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ABSTRACT OF THE DISSERTATION 

 

Bridging the Gap between Food Safety and Quality:  

Context and Potential Effects of Chronic Disease on  

Foodborne Illness and Health Outcomes 

 

by 

 

Patricia Lynn Cummings 

Doctor of Philosophy in Epidemiology 

University of California, Los Angeles, 2014 

Professor Frank Sorvillo, Chair 

 

Although much has been documented about the foodborne pathogens Salmonella and 

Toxoplasma gondii and their respective mechanisms for causing acute disease, less is known 

about the burden these infections may place on certain populations and how chronic diseases 

contribute to these pathogens’ impact on morbidity and mortality – i.e., how co-occurring 

chronic conditions or their treatments, such as steroid use, might mediate or accelerate disease 

severity and the pathways that can lead to premature death. One hypothesized mechanism in this 

continuum between infectious and chronic disease is the alteration or weakening of the immune 

response by such conditions (or their treatment) as HIV, diabetes, malignancies, and a range of 

autoimmune disorders.  
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A series of research studies were conducted to examine the burden of toxoplasmosis and 

salmonellosis outcomes in the United States and how co-occurring chronic conditions or their 

treatments might influence disease severity (Chapters 1 and 2). In addition, an evaluation of an 

intervention that made improvements to the nutrient content of school meals to reduce chronic 

disease risk (obesity) among children in grades K-12 (Chapter 3) was performed to describe the 

emerging impact of food quality interventions in the school cafeteria setting. The latter 

population is considered particularly vulnerable to foodborne infections and developing obesity – 

an independent risk factor for many chronic diseases in adulthood, including diabetes and some 

forms of cancer. Chapter 1 presents an analysis of the U.S. Multiple Cause-of-Death dataset, 

which showed a decline in the number of toxoplasmosis deaths with an HIV co-diagnosis during 

2000-2010. However, in toxoplasmosis deaths without such a co-diagnosis, a decline was not 

observed. Chapter 2 presents a study using the U.S. Nationwide Inpatient Sample, which showed 

an increase in salmonellosis hospitalizations as well as costs. Positive associations were 

demonstrated between increased number of chronic conditions and four key hospitalization 

outcomes – in-hospital death, total charges, length of stay, and disease severity. Chapter 3 

presents a series of studies, which enumerated reductions in key nutrients such as calories, sugar, 

and sodium content in school meals after 5 school districts in the U.S. implemented healthy food 

procurement interventions in their cafeterias.  

Collectively, findings from this dissertation expand the current understanding of how 

foodborne illness outcomes can be affected by co-occurring chronic diseases, as well as 

demonstrates the substantial reach of nutrition interventions in the U.S. National School 

Breakfast and Lunch programs. These findings have important implications for national as well 

as local food policies and nutrition program planning.  
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Mortality, associated medical conditions, and productivity losses attributed to 

toxoplasmosis in the United States, 2000-2010. 

Abstract 

Background. Toxoplasma gondii is a well-known parasitic infection associated with HIV, but its 

status as the second most common foodborne illness is often overlooked. Few studies have 

quantified toxoplasmosis mortality and productivity losses in the U.S.  

Methods. We examined national multiple-cause-of-death data and estimated productivity losses 

due to toxoplasmosis during 2000-2010. Crude and age-standardized rates of disease mortality 

were calculated for sex, race and year. A matched case-control analysis examined associations 

between comorbid medical conditions and toxoplasmosis deaths. Productivity losses attributed to 

premature death from this infection were estimated using the human capital approach.  

Results. A total of 789 toxoplasmosis deaths were identified during the 11-year study period with 

an annual percent change of -11.7% (p<0.0001). Blacks and Hispanics had the highest 

toxoplasmosis mortality as compared to whites; age-adjusted rate ratios were 8.30 (95% 

confidence interval [CI], 7.32-9.42) and 3.52 (95% CI, 3.09-4.01), respectively. Several medical 

conditions were associated with toxoplasmosis deaths, including HIV (matched odds ratio 

[MOR]=27.7; 95% CI, 21.78-35.37), leukemia (MOR=3.1; 95% CI, 1.95-4.85), and connective 

tissue disorders (MOR=4.4; 95% CI, 2.68-7.24). The number of toxoplasmosis deaths with an 

HIV co-diagnosis declined from 2000 to 2010; those without such a co-diagnosis remained 

static. Cumulative disease-related productivity losses for the 11-year period were nearly $815 

million.  

