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Abstract

Objective: The present research aimed to compare historic participation in the
US National School Lunch Program (NSLP) during childhood and subsequent
prevalence of overweight and obesity among adults at the population level.
Design: Regression models examined cross-sectional, state- and age-based panel
data constructed from multiple sources, including the Behavioural Risk Factor
Surveillance System, US Congressional Record, US Census and the US Depart-
ment of Agriculture. Models controlled for cohorts’ racial/ethnic composition and
state poverty rates.
Subjects: Adult-age cohorts (18–34, 35–49, 50–64 and 18–64 years) by US state
over a 25-year period (1984–2008).
Setting: The cohorts’ prevalence of overweight and obesity was compared with
the cohorts’ estimated NSLP participation during schooling (1925–2007; the NSLP
began in 1946).
Results: Among adults aged 18–64 years, a one percentage-point increase
in estimated NSLP participation during schooling between 1925 and 2007 was
significantly associated with a 0?29 percentage-point increase in the cohort’s later
prevalence of overweight and obesity. Analysis of narrower age cohorts and
different schooling periods produced mixed results.
Conclusions: The NSLP might have influenced population health historically.
Longitudinal analysis of individuals from studies now underway will likely
facilitate more robust conclusions about the NSLP’s long-term health impact
based on more recent experiences.
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Since 1946, the US National School Lunch Program

(NSLP) has provided federal funding to states for school

lunches and specified the general nutrition content of

those lunches(1). At least 94 % of schools now participate

and over 200 billion NSLP lunches have been served(2,3).

Any child at a participating school can purchase

an NSLP lunch, although the programme also plays a

critical role in delivering food assistance to low-income

children by providing means-tested reduced- and no-cost

lunches. Unfortunately, US Department of Agriculture

(USDA) assessments have indicated persistently high

average sodium, fat, saturated fat and energy content in

NSLP lunches(4–6). In 2004–5, a nationwide assessment

commissioned by the USDA estimated that just 4–7 %

of schools complied with all NSLP nutrition standards(6).

In 2009–10, a subsequent assessment indicated overall

nutrition improvements; however, under half of elemen-

tary schools and less than one-quarter of secondary

schools at the time of the evaluation were serving lunches

that would meet new energy ceilings (implemented

in 2012)(7).

Such evidence has motivated extensive research into a

link between school-based child nutrition programmes

and child overweight and obesity, which has yielded

mixed conclusions(8–14). Notably, two recent studies

(using the same data set, the Early Childhood Longitudinal

Study) applied advanced econometric techniques to

longitudinal, individual-level observational data and both

concluded that school lunches contributed to increased

student weight between kindergarten and grade 5(13,14).

A third study examined only low-income children in the

same data set and reported significantly greater BMI rate

of change among girls, but not boys, participating in the

NSLP compared with non-participants from kindergarten

to 8th grade, although no significant difference in girls’

mean BMI(15). Just one study appears to have investigated

the NSLP’s long-term health impact at the population

level; that study examined adult BMI from 1976 to 1980

and reported no discernible impact based on estimated

NSLP participation(16).y Author’s affiliation at the time of the research.
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Additional investigation of the NSLP’s historic long-term

population health impact may be merited. The NSLP’s

history spans a full reversal of public health efforts with

respect to food consumption, from an emphasis on

reducing malnutrition in the post-World War II era to

a modern emphasis on reducing overweight and

obesity(17). In addition to its aim to alleviate hunger and

malnutrition, the NSLP also aims to ‘encourage the

domestic consumption of nutritious agricultural com-

modities and other food’(1). Some official statements from

the programme’s early years suggest an expectation that

the NSLP could increase population food consumption.

