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Abstract

Objective: To determine whether a previously reported association between the
Special Supplemental Nutrition Program for Women, Infants and Children (WIC) food
package change and reduced child obesity risk among WIC-participating children in
Los Angeles County holds across levels of family income and neighbourhood poverty.
Design: Analysis of prospectively collected WIC administrative data. The outcome
was obesity at age 4 years (BMI-for-age > 95th percentile). Poisson regression was
applied to a matched sample (12 79 502) to determine if the association between
the WIC food package change and child obesity was modified by family income
(<50 % federal poverty level (FPL), 50-100 % FPL, >100 % but <185 % FPL) and
neighbourhood poverty.

Setting: Los Angeles County, California.

Participants: Children who participated in WIC in Los Angeles County between 2003
and 2016; children were grouped as receiving the old WIC food package (2003-2009)
or the new WIC food package (2010-2016).

Results: Receiving the new WIC food package (i.e., post-2009) was associated with
7-18 % lower obesity risk across all family income categories. Neither family income
nor neighbourhood poverty significantly modified the association between the WIC
food package and child obesity. However, certain sub-groups seemed to benefit more
from the food package change than others. In particular, boys from families with
income above poverty but residing in the poorest neighbourhoods experienced
the greatest reductions in obesity risk (relative risk = 0-77; 95 % CI 0-66, 0-88).
Conclusions: The WIC food package revisions were associated with reduced
childhood obesity risk among all WIC-participating families in Los Angeles
County, across levels of income eligibility and neighbourhood poverty.
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The food packages received by beneficiaries of the Special
Supplemental Nutrition Program for Women, Infants and
Children (WIC) — which includes pregnant and postpartum
women, infants and children up to the age of 5 years who live
in low-income households — were updated in 2009 to better
align them with the Dietary Guidelines for Americans™”. This
food package change included the addition of fruits,
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vegetables and whole grains; a reduction in the amount of
juice and dairy, as well as in the amount of fat allowed in milk;
and a reduction in infant formula based on a recalibration of
amounts to match infants’ age and needs™". Further, post-
2009 mothers of fully breastfed infants do not receive
formula and are given the most generous food package in
terms of food quantity and variety for 1 year postpartum,
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plus additional complementary foods for their fully breastfed
infants from 6 to 12 months, including infant-food fruits, veg-
etables and meats."’ Previous research has found the
WIC food package change to be associated with healthier
growth trajectories” and lower obesity risk®® among
WIC-participating children. Among children participating
in WIC in Los Angeles County between 2003 and 2016, for
example, receiving the new food package continuously from
0 to 4 years, compared with the old, was associated with
a 10-12% lower obesity risk at age 4 years®. Additional
reported benefits related to the food package change include
better diet quality for women and children, improved
breast-feeding outcomes, and healthier neighbourhood
food environments with increased availability of fruits,
vegetables and whole grains®.

WIC serves only households with family incomes < 185 %
of the federal poverty level (FPL). Although not always
discussed, variations in nutritional outcomes across income
levels have been observed among WIC families®®. Namely,
Nobari et al® found that 2—4-year-old WIC-participating
children in Los Angeles County living in the lowest income
households (<50% FPL) had higher obesity prevalence
than children living in households with incomes > 50 %
FPL, and this trend was consistent across the years of study
(2003-2014). Similar findings were observed for neighbour-
hood income, with WIC-participating children living in the
poorest neighbourhoods having the highest obesity preva-
lence across time®. Freedman et al.© found similar trends by
family income in weight-for-length among 3-23-month-old
WIC-participating children in several US states. Yet, it
remains unclear if the 2009 WIC food package differentially
impacted children’s obesity outcomes, across family income
and neighbourhood poverty levels. Identifying if the WIC
food package change equitably impacted WIC-participating
children is an important policy question, particularly to
inform future food package revisions.

The goal of the current study was to investigate if the
previously identified association between the new WIC food
package and reduced obesity risk among WIC-participating
children in Los Angeles County'® was observed among all
participating households, irrespective of their family income
or the poverty level of the neighbourhood in which they live.
Since children with the lowest income and living in the high-
est poverty neighbourhoods had the highest obesity preva-
lence and, therefore, stood to gain the most from improved
diets, we hypothesised that the effect of the WIC food pack-
age change on obesity would be stronger among children
living in very-low-income households (< 50 %FPL), particu-
larly among those living in the poorest neighbourhoods.