Conclusions. Although toxoplasmosis mortality has declined in the last decade, the infection 

remains costly and is an important cause of preventable death among non-HIV subgroups.    
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Introduction 

Toxoplasmosis encephalitis is a highly recognized manifestation of Toxoplasma gondii infection 

associated with HIV/AIDS [1,2]. Yet, this protozoan zoonosis is underappreciated as the second 

most common cause of foodborne illness in the United States (U.S.) or as a preventable cause of 

other non-HIV disease [3].  

 

With an estimated seroprevalence of about 10-15% in the general U.S. population, the clinical 

presentation of toxoplasmosis varies among several subgroups [4,5], ranging from no symptoms 

in most individuals, to cerebral involvement and/or widespread disseminated disease in 

individuals with severe immune suppression [6]. A number of contributing factors including age, 

gender, underlying medical conditions, and strain of parasite affect this disease’s severity and 

clinical course [7,8]. For example, nearly one-third (30%) of all AIDS patients with 

seropositivity to this organism and who experienced CD4 counts below 100 cells/mm3 have 

developed reactivated toxoplasmosis, especially in the absence of effective prophylaxis [9]. In 

non-HIV immune suppression (e.g., from cancer chemotherapy, prolonged steroid treatment for 

connective tissue disorders, post-transplantation therapy, or poorly controlled diabetes), this 

disease risk is still substantial, but generally not as well-characterized in the literature [10-12].  

 

To contribute to this latter gap in the literature, we conducted a multi-part study using the 

national multiple cause-of-death (MCD) dataset from 2000 to 2010: (Part 1) quantification and 

trend analysis of toxoplasmosis mortality in the U.S.; (Part 2) a matched case-control analysis 

matching associated medical conditions to disease cases; and (Part 3) a cost analysis to 

enumerate the cumulative productivity losses attributed to premature death from this zoonosis 
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during the 11-year study period. The analysis complements emerging research showing 

disparities in the number of toxoplasmosis hospitalizations by HIV status [13].  

 

Methods 

Through the National Vital Statistics System, monitored by the U.S. Department of Health and 

Human Services and the Centers for Disease Control and Prevention, the National Center for 

Health Statistics (NCHS) collects and publishes data on deaths obtained from registration offices 

of all 50 states in the U.S., including the District of Columbia. The U.S. Standard Certificate of 

Death form is completed by a medical certifier, most often the attending physician or coroner, 

and includes demographic information such as age, sex, race/ethnicity, and all conditions that led 

to death (i.e., underlying and associated causes). The underlying cause of death is the disease or 

injury that initiated the chain of events leading directly to death, whereas the associated cause(s) 

are conditions other than the underlying cause listed on the death certificate, both in the sections 

for the sequence of events and for other contributing conditions. Underlying and associated 

conditions reported from 2000-2010 are listed on the death certificates in accordance with the 

International Classification of Diseases, 10th Revision (ICD-10) [14]. 

  

Study sample 

We examined toxoplasmosis mortality in the U.S. using MCD data for an 11-year period, 

starting from 2000 to 2010. Deaths from toxoplasmosis were defined as any observation either 

listed as the underlying cause or the associated cause of death, using the following ICD-10 

codes: B58-B58.3, B58.8, B58.9, and P37.1; these codes include the diagnosis of congenital 

toxoplasmosis. Mortality rates were calculated using bridged-race population approximations 
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from the NCHS [15]. Race bridging is a method used to make two different sets of race 

categories consistent with one another for estimation and comparison purposes. Age, sex, 

race/ethnicity, and year of death were included in these calculations, based on estimates from the 

U.S. Census Bureau for the 11-year period. Age at death was used to standardize and calculate 

age-specific rates and ratios, and to categorize decedent cases into the following groups: <1, 1-4, 

5-14, 15-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and ≥85 years. Race/ethnicity was 

categorized as white (non-Hispanic), Asian/Pacific Islander, black (non-Hispanic), Hispanic, and 

Native American (American Indian/Alaska Native). Due to changes in ICD coding in 1999 from 

the 9th version to the 10th version, we restricted our analysis to include only data from 2000 and 

onwards. Since this study relies on public, de-identified data on deceased individuals, it does not 

constitute research involving human subjects; this is in accordance with Title 45, part 45, of the 

Code of Federal Regulations [16]. 

 

Mortality and matched case-control analysis 

Population data for deriving mortality rates were obtained from the U.S. Census Bureau. 

Toxoplasmosis mortality rates per 100,000 population per year were calculated for the U.S. 

Crude rates of toxoplasmosis mortality and 95% confidence intervals (CIs) were computed by 

age, sex, race/ethnicity, year, and state of residence. Using the 2000 U.S. standard population, 

age-adjusted rates were calculated for sex, race/ethnicity, year, and state [17]. Rate ratios, age-

adjusted rate ratios, 95% CIs, and temporal trends were modeled using Poisson regression 

methods. Years of potential life lost (YPLL), a measure of the number of years not lived by an 

individual who dies before reaching a predetermined age, was calculated using the NCHS ceiling 

of 75 years of age [18]. Redelings and colleagues have previously validated the use of MCD data 
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to investigate associations between conditions listed on death certificates [19]. Using these 

methods, the relationship between comorbid medical conditions and toxoplasmosis mortality was 

examined using a matched case-control analysis. To select controls, a random sample of non-

toxoplasmosis deaths were drawn from the MCD dataset during the same time frame as cases 

(2000-2010) and matched in a 10:1 ratio (10 controls per case) by age, race/ethnicity, and sex. 

Co-occurring or comorbid medical conditions were selected and included in the analysis if they 

were: 1) known to be associated with toxoplasmosis, such as HIV/AIDS, and/or 2) known to 

impair an individual’s immune response in the absence of HIV/AIDS (e.g., treatments for 

autoimmune conditions, cancer chemotherapy). Matched odds ratios (MORs) and 95% 

confidence intervals (CIs) were generated for each of the case-control pairs studied.  

 

Since HIV is strongly related to fatal toxoplasmosis reactivation (i.e., more than half of the death 

certificates with toxoplasmosis listed as a cause of death also had HIV listed), we conducted a 

subgroup analysis to compare differences in mortality rates and rate ratios between 

toxoplasmosis deaths with HIV involvement versus those without HIV involvement. All analyses 

were conducted using the SAS 9.2 statistical software package (SAS Institute, Inc, Cary, NC).    

 

Cost analysis: estimating productivity losses 

Productivity losses due to premature death from toxoplasmosis were estimated using the human 

capital approach [20,21]. The number of deaths during each year of the 11-year period (2000-

2010) were multiplied by the present value of lifetime productivity (PVLP), stratified by sex and 

age. Total costs from these losses were calculated and presented cumulatively for the entire 

period. The procedure to calculate PVLP has been described elsewhere in the literature [21,22]. 
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PVLP calculations based on 2007 data (latest data available at the time of analysis) accounted for 

labor force participation, life expectancy, estimates of future values for housekeeping activities 

and caregiving. It also accounted for projected estimates of productivity growth. Estimates for 

years before and after 2007 were adjusted assuming an annual productivity growth of 0.5%. As 

recommended by the Panel of Cost-Effectiveness in Health and Medicine, a discounted rate of 

3% was applied to the analysis [23]. All estimates were adjusted to 2013 dollars using the 

Employment Cost Index [24]. Similar methods to assess productivity losses using MCD data 

have been published in the literature [25,26]. 

 

Results 

A total of 789 toxoplasmosis deaths were identified during the study period from 2000 to 2010 

(Table 1); 271 of which were diagnosed with toxoplasmosis encephalitis and 71 with congenital 

toxoplasmosis. The annual percent change in mortality rates was -11.7% over the 11-year period 

(p-value <0.0001). Toxoplasmosis was reported as the underlying cause of death for 201 cases 

(25.5% of total) and as an associated cause of death for 588 cases (74.5% of total). The average 

age at death was 42.1 years (range 0-92; median=41.0). The age-adjusted mortality rates varied 

during the 11-year time frame (Figure 1), with an overall average age-adjusted mortality rate of 

0.025 per 100,000 population (95% CI, 0.023-0.026) and a total 26,186 years of potential life 

lost (YPLL).  

 

The highest absolute number of deaths and YPLLs attributed to toxoplasmosis occurred within 

the 35 to 44 age group – this represented 30.4% of all toxoplasmosis deaths (0.050 per 100,000 

population; 95% CI, 0.044-0.057; n=240) (Table 1). In general, males were twice as likely to 
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have toxoplasmosis listed as a cause of death than females (age-adjusted rate ratio (RR)= 2.00; 

95% CI, 1.76-2.30). Black and Hispanic race/ethnicity had the highest toxoplasmosis mortality 

rates relative to whites (RR=8.30; 95% CI, 7.32-9.42 and RR=3.52; 95% CI, 3.09-4.01, 

respectively). Blacks experienced 11,971 YPLL; this was considerably more than any other 

race/ethnic group (Table 1). Florida had the highest frequency of deaths (n=114; 14.4%) with an 

age-adjusted mortality rate of 0.060 per 100,000 population (95% CI, 0.049-0.072). Total 

productivity losses from all toxoplasmosis deaths during 2000-2010 were estimated to be $814.5 

million. Cost per death for each year was just over $1 million. Total lost productivity was highest 

in the 30-34 and 35-39 female age groups (~$84 million, combined).  

 

In the matched case-control analysis, HIV was the most often listed co-diagnosis on the death 

certificates (n=440; 56% of total) and was strongly associated with toxoplasmosis deaths 

(MOR=27.75; 95% CI, 21.78-35.37). Other comorbid medical conditions strongly associated 

with toxoplasmosis deaths included: Hodgkin/non-Hodgkin lymphoma, leukemia, and 

connective tissue disorders (Table 2).     

 

In total, there were 349 toxoplasmosis deaths without HIV (“non-HIV”) as a co-diagnosis, as 

compared to 440 toxoplasmosis deaths with HIV (“HIV”) as a co-diagnosis on the death 

certificates (Table 3). The average age at death for these subgroups (with and without HIV co-

diagnosis) was similar to the overall sample (caseload) – 42.1 years, 41.9 years, and 42.1 years, 

respectively. The average age-adjusted mortality rate for toxoplasmosis deaths with no HIV co-

diagnosis was 0.011 (95% CI, 0.010-0.012) as compared to 0.013 (95% CI, 0.012-0.015) for 

deaths with HIV co-diagnosis. Poisson trend analysis showed that the annual percent change in 
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mortality rates among toxoplasmosis deaths without HIV involvement was -4.0% (95% CI, -

6.6%, -0.18%; p-value=0.04), whereas for deaths with HIV involvement it was -18.4%. The 

annual percent change for the overall sample was -11.7% (Figure 2). The 35-to-44 age group 

comprising toxoplasmosis deaths without a HIV co-diagnosis had the highest absolute number of 

deaths.  

 

Discussion 

Toxoplasma gondii as a non-HIV disease in the U.S. 

Toxoplasma gondii is generally not suspected in the clinical setting as a zoonosis that causes 

non-HIV disease. Yet, it was ranked second among 14 foodborne pathogens in annual disease 

burden based on a report released in 2011, with Salmonella (nontyphoidal serotypes) ranking 

first and Campylobacter ranking third [27]. According to the report, $3 billion in illness costs 

and 11,000 quality-of-adjusted-life-years (QALYs) were attributed to toxoplasmosis; the 

disease’s high mortality rate contributed to its high ranking. In the present analysis, 

toxoplasmosis mortality averaged 71 deaths per year during the 11-year study period. This was 

considerably higher than Salmonella (about 53 deaths per year), the number one cause of 

foodborne illness in the U.S. The Centers for Disease Control and Prevention currently estimates 

that approximately 50% of toxoplasmosis cases are foodborne [28].  

 

Productivity losses associated with toxoplasmosis premature deaths  

The cumulative productivity losses associated with toxoplasmosis mortality during 2000-2010 

were more than $815 million, representing a significant financial burden to society.  Although 

the highest costs were found in the 35-39 age group, the 0-4 age subgroup contributed 
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disproportionately to the amount. While the caseload for congenital toxoplasmosis was relatively 

small in the MCD dataset (<4% of total), the early losses of life summed up to a very large 

number of years lost from premature death. Congenital toxoplasmosis is a condition that can lead 

to miscarriage, stillbirth, or lifelong complications – e.g., neurological disorders, permanent 

vision loss, learning disabilities, and paralysis. It is also a condition that can be prevented. For 

example, among pregnant women, increased patient education should stress the importance of 

avoiding foodborne causes (e.g., eating raw ground beef, undercooked pork, rare lamb or locally-

produced cured, dried, or smoked meat). The conventional advice of avoiding cats and their litter 

also applies.  

 

The 11-year decline 

In the present study, toxoplasmosis deaths declined substantively over an 11-year period, from 

2000 to 2010. This overall decline is consistent with a similar decline in the prevalence of 

toxoplasmosis infections observed in another study of U.S. born individuals [4]. Parallel to this 

mortality trend (with some overlap), toxoplasmosis hospitalizations have also declined during the 

past 10-15 years – i.e., 10,583 in 1995 versus 3,000 in 2008 [13]. The decrease in toxoplasmosis 

hospitalizations has been attributed, partially, to a number of environmental and healthcare 

factors. For example, the overall prevalence of viable T. gondii in beef, chicken, and pork from 

retail meat stores in the U.S. was found to be very low in a 2005 study [29] and has been 

declining in humans and pigs [30]; this lowering of T. gondii contamination of the meat supply 

may be the result of enhanced efforts by the meat production industry to reduce T. gondii tissue 

cysts in meat [4]. Another, perhaps even stronger contributing factor was the introduction and 

subsequent widespread use of anti-retroviral therapy (e.g., HAART) to control HIV infection. 
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Coupled to other efforts such as enhanced outreach and education of expectant mothers (by 

physicians) and the public (by public health authorities) about proper cooking of meat and better 

hygienic practices to avoid exposure to infective oocysts (e.g., from cat feces), this medical 

breakthrough likely helped reduce the absolute number of fatal opportunistic infections among 

individuals with HIV/AIDS. This is confirmed in our subgroup analysis, where a lower annual 

percent change in mortality rates was observed for toxoplasmosis deaths that did not contain an 

HIV co-diagnosis, as compared to deaths that did (-4.0% versus -18.4%; overall sample -11.7%). 

Yet, another contributing factor may have been the advancement in anti-Toxoplasma therapy [5, 

31,32] and better use of chemoprophylaxis to prevent reactivation or disease progression [33].  

 

Limitations 

Although MCD data has several strengths (e.g., population-based, large sample size), there are a 

number of notable limitations and constraints attributed to abstracting information from NCHS 

death records [19]. First, the ordering of the underlying and associated causes of death on death 

certificates are dependent on the opinions of the reporting physician or coroner, rarely providing 

insights into how these conditions interacted and contributed to death. Second, death certificates 

often contain errors and/or missing information, confounded by a variety of factors, including 

quality of reporting. Third, MCD data are typically not linked to clinical information, which 

often are required to provide context to the diagnosis and to see how disease risk, co-morbidities, 

and social factors influenced the chain of events leading to death. Lastly, using MCD data as a 

primary data source to inform economic analyses may limit the breadth and comprehensiveness 

of the cost estimations. For instance, the present analysis does not capture productivity losses 
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before death, costs attributed to treatment, or business costs related to replacement of a deceased 

employee. 

 

Conclusions 

Despite the observed decline in toxoplasmosis mortality in the U.S., the absolute number of 

deaths and productivity losses attributable to this protozoan zoonosis remained substantial during 

2000-2010. Based on trend analyses, the notable improvements to disease burden were primarily 

related to the decline in cases associated with HIV infection. The mortality trends for cases 

without an HIV co-diagnosis on the death certificate, for example, remained static, suggesting 

that non-HIV related toxoplasmosis, especially from foodborne sources, continues to be 

important causes of preventable death in vulnerable subgroups. Public health surveillance and 

timely clinical management of this condition remain critical for disease control and prevention of 

the lethal consequences associated with this infectious disease.  
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Table 1. Mortality rate ratios and years of potential life lost from toxoplasmosis, 
United States, 2000-2010. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 Toxoplasmosis 
Deaths
n (%)a 

Age-Adjusted 
Rate Ratio 

(95% Confidence Interval) 

Years of Potential 
Life Lost 

(Years) 
 
Sex 
     Female  
     Male 
      

 
 

268 (34.0%) 
521 (66.0%) 

 

 
 

Referent 
2.01 (1.76-2.30) 

 

 
 

9,027 
17,159 

Race/ethnicity 
     White  
     Asian/Pacific Islander 
     Black 
     Hispanic 
     Native American 
      

 
253 (32.1%) 

13 (1.6%) 
355 (45.0%) 
166 (21.0%) 

2 (0.3%) 
 

 
Referent 

0.81 (0.67-0.99) 
8.30 (7.32-9.42) 
3.52 (3.09-4.01) 
0.64 (0.51-0.80) 

 

 
7,430 

509 
11,971 
6,213 

63 
 

Age group (years) 
     <1 
     1-4 
     5-14 
     15-24 
     25-34 
     35-44 
     45-54 
     55-64 
     65-74 
     75-84 
     >85 
    

 
24 (3.0%) 
7 (0.9%) 

20 (2.5%) 
27 (3.4%) 

148 (18.8%) 
240 (37.0%) 
171 (21.7%) 

77 (9.8%) 
40 (5.1%) 
30 (3.8%) 
5 (0.6%) 

 

 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

 

 
1,800 

511 
1,300 
1,476 
6,606 
8,548 
4,447 
1,250 

248 
0 
0 

Total 789 (100%) -- 26,186 
a n is the frequency or number of decedents specified in each column. 
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Table 2. Comorbid conditions associated with toxoplasmosis deaths with matched odds ratios and 95% 
confidence intervals, United States, 2000-2010. 
 

Medical conditions ICD-10 Codes 

Toxoplasmosis 
cases 

(n=789)  

n (%)a 

Matched 
controlsb 
(n=7,882) 

n (%)a 

Matched odds ratioc 
(95% Confidence Interval) 

     
Connetive tissue disorders M30-M36 23 (2.9) 53 (0.7) 4.40 (2.68-7.24) 

Diabetes E10-E14 18 (2.3) 452 (5.7) 0.39 (0.24-0.62) 

Heart disease I00-I99 171 (21.7) 2877 (36.5) 0.46 (0.39-0.56) 

HIV B20-B24 440 (55.8) 414 (5.3) 27.75 (21.78-35.37) 

Hodgkin, Non-Hodgkin Lymphoma C81, C82, C83, C84, 
C85, C86 

42 (5.3) 76 (1.0) 5.91 (4.03-8.69) 

Leukemia C91, C92, C93, C94, 
C95 

25 (3.2) 82 (1.0) 3.07 (1.95-4.85) 

     
a n is the frequency or number of decedents specified in each column. 
b During the matching process, one case was only able to find two matched controls due to the characteristics of that case (i.e., in the 5-14 age range, 
female, and Asian). 
c Cases were matched to controls by age, sex, and race/ethnicity. 
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Table 3. Decedent characteristics: toxoplasmosis cases with and without HIV co-diagnosis on 
the death certificates, United States, 2000-2010. 

 
 
 
 
 
 
 
 
 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Characteristic(s) 

Toxoplasmosis cases 
with HIV as a co-

diagnosis 
(n=440) 

n (%)c 

Toxoplasmosis cases 
without HIV as a co-

diagnosis 
(n= 349) 

n (%)c 

 
 
 

χ2d 

 
 
 

P-value 

 
Sex 
     Female  
     Male 
      

 
 

123 (28.0) 
317 (72.0) 

 

 
 

145 (41.5) 
204 (58.5) 
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<0.001 

Race/ethnicitya 
     White  
     Asian/Pacific Islander 
     Black 
     Hispanic 
      

 
91 (20.9) 

<5 
237 (54.5) 
107 (24.6) 

 

 
162 (46.4) 

10 (2.9) 
118 (33.8) 
59 (16.9) 

 
 
 
 

70 

 
 
 
 

<0.001 

Age (in years)b 
     <1 
     1-4 
     5-14 
     15-24 
     25-34 
     35-44 
     45-54 
     55-64 
     65-74 
     75-84 
     >85 
   

 
<5 
-- 
-- 

10 (2.3) 
96 (22.0) 

160 (36.7) 
123 (28.2) 

40 (9.2) 
7 (1.6) 

<5 
-- 

 
23 (6.6) 
7 (2.0) 

20 (5.7) 
17 (4.9) 

52 (14.9) 
80 (22.9) 
48 (13.8) 
37 (10.6) 
33 (9.5) 
27 (7.7) 
5 (1.4) 

 

 
 
 
 
 
 
 
 
 
 
 

154 

 
 
 
 
 
 
 
 
 
 
 

<0.001 

a Native American race was excluded due to small sample size (<5).  
b Percentage calculated based on available information from cases and controls; excludes those with “missing” or incomplete 
“other” category information.  
c n is the frequency or number of decedents specified in each column. 
d Chi-square statistic for equality of distribution of characteristic over groups and p-value. 
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Figure 1. Number of toxoplasmosis deaths and age-adjusted mortality rates per 100,000 
population, United States, 2000-2010 
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Figure 2. Number of toxoplasmosis cases with and without HIV co-diagnosis on the death 
certificates by year, United States, 2000-2010. 
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Salmonellosis Hospitalizations in the United States: Trends, 2000-2011, Associated Medical 

Conditions and Costs, 2011 

Abstract 

Objectives. Although the federal surveillance system – FoodNet – tracks laboratory-confirmed 

Salmonella infections, it primarily serves to inform regulatory control of the food supply so as to 

protect against foodborne disease outbreaks. To date, less is known about the actual burden of 

salmonellosis in the hospital setting. The present study uses nationally representative data to 

address this gap in medical practice.  

Methods. This is a retrospective study examining salmonellosis discharges using the Agency for 

Healthcare Research and Quality’s Nationwide Inpatient Sample for 2011, which represents a 

20% stratified sample of U.S. community hospitals. A supplemental trend analysis of 

salmonellosis hospitalizations was conducted from 2000 to 2011. Hospitalization characteristics, 

including the number of chronic conditions in a patient, were examined using multivariable 

regression models, with a focus on four outcome variables: in-hospital death, total charges, 

length of stay, and disease severity.  

Results. A total of 116,361 primary and secondary diagnoses of salmonellosis were identified 

from discharge records during the 12-year period. There was a 27.2% increase in salmonellosis 

discharges from 2000 to 2011. The average age at death was 42.1 years. In 2011, there were 

11,032 primary and secondary diagnoses of salmonellosis; 7,496 of which were primary only. 

The average length of stay was about 6 days. In multivariable analyses, greater number of 

chronic conditions (>4) among salmonellosis patients was associated with in-hospital death, 

greater severity, longer length of stay and higher mean total charges.  
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Conclusions. Observed increases in U.S. salmonellosis hospitalizations and costs indicate that 

the burden of this foodborne illness remains substantial. The positive association between 

increased number of chronic conditions and the four hospitalization outcomes affirms the need 

for continual investments by public health and medicine to prevent foodborne illness and control 

infections to avoid costly complications and fatality in the hospital setting.   

 

Introduction 

Although deaths from non-typhoidal Salmonella infection have declined during the past decade, 

foodborne illness from this bacterial pathogen has remained substantial in the United States 

(U.S.) (CDC, 2011a; Cummings et al., 2010; Cummings et al., 2012). According to the 

Foodborne Diseases Active Surveillance Network (FoodNet), incident cases of salmonellosis 

have continued to rise during the same period (Chai et al., 2012). While risk factors for disease 

progression is well-documented in situations such as co-infection with HIV/AIDS or patients 

with severe immune-suppression (Galofré et al., 1994; Gordon, 2008; Dhanoa and Fatt, 2009), 

less is known about the differential contributions of other medical conditions which can affect 

disease severity, the need for hospitalization, and the costs of treating this infection in the 

hospital setting. Studies have suggested that the number and type of chronic conditions in a 

patient may play key roles in heightening disease severity and risk for death (Shimoni et al., 

1999; Reed et al., 2014). Since one in four adults has multiple chronic conditions (Ward et al, 

2014), enumerating these associations will be beneficial for proper treatment and care.  

 

To address this gap in the literature, we describe the burden of salmonellosis hospitalizations in 

the U.S. using the Nationwide Inpatient Sample (NIS) for the year 2011. We examined a range 
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of hospitalization characteristics, including the number of chronic conditions in a patient, as they 

relate to four hospital-related outcomes: length of stay, total charges, disease severity, and in-

hospital death. The analysis also presents salmonellosis discharge trends for the period 2000-

2011. The NIS is a nationally representative database approximating 97% of all hospital 

discharges in the U.S. (HCUP, 2013).  

 

Methods 

Nationwide Inpatient Sample 

The Nationwide Inpatient Sample (NIS) is part of the Healthcare Cost and Utilization Project 

(HCUP), sponsored by the Agency for Healthcare Research and Quality (AHRQ) (HCUP, 2013). 

It is the largest all-payer inpatient database that is publicly available in the U.S. It is designed to 

approximate a 20% sample of U.S. community hospitals (e.g., for any given year, about 1,000 

hospitals selected for the NIS represent approximately 5,000 hospitals nationwide). Community 

hospitals are defined by the American Hospital Association as all nonfederal, short-term, 

general, and other specialty hospitals. To ensure geographic dispersion within participating 

states, the NIS sampling scheme sorts hospitals within strata by the first three digits of their zip 

code prior to systematic selection. The stratum for the NIS is defined by five hospital 

characteristics: hospital ownership and control, number of beds, hospital teaching status, 

urban/rural location, and U.S. region. For each hospital drawn into the NIS, 100% of all 

discharges are included, allowing for individual hospital estimates to be free of sampling error.  

For 2011, 46 states participated in the HCUP, representing more than 97% of the U.S. population 

with 8,023,590 unweighted observations/discharges estimating roughly 40 million 

hospitalizations (HCUP, 2011a).  
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 Study period and sample description 

Salmonellosis discharges in the NIS were examined for a 12-year period, starting from 2000 to 

2011. Diagnoses of salmonellosis were defined as any observation listed as a primary or 

secondary diagnosis on the hospital discharge records, corresponding to the International 

Classification of Diseases, Ninth Revision, Clinical Modifications (ICD-9-CM) code 003 [003.0-

003.9] (CDC/NCHS, 2013). HCUP sample weights for the NIS were used to generate national 

estimates for the U.S. For 2011 – the most recent year of the NIS, characteristics of 

salmonellosis discharges were compared to those with Toxoplasma gondii (ICD-9-CM 130.0-

130.9, 771.2) and Campylobacter jejuni (ICD-9-CM 008.43). Following non-typhoidal 

Salmonella, these two agents are the second and third most common foodborne pathogens in the 

U.S. (Batz et al., 2011). Age, sex, median income for zip code, region, payer status, hospital 

characteristics (e.g., rural/urban, hospital type), length of stay (mean days), total charges ($, 

mean), total costs ($, mean costs derived using Centers for Medicare and Medicaid Services’ 

cost-to-charge ratios), and in-hospital death were examined.  

 

Statistical Analysis 

Taking into account the NIS survey design, appropriate estimation methods for the study 

regression models were fitted to assess the independent association between Salmonella 

discharges and the four hospital-related outcomes of interest. Large sample sizes allowed for 

regression models to be restricted to 2011 discharges only. The four hospital-related outcome 

variables of interest included: in-hospital death (a binary variable); total charges (a continuous 

variable, mean dollars); length of stay (as a categorical variable); and disease severity (as a 
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categorical variable). Data on total charges for each hospital represents the amount that a hospital 

is billed for the services including direct medical costs, but excluding physician fees.  

 

For the first outcome variable, in-hospital death, a binary logistic regression model was fitted 

using the following covariates: age (as a continuous variable), sex, race/ethnicity, and number of 

chronic conditions (as categorical variables). Race/ethnicity was categorized as white, black, 

Hispanic, Asian/Pacific Islander, Native American, and other. The number of chronic conditions 

as identified on each discharge record were counted and grouped into three categories (0-1, 2-3, 

and 4 or more), based on data elements in the NIS Diagnosis and Procedures Groups File and on 

methods from a previously published analysis by Steiner and Friedman (2013). Other covariates 

in the model were selected based on the scientific literature and biologic plausibility. Directed 

acyclic graphs (DAGs) were used to examine biasing paths and potential causal relationships 

between salmonellosis, covariates, and the outcome of interest. DAGs represent a causal 

framework that allows the user to determine the direction of biases and decide when control of 

confounding is inadequate (VanderWeele et al., 2008).  

 

For the second outcome variable, total charges, a multiple linear regression model was 

performed. To satisfy the model assumptions, total charges were log transformed and regressed 

on age, sex, race, number of chronic conditions, measures of disease severity, hospital location, 

and hospital control (as categorical variables). Measures of disease severity were defined using 

the All Patient Refined Diagnosis Related Group (APRDRG) subclasses: no class specified, 

minor loss of function (including cases with no comorbidity or complications), moderate loss of 

function, major loss of function, and extreme loss of function. Hospital location was defined as 
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either rural or urban. The hospital control variable was categorized into the following categories: 

government or private (collapsed category); government, nonfederal, public; private, non-profit, 

voluntary; private, investor-own; and private (collapsed category).  

 

For the remaining two outcome variables, length of stay and disease severity, ordinal logistic 

regressions were performed. Length of stay (categorized as 0-1 days, 2-3 days, 4-5 days, and 6+ 

days) was regressed on age, sex, race, APRDRG severity measure subclasses, hospital location, 

hospital control, the number of chronic conditions and the specific medical conditions known to 

impair the immune response (e.g., Acquired immune deficiency syndrome (AIDS) and 

lymphoma). The specified medical conditions, AIDS and lymphoma, were identified using the 

AHRQ Comorbidity Software provided by the HCUP (HCUP, 2011b). Similar to the methods 

used in the binary logistic regression for the in-hospital death outcome, covariates were included 

based on factors known to affect hospital length of stay as identified in the scientific literature 

and on biologic plausibility. Disease severity (categorized as no class specified/minor loss of 

function, moderate loss of function, and major/extreme loss of function) was likewise regressed 

on age, sex, race, hospital location, hospital control, medical conditions (AIDS, lymphoma), and 

number of chronic conditions.  

 

For all models, observations which contained missing data for each of the outcome variables or 

for any of the covariates were excluded from the analyses. Measures assessing the fit of each 

model were calculated. Descriptive analyses were conducted using the SAS 9.3 statistical 

software package (SAS Institute, Inc, Cary, NC). