriguingly, one study in
a Senegalese cohort found associations between their DDS
and LAZ but their longitudinal DDS, a cumulative summary of previous and current dietary diversity, showed no
association with linear growth(33). We therefore explored
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whether our ﬁnding was potentially due to reverse causality and found evidence that larger infants are fed more
diverse diets at subsequent surveys. This is not surprising:
feeding decisions may be based on perceptions of how
the baby is faring. A mother may decide to alter (or continue) her feeding behaviour to promote growth. This
presents a tremendous methodological challenge in the
bid to analyse associations between diet quality and infant
growth. We have attempted to do this here with the use of
sophisticated ﬁxed-effects methodology and our results
show that within the context of our cohort, this DDS was a
poor predictor of infant size; current breast-feeding status
was a much better indicator of growth.
A major strength of our study is the rigorous methodology that we employed to incorporate the interactive
impact of dietary exposures throughout the weaning
period. By accounting for age × energy intake interactions we could elucidate the negative impact of higher
intake of complementary foods in 6-month-old infants.
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As we hypothesized, the associations of breast-feeding,
particularly with WAZ, were greatest at 6 months and
decreased over time. In the case of estimating LAZ, the
beneﬁts of breast-feeding persisted throughout the entire
weaning period.
The ﬁxed-effects models and longitudinal study design
facilitated the investigation of causality(23,34). Nearly 80 %
of infants had been exposed to at least two CFP and so in
some ways the analytical design used here may be likened
to that of a case-crossover trial in which the majority of
infants experienced more than one ‘treatment’ or CFP. The
models allowed infants to serve as their own controls and
thus we could isolate the net associations of changing CFP
while reducing the obscuring associations of time-constant
confounders. To our knowledge, only one other study has
utilized longitudinal regression models for testing the joint
associations of breast-feeding and the diversity of the
complementary diet with infant size(31). The authors used
food consumption scores to predict infant size in a small
Afro-Columbian cohort of 133 infants(31). They also found
that their food consumption score was not signiﬁcantly
associated with linear growth or weight gain(31). We
believe that ours is the ﬁrst study in such a large cohort
that has analysed the associations of dietary diversity and
breast-feeding with infant growth. Ideally, we would have
randomized infants to the four CFP in order to estimate the
causal effects of diet on growth but such a study would be
unethical and impractical. The ﬁxed-effects method thus
allowed us to make excellent use of the longitudinal,
observational data and yielded sound inferences regarding
the associations of CFP with growth in this population of
infants.
There are limitations in our study. First, we did not
explicitly estimate the contribution of time-constant confounders (e.g. maternal education) but assumed that they
were constant contributors to growth throughout the
period. However, we reiterate that the estimation of timeconstant confounders was not necessary since we were
primarily concerned with the relationship of CFP to
growth. Second, because the DDS was only modestly
correlated with nutrient density, the null ﬁndings may be
due to the shortcomings of the DDS used and do not
necessarily indicate that dietary diversity does not predict
growth. It is plausible that high DDS may confer a beneﬁt
in other populations.
Appropriate complementary feeding is critical to infant
growth. Breast-feeding was shown to be an excellent
predictor of infant nutritional status in this population.
Additionally, we found that breast-feeding status and
energy intake altered the correlation of the DDS with
nutrient intake, and our quantitative analyses indicated
no signiﬁcant contribution of a high dietary diversity to
infant size. The DDS has potential for qualitative information on diet composition in infants. Identiﬁcation of
several statistical interactions revealed the importance of
longitudinal designs and sound methodology for analysing
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this dynamic period. Future studies should aim to improve
characterizations of the quality of the complementary diet
since dietary exposures in this vulnerable weaning period
can have far-reaching consequences for morbidity in
infancy and beyond(2,35,36).
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