Methods
Sample

Administrative data on WIC-participating children in Los
Angeles County, California, between 2003 and 2016
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from the Data Mining Project (https://apps.phfewic.org/
Projects/DataMining.aspx) were used and analysed in
2019. These data include weight and height (or length) mea-
sures taken on the same children during WIC (re) certification
visits, as well as socio-demographic information on children
and their families. Inaddition, children’s residential addresses
were geocoded to 2010-census tract boundaries and linked
to data from the American Community Survey to obtain
neighbourhood-level variables.

The current study was part of a larger study investigating
the impact of the 2009 WIC food package change on child-
ren’s growth trajectories from 0 to 4 years and obesity at age
4years?; as such, children’s inclusion criteria were to be
continuously enrolled in WIC from birth (defined as within
42 d of birth) until age 4 years (inclusive), with at least one
weight and height (or length) measurement for each year,
either before or after the implementation of the WIC food
package change (1 October 2009). Additional inclusion cri-
teria for the current study were for children to live in a cen-
sus tract with at least five WIC-participating children to
protect the identity of WIC participants. Children who
met eligibility were grouped based on the dates they par-
ticipated in WIC: if their enrollment in WIC ended before
1 October 2009, they belonged to the old food package
group, whereas those whose enrollment began after
1 October 2009 belonged to the new food package
group. Children whose enrollment in WIC overlapped with
the implementation of the food package change were
excluded. A total of 155 991 children were eligible for
inclusion, with a final analytical sample of 79 502 children
attained after sample matching (explained below in the
‘Statistical Analysis’ section; Fig. 1).

Outcome

Obesity at age 4 years, defined as a BMI-for-age > 95th per-
centile in sex-specific growth curves from the Centers for
Disease Control and Prevention (CDC), served as the out-
come for Poisson regression analyses. Weight and height
(or length) used to estimate obesity at age 4 years, as well
as initial weight-for-length z-score used as a covariate in
multivariable analyses, were measured by WIC staff during
WIC eligibility certification and recertification; measure-
ments by WIC staft in Los Angeles County have been found
to have high validity”.

Covariates

Available individual-level socio-demographic  data
included child’s age, sex and race/ethnicity as reported
by the child’s mother (Asian, Black, Hispanic, White and
Other); maternal education (less than a high school degree,
high school degree or equivalent, and higher than high
school) and language preference (English, Spanish and
Other); and family size (continuous) and income (<50,
50-100 and >100-185 % FPL). In addition, census tract-level
variables from American Community Survey (2005-2009 for
children in the old food package group and 2010-2014 for
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eligibility (n 609 395)
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[ Eligible subjects (n 155 991) |
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« Enroliment crossed October 2009
« First enrolled after 42 d after birth
« No measurement after 48 months of age
+Does not have at least 1 measurement per year

| Package determination |

Old package

All data for subject before October 2009

New package

(n85871)

All data for subject after October 2009
(n70120)

<50 % FPL | 50—<100 % FPL | 100-185 % FPL [ Household income stratum | 100-185 % FPL || 50-<100 % FPL | <50 % FPL
(n21382) (n 42506) (n21983) (n 15426) (n 33658) (n21036)
Matching
Analysis
<50 % FPL 50-<100 % FPL 100-185 % FPL
0ld (n 10727) Old (n 20 726) Old (n 8298)
New (n 10727) New (n 20 726) New (n 8298)

Fig. 1 (colour online) Flow chart of WIC-participating children included in the study

children in the new food package group) included percent-
age of individuals in the census tract of residence (1) with a
high school degree or greater, (2) who are non-White and
(3) who live below the FPL (i.e., in poverty).

Statistical analysis

To account for changes in the demographic characteristics
of WIC participants in Los Angeles over time,® children
receiving the new food package were matched one-to-one
to children receiving the old food package. Exact matching
was used for child’s sex and race/ethnicity; maternal
education and language preference; and family income
category. Optimal matching was used for age weight-for-
length z-score at first measurement®?.,

Descriptive statistics were produced to characterise the
sample. Further, using this matched sample and accommo-
dating clustering within matched pairs, sex-stratified Poisson
regression with robust st estimation!” was used to deter-
mine whether the association between the WIC food
package change and obesity risk at age 4 years varied by
family income; this was accomplished by including an inter-
action term between family income strata and WIC package,
adjusting by family size and neighbourhood character-
istics. Poisson regression overcomes convergence issues in
risk ratio estimation common in binomial regression and
has lower sensitivity to model misspecifi-cation™®1?.
Moreover, Poisson regression can provide an unbiased
estimate of the risk ratio when there is equal follow-up time
and the event of interest is not rare'?, and variance overesti-
mation from applying Poisson regression to binary data can
be corrected by using a sandwich estimator for robust error
variance estimation?”. Sex stratification of our analysis
was deemed necessary since the association between the
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WIC food package change and obesity has been found to
be different for boys and girls™®. To assess whether the
strength of the association between WIC food package
and obesity was further dependent on neighbourhood
poverty within each family income category, additional mod-
elswere run thatincluded interaction terms between percent-
age neighbourhood poverty (continuous) and (1) WIC
food package, (2) family income and (3) the interaction of
WIC food package with family income. All analyses were
conducted using SAS 9-4 (SAS Institute Inc.). A P-value
< 0-05 was deemed statistically significant.

Results

Summary characteristics of the sample by child sex, family
income and WIC food package type are displayed in
Table 1. Overall, children whose family income was above
poverty (>100 % to <185 % FPL) had a lower initial weight-
for-length z-score. Regardless of family income, boys and
girls receiving the new food package had a lower obesity
prevalence at age 4 years than boys and girls receiving
the old food package. Even though the sample was pre-
dominantly Hispanic overall, Black children were over-
represented in the very low-income group (<50 % FPL),
while Asian children were over-represented in the above
poverty group (>100 % to <185 % FPL). There was minimal
variation in average family size (~ four people) across fam-
ily income groups. As for neighbourhood characteristics,
the overwhelming majority of children lived in neighbour-
hoods where more than 40 % of residents had higher than a
high school education and were non-White, regardless of
family income. As for neighbourhood poverty, boys and
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Table 1 Characteristics of the sample of WIC-participating children in Los Angeles County (2003—2016) by family income strata, sex and food package type (old v. new)

Very low income (<50% FPL) Low income (50-100% FPL) Above poverty (>100% to <185%FPL)
Boys Girls Boys Girls Boys Girls
(0][s) New Old New Old New Old New Old New Oold New
package package package package package package package package package package package package

(n5433)  (n5433)  (n5294)  (n5294) (n10520) (n10520) (n10208) (n10208)  (n4177)  (n4177)  (n4121)  (n4121)

n % n % n % n % n % n % n % n % n % n % n % n %

Individual and family level characteristics

Initial WLZ
Mean 0-47 0-47 0-44 0-44 0-46 0-46 0-46 0-45 0-39 0-39 0-36 0-35
SD 1.16 1-16 1.12 111 117 117 112 111 1.15 115 1.08 1.08
Obese at last visit* 1410 26-0 1225 226 1116 21.1 1025 194 2652 252 2285 21.7 2148 211 2008 197 1022 245 858 20-5 837 203 740 18.0
Race/ethnicityt
Asian 63 1.2 63 1.2 78 1.5 78 1.5 243 23 243 23 229 22 229 22 189 45 189 45 180 44 180 44
Black 478 88 478 8.8 467 88 467 88 272 26 272 26 269 26 269 26 94 23 94 2.3 98 24 98 24
Hispanic 4785 88-1 4785 88-1 4663 88-1 4663 881 9823 934 9823 934 9533 934 9533 934 3783 90-6 3783 90-6 3738 90-7 3738 907
White 103 19 103 1.9 83 16 83 16 172 16 172 16 168 1.7 168 1.7 108 26 108 26 105 26 105 26
Other 4 01 4 01 3 01 3 01 10 01 10 01 7 01 7 01 3 01 3 01 0 00 0 0o
Maternal languaget
English 2722 50-1 2722 501 2634 49-8 2634 498 3268 311 3268 31-1 3219 315 3219 315 2098 50-2 2098 502 1949 47.3 1949 47.3
Spanish 2678 49-3 2678 49-3 2618 495 2618 495 7103 675 7103 675 6854 672 6854 672 1994 47.7 1994 47.7 2099 509 2099 509
Other 33 06 33 06 42 08 42 08 149 14 149 14 133 1.3 133 1.3 85 20 85 2.0 73 1.8 73 18

Maternal educationt
< High school 3446 63-4 3446 634 3411 644 3411 644 6239 59-3 6239 59-3 6091 597 6091 597 1785 42.7 1785 42.7 1812 44.0 1812 44.0

High school 1600 295 1600 295 1533 29-0 1533 290 3327 31.6 3327 316 3162 31.0 3162 31-0 1674 401 1674 401 1650 40-0 1650 40-0
> High school 387 71 387 71 350 66 350 66 954 91 954 91 953 93 953 93 718 172 718 172 659 160 659 16-0
Family size

Mean 3-96 4.07 398 4-09 419 420 419 421 3-92 3-94 3-94 3:95
SD 1-63 1.60 1.66 1-68 1.24 1.21 1.25 1.22 1.16 119 1.18 1-21

Neighbourhood-level characteristicst
Percentage poverty

<20% 2156 397 1517 279 2091 395 1431 270 4372 416 3040 289 4370 42.8 2949 289 2203 527 1651 395 2090 50-7 1681 40-8

20-40 % 2766 509 3093 569 2687 50-8 3005 56-8 5394 513 6135 583 5079 46-8 5914 58.0 1777 425 2209 529 1886 458 2116 514

>40% 511 94 823 152 516 98 858 162 754 72 1345 128 757 74 1343 13- 197 47 317 76 145 35 324 79
Percentage high school grads

<20% 9 02 2 00 8 02 1 00 20 02 0 00 23 03 2 00 9 02 1 00 7 02 0 00

20-40 % 732 135 496 91 788 149 495 94 1412 134 941 89 1360 13-3 989 97 392 94 246 59 425 103 266 65

>40% 4692 86-4 4935 90-8 4498 850 4798 906 9088 864 9579 91-1 8820 86- 9215 90-3 3776 904 3930 94-1 3689 895 3855 93-
Percentage non-White

<20% 7 01 3 01 4 01 4 01 22 02 2 002 15 02 6 01 18 04 6 01 8 02 6 02

20-40 % 53 1.0 47 09 44 08 31 06 135 1.3 139 1.3 123 1.2 129 1.3 70 1.7 69 1.7 61 1.5 83 20

>40% 5373 989 5383 99-1 5246 99-1 5259 99-3 10363 985 10379 987 10065 98-6 10071 987 4089 979 4102 982 4052 98-3 4032 97-

WIC, Special Supplemental Nutrition Program for Women, Infants and Children; FPL, federal poverty level; WLZ, weight-for-length z-score.
*Measured.

1Self-reported.

$Obtained from the American Community Survey.
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Table 2 Risk ratios (RR) for the association between the 2009 WIC food package change and obesity at age 4 years by family income among a
matched sample of WIC-participating children in Los Angeles County, 20032016 (n 79 502)

Boys Girls
RR 95% Cl Interaction P RR 95 % Cl Interaction P
Very low income (<50 % FPL)
New food package 0-85 0-79, 0-92 0-71 0-88 0-81,0-96 0-28
Old food package 1-00 1-00
Low income (50—100 % FPL)
New food package 0-87 0-82, 0-91 Ref. 0-93 0-88, 0-99 Ref.
Old food package 1-00 1-00
Above poverty (> 100 % to < 185 % FPL)
New food package 0-82 0-76, 0-88 0-16 0-88 0-81, 0-95 0-22
Old food package 1.00 1.00

WIC, Special Supplemental Nutrition Program for Women, Infants and Children; FPL, federal poverty level.

Table 3 Effect modification of the association between the 2009 WIC package change and obesity at age 4 years by family income and
neighbourhood poverty

Neighbourhood Neighbourhood Neighbourhood
poverty poverty poverty
prevalence 10 % prevalence 30 % prevalence 50 %
Household income Food package RR 95 % ClI RR 95% Cl RR 95% ClI P
Boys
Very low (<50 % FPL) New 091 0-80,1-03 084 0.78,091 078 066,092 0-23"
Old 1 1 1 0-83t
Low (50-100 % FPL) New 091 083,099 085 081,090 08 071,090 017"
Old 1 1 1 Ref.t
Above poverty (> 100 % to <185% FPL)  New 0-84 075,094 081 074,088 077 064,093 0-51*
Old 1 1 1 0-81t
Girls
Very low (<50 % FPL) New 092 080,106 088 080,09 083 069 1.00 047"
Old 1 1 1 0-671
Low (50—100 % FPL) New 094 086,104 093 087,099 092 080105 079"
Old 1 1 1 Ref.t
Above poverty (> 100—-< 185 % FPL) New 0-88 0.78,0.99 088 0.80,0.97 088 0.72,1.09 0.99"
Old 1 1 1 0-87t

WIC, Special Supplemental Nutrition Program for Women, Infants and Children; FPL, federal poverty level; RR, relative risk.
*P-value for the interaction between WIC package and tract percentage poverty in the specified family income stratum.
1P-value for the comparison of the interactions between WIC package and neighbourhood poverty between family income levels (reference = low income [50—-100% FPL]).

girls with family incomes <50 % FPL were more likely to
live in neighbourhoods where more than 40 % of residents
lived in poverty. In addition, the proportion of children liv-
ing in neighbourhoods where more than 40 % of residents
lived in poverty was higher for those receiving the new
food package, compared with the old, and this was true
across all levels of family income.

The new WIC food package was associated with a lower
obesity risk at age 4 years for both boys and girls across all
family income groups (Table 2). For boys, the new pack-
age was associated with reductions in obesity risk ranging
from 13 to 18 %; for girls, reductions ranged from 7 to 12 %.
The association between the new WIC food package and
obesity was not modified by family income (interaction
P-values > 0-05).

Table 3 displays the results of the Poisson regression
models predicting obesity risk by WIC food package,
including interactions between family income and neigh-
bourhood poverty. Neighbourhood poverty did not

9/10.1017/51368980020005200 Published online by Cambridge University Press

significantly modify the association between the new
WIC food package and obesity across family income
groups (all interaction P-values>0-05). However, we
observed variations in the strength of the association
between the new food package and obesity for some
sub-groups. Boys living in census tracts in which half of res-
idents lived in poverty, regardless of family income, expe-
rienced the largest obesity risk reduction when receiving
the new food package compared with the old (20-23 %).
Onthe other hand, girlsliving in the same type of neighbour-
hoods (i.e., with 50 % of residents living in poverty), regard-
less of family income level, did not experience a significant
reduction in obesity risk when receiving the new food pack-
age, compared with the old.

Discussion

The goal of the current study was to investigate if a previ-
ously identified association between the new WIC food
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package and reduced obesity risk among WIC-participating
children in Los Angeles County applies to all children
regardless of their family income and the poverty level of
their neighbourhoods of residence. We hypothesised that
children living in the poorest households would benefit the
most from the WIC food package change in terms of obesity
risk, particularly those living in the poorest neighbour-
hoods. We only found partial support for this hypothesis.
Neither family income nor neighbourhood poverty signifi-
cantly modified the association between the new WIC food
package and obesity risk. However, boys living in the poorest
households had a modestly larger obesity risk reduction
(18 %) compared with boys living in less poor households
(13-15%) when they received the new food package
v. the old. For girls, those living in the poorest households
(<50 % FPL) and in households above poverty experienced
the same level of obesity risk reduction at 12% if they
received the new food package, compared with the old. In
other words, both boys and girls whose families had
incomes between 50 and 100 % FPL experienced the smallest
obesity risk reductions associated with the new food package
receipt compared with the other sub-groups analysed.
While no previous studies have examined the moderat-
ing role of family income in the relationship between the
WIC food package and child obesity risk, there is evidence
that the effects of childhood obesity interventions may vary
by family income'®. The Healthy Living Cambridge Kids
intervention, for example, used community- and school-
wide approaches to encourage healthy eating and physical
activity among kindergarten students in Cambridge, MA1®.
After a 3-year intervention — which in schools included the
introduction of gardens, cooking classes, nutrition educa-
tion, improved recipes for school lunches and expanded
physical education — BMI z-score and obesity prevalence
significantly decreased among children in higher income
households only™>. On the other hand, an obesity treat-
ment intervention among 2-6-year-olds in ten paediatric
clinics in Massachusetts found positive intervention effects
(i.e., reduced BMI) only among children living in low-
income households!'”. In their systematic review of
factors that modify (i.e., moderators or effect modifiers)
school-based energy-balance interventions, Yildirim et
al"? found that household socio-economic status did
not significantly modify the effect of such interventions,
though it was not an often-studied moderator. McGill
et al."® conducted a systematic review focused on determin-
ing if interventions promoting healthy eating were equally
effective across the socio-economic spectrum. They found
that ‘price’ interventions (including food taxation, food
subsidies or other economic incentives) were more effective
at improving healthy eating outcomes among low-income
households, whereas ‘person’ interventions (focused
primarily on nutrition education) were more beneficial as
household income increased™®. These observations are
not surprising given that family income has been shown to

0.1017/51368980020005200 Published online by Cambridge University Press
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play an important role in the causal mechanisms by which
social factors influence health®,

As for neighbourhood poverty, we hypothesised that
children living in the poorest neighbourhoods would benefit
the most in terms of obesity risk reduction after the WIC food
package change. This hypothesis is based on multiple
reports that the new WIC food package has improved the
neighbourhood food environment, as in response to the
WIC food package change, food stores stocked more fresh
produce and whole grains®. Similarly, there is evidence that
stores in the poorest neighbourhoods, which are often
convenience stores selling mostly high-fat, high-sugar foods,
improved the most to be able to keep their WIC
authorisation®”. Further, there have been several large
initiatives established in Los Angeles County to support
changes in the food environment, such as the Healthy
Eating and Active Communities initiative funded by the
California Endowment®” and the Healthy Eating and
Active Living initiative funded by Kaiser Permanente®?.
While neighbourhood poverty did not significantly modify
the association between the new WIC food package and
obesity, we found that boys, but not gitls, living in neigh-
bourhoods with 50% poverty experienced the largest
obesity risk reductions (20-23 %) when receiving the new
food package compared with the old. This is not the first time
we have reported sex patterning of our results’?; reasons
for this and previously identified sex differences could not
be fully explained with the available data and thus warrant
further study. Previous studies do support the notion that
neighbourhoods may affect boys and girls differently, with
the effects varying based on the neighbourhood character-
istics and the outcomes under study??.

The current study has several strengths and limitations.
Strengths include the use of a well-characterised sample,
including children who participated in WIC between
2003 and 2016. Sample matching was used to minimise
the impact of secular trends and confounding, as the char-
acteristics of WIC-participating families have changed over
time and other larger changes (e.g., Great Recession)
occurred in the studied time frame. The Great Recession
may explain why WIC participants were more likely to live
in poorer neighbourhoods after the WIC food package
change compared with before; however, we are unable
to test this hypothesis given our data. Sample matching
reduced our sample size and thus our power to detect asso-
ciations. Our sample was predominantly Hispanic, given
that we restricted our sample to children who participated
in WIC from birth until their fifth birthday and Hispanic
families are more likely to participate in WIC for longer.
Thus, our results may not be generalisable to other WIC
populations unless they are also largely composed of
Hispanics. Moreover, our study did not involve randomisa-
tion or a control group of WIC-eligible, non-participating
children, so our results cannot be interpreted as causal.
It is important to point out, though, that WIC in Los
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Angeles County currently reaches over half of all children
1-5years®, so finding a control group of children who
have never been in WIC is extremely difficult.

Conclusions

The new WIC food package was associated with lower child
obesity risk across families in all low-income strata. Neither
family income nor neighbourhood poverty significantly modi-
fied the association between the new WIC food package
and obesity risk among WIC-participating children in Los
Angeles County. The current study adds to the mounting
evidence of the beneficial impacts of the current WIC food
package on dietary behaviours and obesity-related
outcomes. Implementation of further changes to the WIC food
package as recommended by an expert panel in 20172 —
including additional cash value for fruits and vegetables;
further reductions of juice, milk and peanut butter; and
reduction in amounts of jarred infant food - should be
prioritised in order to maximise the health benefits of WIC
participation.
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