For example, in 1948, the USDA Administrator testified

that given the higher food content of an NSLP lunch

compared with the typical packed lunch, the programme

‘is a significant contribution to the ‘‘floor under con-

sumption’’ which is so important to the stability of our

agricultural economy’(18). Nutrition guidelines for NSLP

lunches that dictated minimum food content were not

changed substantially until 1995, when school meals were

required to comply with the USDA’s Dietary Guidelines

for Americans (first issued in 1980)(4). Attention to the

NSLP’s nutrition performance has increased substantially

in recent years and as of the 2012–13 school year, new

NSLP rules include maximum energy content, as well as

more fruits, vegetables, low-fat milk and whole grains(19).

The present research aimed to investigate whether there

was a historic association between participation in the NSLP

during childhood and subsequent prevalence of over-

weight and obesity among adults at the population level,

among adult-age cohorts, by US state. The research used

publicly available data and involved no human subjects.

Methods

The analytic data set consisted of information compiled

from a number of sources: the Behavioural Risk Factor

Surveillance System (BRFSS) survey (www.cdc.gov/

BRFSS), US Congressional Record, US Census and the

USDA. Regression models examined state-based adult-

age cohorts’ BMI from 1984 to 2008 compared with the

cohorts’ estimated NSLP participation during schooling.

Health data

BRFSS self-reported data on age, weight and height from

1984 to 2008 were used to estimate the prevalence of

overweight and obesity (indicated by BMI $25 kg/m2(20))

among adult-age cohorts by state (see Appendix). Not all

US states participated in the BRFSS annually over the

observation period; however, each state contributed at

least 15 years of data to this analysis, and just ten states

contributed less than 20 years of data. After excluding

outliers (weight .500 lb (.226?8 kg) and height .8 ft

(.2?44 m)), the average number of adults aged 18–64

years contributing data for the estimates of overweight

and obesity prevalence derived for the present analysis

ranged from 675 (range: 382–1245) adults per state in

1984 to 5596 (range: 2288–15 843) in 2008, with .3million

observations in total from 1984 to 2008. The research

examined aggregated adult-age cohorts of 18–34 years,

35–49 years, 50–64 years and 18–64 years by US state and

included a total of 1064 state-cohort observations from

1984 to 2008. Table 1 reports summary statistics.

National School Lunch Program

participation data

The number of students participating in the NSLP

annually in each state from 1946 to 2007 was obtained

from the US Congressional Record (1946–1988)(18) and

the USDA Food and Nutrition Service (1989–2007)(21).

For example, in 1947, 1948 and 1949 in Montana the

Congressional Record reported that 19 395 children,

20 063 children and 22 707 children ate NSLP lunches,

respectively, based on monthly average participation

data. Annual participation data for all states were missing

for five years (1952, 1959, 1966, 1967 and 1976) from the

US Congressional Record. Participation for those years

was interpolated linearly from adjacent years for each state.

Population estimates data

US Census data from 1920 to 2008 provided population

estimates by age and state, which were used in combina-

tion with NSLP participation data to estimate the percentage

of the school-aged (5–17 years) population that partici-

pated in the NSLP in each state from 1946 to 2007(22) (see

Appendix). Due to incomplete data on Alaska, Hawaii

and Washington, DC in historic US Census sources,

these areas were not included in the analysis. US Census

data were used to estimate the racial/ethnic composition

of the state-based adult cohorts under analysis and the

percentage of people in poverty by state.

Cohort framework

Adult cohorts of different ages and in different states

participated in the NSLP at different rates during child-

hood. For example, in one state 30 % of children may

have participated in the NSLP in a given year, while in

another state the rate may have been 55 %. The analysis

assigned a state- and age-specific NSLP participation rate

to each adult state-cohort in 1984–2008 based the

assumption that those adults attended school from age

5 to 17 years in the same state in which they resided as

adults. A similar approach was used in a previous

study(16), although this assumption is a limitation. No

relevant data were available to compare state of adult

residence with state of schooling. US Census estimates of

geographic mobility revealed a relatively high proportion

of the adult population living in the state of birth for each

Census from 1920 (67 %) to 2000 (60 %)(23).

The analysis examined fixed age cohorts over time

(18–64-year-olds in 1984, 1985, etc.) as opposed to a
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longitudinal analysis (18–64-year-olds in 1984, 19–65-year-

olds in 1985, etc.), owing to available historic data. Adults

in the oldest age cohort observed in the present analysis

(age 50–64 years) were in school from 1925 to 1975, while

adults in the youngest age cohort (age 18–34 years) were

in school from 1955 to 2007. Therefore, the cohort

structure captured variation not only in adult ages, but

also different periods in school (i.e. exposed to the NSLP).

An example of the cohort framework is as follows.

Individuals aged 64 years in 1984 were assumed to have

been born in 1920 and enrolled in school from 1925 to 1937,

and therefore were assigned ‘0%’ NSLP participation (the

programme did not begin until 1946). Individuals aged 50

years in 1984 were assumed to have been born in 1934 and

enrolled in school from 1939 to 1951, and therefore were

assigned state- and age-specific estimated NSLP participa-

tion. Each state-cohort’s estimated NSLP participation was

calculated in three stages (see Appendix). Table 1 reports

summary statistics. Figure 1 depicts estimated annual aver-

age NSLP participation rates for each age cohort.

Statistical analysis

Statistical analysis was performed using the Stata 10 sta-

tistical software package. The dependent variables of

interest were repeated cross-sectional observations

(panels) of state-cohorts’ prevalence of overweight and

obesity from 1984 to 2008. The independent variables of

interest were the state-cohorts’ estimated NSLP partici-

pation rates during schooling from 1925 to 2007. The

analysis controlled for the state-cohorts’ racial/ethnic

composition and the percentage of people in poverty

based on US Census data during the analysis years

(1984–2008)(24–27). The models included state and year

fixed effects – equivalent to assigning a dummy variable

for each state and year to account for any constant state-

specific and year-specific characteristics – and state-level

clustered standard errors to account for repeated obser-

vations of the same states in the data set. The use of a

fixed-effects model was supported empirically by a

Hausmann test (P , 0?001).

Results

Among adults aged 18–64 years from 1984 to 2008 (i.e. in

school between 1925 and 2007), a one percentage-point

increase in estimated NSLP participation during schooling

was significantly associated with a 0?29 percentage-point

increase in the cohort’s future prevalence of overweight

and obesity (P , 0?05; Table 2, column 1). Regression

results among cohorts aged 18–34 years (in school

between 1955 and 2007) and 35–49 years (in school

between 1940 and 1990) also estimated positive associa-

tions between NSLP participation and the cohorts’ future

overweight and obesity prevalence, although these results

were not statistically significant (Table 2, columns 2 and 3).T
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Among adults aged 50–64 years (in school between 1925

and 1975), a one percentage-point increase in estimated

NSLP participation was significantly associated with a 0?14

percentage-point increase in the cohort’s future prevalence

of overweight and obesity (P , 0?05; Table 2, column 4).

State poverty rates demonstrated a significant and positive

association with the cohorts’ prevalence of overweight and

obesity among adults aged 35–49 years over the observa-

tion period. The proportions of adults of black, Hispanic

and American Indian race/ethnicity among adult cohorts

aged 18–64 years, 18–34 years and 50–64 years were

significantly and positively associated with the cohorts’

prevalence of overweight and obesity. The proportion of

American Indians was also significantly associated with the

prevalence of overweight and obesity in the 50–64-year-

old cohort. The proportion of adults of Asian race/ethnicity

among the 18–34-year-old cohort was significantly and

negatively associated with the cohort’s prevalence of

overweight and obesity.

Discussion

A multivariable regression analysis of state-based adult

cohorts aged 18–64 years and 50–64 years during the

period 1984–2008 estimated a positive association between

the cohorts’ estimated NSLP participation during schooling

and subsequent overweight and obesity prevalence. This

association was not significant among state-based cohorts

aged 18–34 years and 35–49 years.

The present analysis examined a population outcome;

therefore, it is not possible to make inferences about the

impact of the NSLP at the individual level based on these

results. Another limitation is that the analysis did not

address cohorts’ participation in other child nutrition

programmes; the School Breakfast Program, for example,

was available beginning in 1966, although generally had

much lower participation than the NSLP(28). Another

limitation is that the analysis relied on self-reported

age, height and weight data from the BRFSS to estimate

the prevalence of overweight and obesity. The analysis

assessed limited covariates – only race/ethnicity and

poverty – that were potentially relevant to the cohorts’

overweight and obesity prevalence. The cohort construction

that was possible based on historic data simultaneously

captured variation in both cohort age (i.e. 18–34 years v.

50–64 years) and time in school (i.e. 1955–2007 v.

1925–1975), thus it is important to note that results for

the 18–64 years age cohort were not simply an average

of the estimates for the smaller cohorts. A major drawback

of the fixed cohort design was an inability to distinguish

NSLP participation by year of schooling with more

specificity.

The analysis was limited by a lack of consistent historic,

state-based data on factors, such as child poverty, that

might have influenced state-level average NSLP partici-

pation. It is also possible that states’ NSLP participation

might be endogenous in a model of subsequent adult

health outcomes. In such a situation, excluded instru-

ments can sometimes improve model estimates of

observational data. Two variables that recent research has

shown to be associated with NSLP participation(29–33) –

the percentage of free and reduced-price lunches served

and female labour force participation – for which relevant

historic data were available were tested as excluded

instruments, although both were insufficiently empirically

correlated with historic NSLP participation to be used as

instruments.
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This historic, population-level observational analysis

controlled for fixed trends in time and location, as well as

poverty and race/ethnicity, and estimated that state-based

adult cohorts’ NSLP participation during childhood

between 1946 and 2007 was associated with the cohorts’

future prevalence of overweight and obesity for some age

cohorts. Due to the time period under consideration, the

analysis did not account for the impact of important NSLP

nutrition improvements – perhaps related to state and

federal legislation – in recent years. A population-level

analysis is a blunt instrument to assess adult health out-

comes associated with a childhood experience. Despite

drawbacks, the present research appears to be the first

to examine a potential historic association between

NSLP participation and subsequent adult health while

accounting for programme participation over many

decades. Future research might employ more complex

modelling techniques to overcome the drawbacks of

observational data with such an approach. But given

the limitations of population-level analyses, it is more

likely that individual-level longitudinal data now being

collected – for example, through the Early Childhood

Longitudinal Study – will provide the best opportunities

for robust analysis with respect to the question of the

NSLP’s long-term heath impact in more recent times.

Acknowledgements

Sources of funding: This research received no specific grant

from any funding agency in the public, commercial or not-

for-profit sectors. Conflicts of interest: There are no financial

or personal conflicts of interest. Ethics: Ethical approval was

not required. Authorship: C.P. designed and conducted the

analysis and drafted and revised the manuscript.

References

1. US Congress (1946) Richard B. Russell National School
Lunch Act, 79 P.L. 396, 60 Stat. 230.

2. US Department of Agriculture, Food and Nutrition Service
(2011) National School Lunch Program Factsheet. http://
www.fns.usda.gov/cnd/lunch/ (accessed September 2012).

3. Ralston K, Newman C, Clauson A et al. (2008) The National
School Lunch Program Background, Trends, and Issues.
Economic Research Report no. ERR-61. Washington, DC: US
Department of Agriculture, Economic Research Service.

4. Dwyer J (1995) The school nutrition dietary assessment
study. Am J Clin Nutr 61, 1 Suppl., 173S–177S.

5. Fox MK, Crepinsek MK, Connor P et al. (2001) School
Nutrition Dietary Assessment Study II. Report no. CN-01-
SNDAIIFR. Alexandria, VA: US Department of Agriculture,
Food and Nutrition Service, Office of Analysis, Nutrition
and Evaluation.

6. Gordon AR, Crepinsek MK, Nogles R et al. (2007) School
Nutrition Dietary Assessment Study III. Report no. CN-07-
SNDA-III. Alexandria, VA: US Department of Agriculture.

7. Mathematica Policy Research (2013) New Data on the
Nutritional Quality of School Lunches. http://www.
mathematica-mpr.com/publications/pdfs/nutrition/SNDA_
factsheet.pdf (accessed November 2013).T

a
b

le
2

R
e
g
re

ss
io

n
re

s
u
lts

e
x
a
m

in
in

g
p
a
rt

ic
ip

a
tio

n
in

th
e

N
a
ti
o
n
a
lS

ch
o
o
lL

u
n
c
h

P
ro

g
ra

m
(N

S
L
P

)
d
u
ri
n
g

c
h
ild

h
o
o
d

a
n
d

s
u
b
s
e
q
u
e
n
t
p
re

v
a
le

n
c
e

o
f
o
v
e
rw

e
ig

h
t
a
n
d

o
b
e
si

ty
a
m

o
n
g

a
d
u
lt
s

a
t
th

e
p
o
p
u
la

ti
o
n

le
v
e
l,

a
ll

U
S

s
ta

te
s

(1
9
8
4
–
2
0
0
8
)

C
o
h
o
rt

a
g
e

in
1
9
8
4
–
2
0
0
8

(c
o
h
o
rt

y
e
a
rs

in
s
c
h
o
o
l,

a
g
e

5
–
1
7

y
e
a
rs

)

1
8
–
6
4

y
e
a
rs

1
8
–
3
4

y
e
a
rs

3
5
–
4
9

y
e
a
rs

5
0
–
6
4

y
e
a
rs

(1
9
2
5
–
2
0
0
7
)

(1
9
5
5
–
2
0
0
7
)

(1
9
4
0
–
1
9
9
0
)

(1
9
2
5
–
1
9
7
5
)

b
S

ta
te

-l
e
v
e
l

c
lu

s
te

re
d

S
E

U
n
c
lu

s
te

re
d

S
E

b
S

ta
te

-l
e
v
e
l

c
lu

s
te

re
d

S
E

U
n
c
lu

s
te

re
d

S
E

b
S

ta
te

-l
e
v
e
l

c
lu

s
te

re
d

S
E

U
n
c
lu

s
te

re
d

S
E

b
S

ta
te

-l
e
v
e
l

c
lu

s
te

re
d

S
E

U
n
c
lu

s
te

re
d

S
E

E
st

im
a
te

d
N

S
L
P

p
a
rt

ic
ip

a
ti
o
n

0
?2

9
3
*

0
?0

9
0

0
?0

4
9
**

*
0

?0
8
1

0
?0

8
0

0
?0

5
0

0
?0

4
5

0
?0

4
0

0
?0

3
2

0
?1

4
1
*

0
?0

4
9

0
?0

2
8
**

*
S

ta
te

p
o
v
e
rt

y
ra

te
2

0
?0

5
9

0
?0

3
7

0
?0

3
3

2
0

?0
6
6

0
?0

5
3

0
?0

4
3

2
0

?0
8
7

0
?0

5
4

0
?0

4
6

( *)
2

0
?0

7
6

0
?0

5
6

0
?0

5
1

R
a
c
e
/e

th
n
ic

ity
B

la
c
k

0
?3

5
8
*

0
?1

3
9

0
?1

1
5
*

0
?3

5
6

( *)
0

?2
0
1

0
?1

2
9
*

0
?5

9
5
*

0
?1

6
5

0
?1

2
8
**

*
0

?2
4
8

0
?2

0
1

0
?1

4
3

( *)

A
m

e
ri
c
a
n

In
d
ia

n
0

?8
0
4

0
?6

9
8

0
?3

3
0
*

0
?6

9
5

0
?4

8
7

0
?2

7
4
*

1
?5

2
9
*

0
?4

4
2

0
?3

8
9
**

*
1

?2
4
7

1
?4

2
1

0
?7

5
3

( *)

A
s
ia

n
/P

a
c
ifi

c
Is

la
n
d
e
r

2
0

?0
1
7

0
?1

5
1

0
?3

3
8

2
0

?5
6
8
*

0
?2

6
8

0
?1

5
6
**

*
2

0
?2

8
8

0
?3

3
9

0
?2

1
2

0
?0

5
9

0
?4

6
2

0
?2

7
1

H
is

p
a
n
ic

0
?2

1
3
*

0
?1

0
1

0
?0

5
6
**

*
0

?1
4
6

( *)
0

?0
8
0

0
?0

8
0

( *)
0

?3
0
0
*

0
?0

8
2

0
?0

6
5
**

*
0

?2
9
0

0
?3

3
1

0
?1

9
8

D
e
p
e
n
d
e
n
t

v
a
ri
a
b
le

:
s
ta

te
-c

o
h
o
rt

p
re

v
a
le

n
c
e

o
f

o
v
e
rw

e
ig

h
t

a
n
d

o
b
e
s
it
y
,

1
9
8
4
–
2
0
0
8
.

R
e
s
u
lt
s

a
re

b
,

s
ta

te
-l
e
v
e
l
c
lu

s
te

re
d

S
E

a
n
d

u
n
c
lu

s
te

re
d

S
E
.

A
ll

p
a
ra

m
e
te

rs
(i
n
c
lu

d
in

g
d
e
p
e
n
d
e
n
t

v
a
ri
a
b
le

)
re

p
re

s
e
n
t

p
e
rc

e
n
ta

g
e
s
.

n
1
0
6
4

s
ta

te
-c

o
h
o
rt

o
b
s
e
rv

a
ti
o
n
s

fo
r

a
ll

m
o
d
e
ls

;
e
x
c
lu

d
e
s

H
a
w

a
ii,

A
la

s
k
a

a
n
d

W
a
s
h
in

g
to

n
,

D
C

.
A

ll
m

o
d
e
ls

in
c
lu

d
e
d

fi
x
e
d

s
ta

te
e
ff

e
c
ts

a
n
d

ti
m

e
d
u
m

m
ie

s
.

( *) P
,

0
?1

0
,

*P
,

0
?0

5
,

**
*P

,
0

?0
0
1
.

Historic population health impact of the NSLP 2787

https://doi.org/10.1017/S1368980013003200 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980013003200


8. Jones SJ, Jahns L, Laraia BA et al. (2003) Lower risk of
overweight in school-aged food insecure girls who
participate in food assistance: results from the panel study
of income dynamics child development supplement. Arch
Pediatr Adolesc Med 157, 780–784.

9. Hofferth SL & Curtin S (2005) Poverty, food programs,
and childhood obesity. J Policy Anal Manage 24, 703–726.

10. Bhattacharya J, Currie J & Haider S (2006) Breakfast
of champions? The school breakfast program and the
nutrition of children and families. J Hum Resour XLI,
445–466.

11. Gleason P & Dodd A (2009) School breakfast program but
not school lunch program participation is associated with
lower body mass index. J Am Diet Assoc 109, 2 Suppl.,
S118–S128.

12. Li J & Hooker NH (2010) Childhood obesity and schools:
evidence from the National Survey of Children’s Health.
J Sch Health 80, 96–103.

13. Schanzenbach D (2009) Do school lunches contribute to
childhood obesity? J Hum Resour 44, 684–709.

14. Millimet D, Tchernis R & Hussain M (2010) School nutrition
programs and the incidence of childhood obesity. J Hum
Resour 45, 640–654.

15. Hernandez DC, Francis LA & Doyle EA (2011) National
School Lunch Program participation and sex differences in
body mass index trajectories of children from low-income
families. Arch Pediatr Adolesc Med 165, 346–353.

16. Hinrichs P (2010) The effects of the National School Lunch
Program on education and health. J Policy Anal Manage
29, 479–505.

17. Levine S (2008) School Lunch Politics: The Surprising
History of America’s Favorite Welfare Program. Princeton,
NJ: Princeton University Press.

18. US Congress (various years) Congressional Committee
Hearings, House of Representatives, Committee on Agricul-
ture (SUDOC: Y4.Ap6/1 AG8). Washington, DC: Government
Printing Office.

19. US Department of Agriculture, Food and Nutrition
Service (2012) Nutrition standards in the National School
Lunch and School Breakfast Programs. Fed Reg 77,
4088–4167.

20. Centers for Disease Control and Prevention (2011) About
BMI for Adults. http://www.cdc.gov/healthyweight/assessing/
bmi/adult_BMI/index.html (accessed April 2011).

21. US Department of Agriculture, Food and Nutrition Service
(2011) National School Lunch Program: participation and
lunches served. http://www.fns.usda.gov/pd/slsummar.htm
(accessed April 2011).

22. Population data (various years) Retrieved from the US
Census Bureau website (http://www.census.gov/popest/
estimates.html), the Missouri Census Data Center (http://
mcdc.missouri.edu/applications/uexplore.shtml), the National
Historical Geographic Information System from the University
of Minnesota Population Center (https://www.nhgis.org/)
and the Cornell Institute for Social and Economic Research
data archive (http://ciser.cornell.edu/info/about.shtml) (all
accessed April 2011).

23. US Census Bureau (2005) Geographical mobility/migration
data. State of residence by state of birth: 1850–1970 [PC(2)-
2A], 1990, and 2000 [PHC-T-38]. http://www.census.gov/
population/ (accessed April 2011).

24. Paeratakul S, Lovejoy J, Ryan D et al. (2002) The relation of
gender, race and socioeconomic status to obesity and
obesity comorbidities in a sample of US adults. Int J Relat
Metab Disord 26, 1205–1210.

25. Cossrow N & Falkner B (2004) Race/ethnic issues in obesity
and obesity-related comorbidities. J Clin Endocrinol Metab
89, 2590–2594.

26. Centers for Disease Control and Prevention (2010) Vital
signs: state-specific obesity prevalence among adults – United
States, 2009. MMWR Morb Mortal Wkly Rep 59, 951–955.

27. Flegal KM, Carroll MD, Ogden CL et al. (2001) Prevalence
and trends in obesity among US adults, 1999–2008. JAMA
303, 235–241.

28. School Nutrition Association (2011) Program history &
data. http://www.schoolnutrition.org/Content.aspx?id51872
(accessed April 2011).

29. Akin JS, Guilkey DK, Popkin BM et al. (1983) The demand
for school lunches: an analysis of individual participation in
the school lunch program. J Hum Resour 18, 213–230.

30. Newman C & Ralston K (2006) Profiles of Participants in
the National School Lunch Program: Data from Two
National Surveys. Economic Information Bulletin no.
EIB-17. Washington, DC: US Department of Agriculture,
Economic Research Service.

31. Datar A & Nicosia N (2009) The Impact of Maternal Labor
Supply on Children’s School Meal Participation. Working
Paper WR-670 Prepared for the Economic Research Service,
US Department of Agriculture. Santa Monica, CA: RAND
Corporation.

32. Mirtcheva DM & Powell LM (2009) Participation in the National
School Lunch Program: importance of school-level and
neighborhood contextual factors. J Sch Health 79, 485–494.

33. Anderson PM, Butcher KF & Levine PB (2003) Maternal
employment and overweight children. J Health Econ 22,
477–504.

Appendix

BMI estimates

BMI and prevalence of overweight and obesity (OVOB) were calculated from Behavioural Risk Factor Surveillance

System (BRFSS) data (1984–2008) as:

BMI ¼
weight ðpoundsÞ

½height ðinchesÞ � height ðinchesÞ�
� 703

and

Prevalence OVOBst ¼
number of adults with BMI � 25 kg=m2 in state s in year t

number of adults in state s in year t
� 100%:
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Population estimates

> National estimates of the 5–17 years age group were available from US Census sources for each year from 1920 to 2008

and state-level estimates by age were available for all decennial Census years (1920, 1930, etc.). For intercensal years

for which annual population estimates by state for the 5–17 years age group were not available from Census sources,

estimates were achieved by using the Census’s annual national estimate for the age group and raking each state’s

proportion of the national population between the decennial Census years. For example, in the 1920 Census,

Alabama’s 5–17-year-old population accounted for an estimated 2?74 % of the national total population aged 5–17

years, while in the 1930 Census, Alabama’s 5–17-year-old population accounted for 2?56 % of the national total. A

linear interpolation was used to estimate the state’s percentage of the 5–17 years age group between the Census years

(i.e. in 1921, it was estimated that the state had an estimated 2?72 % of national population estimate for the age group;

in 1922, 2?70 %; in 1923, 2?68 %; etc.).
> For some Census years, clustered age groups were disaggregated to yield an estimate of the desired 5–17 years school-

age cohort. For example, in the 1920 Census, age group estimates by state were published for cohorts of 5–9 years,

10–14 years and 15–19 years. The 15–19 years age group was disaggregated to a 15–17 years age group based on the

assumption that each 1-year age group contributed the same proportion to the clustered cohort. The estimate of the

15–17 years age cohort was then summed with the other relevant cohort estimates to produce a total estimate of 5–17-

year-olds in each state.

National School Lunch Program participation estimates

Each adult-age cohort’s estimated National School Lunch Program (NSLP) participation by state was calculated in three

stages. First, an average annual NSLP participation rate was calculated for each state from 1946 to 2007. The annual

participation rate was the number of children participating in each state (reported in administrative sources) annually

divided by the school-age population (age 5–17 years) that year (estimated from US Census sources). The annual

participation rate in state s in year t was calculated as:

Annual NSLP participationst ¼
number of participants in state s in year t

school-age population ðage 5�17Þ in state s in year t
� 100%:

Second, total participation in the NSLP during schooling for 1-year adult-age cohorts by state and analysis observation

year (e.g. 55-year-olds in Montana in 1984 or 26-year-olds in Oklahoma in 2008) was calculated by taking an average of

estimated annual participation rates during the cohort’s 13 years in school, weighted by the size of the school-age cohort

in the state during each year of schooling to capture any cohort size changes that occurred during the cohort’s schooling

years. Years in school were identified by year of birth for each cohort; the year of birth for each 1-year adult cohort for

the analysis years (1984–2008) was identified using analysis year – cohort age, and the years of schooling were identified

using birth year 1 5 to birth year 1 17. Total participation in the NSLP during schooling for a cohort in state s born in year

b was calculated as a weighted average:

Total NSLP paticipationsb ¼

Pt ¼ bþ 17

t ¼ bþ 5

annual participationst � school-age population size ðage 5�17Þst

Pt ¼ bþ 17

t ¼ bþ 5

school-age population size ðage 5�17Þst

� 100%:

Third, a measure of cohort participation in the NSLP was calculated for the four aggregated adult-age cohorts

examined in the analysis (18–64 years, 18–34 years, 35–49 years, 50–64 years) in the observation years by state by taking

the average total participation for each contributing 1-year adult-age cohort calculated in the step above (e.g. 1-year age

cohorts of 18, 19, 20 years, and so on, that contributed to the 18–34 years cohort in each state), weighted by the size of

each contributing 1-year adult-age cohort in the state in the analysis observation years (1984–2008). Cohort participation

for adults in the cohort aged 18–64 years in state s in observation year t was calculated as a weighted average:

Cohort NSLP paticipationsb ¼

Pb¼ t � 18

b¼ t � 64

total participationsb � adult cohort population size ðage 18�64Þst

Pb¼t�18

b¼t�64

adult cohort population size ðage 18�64Þst

� 100%:
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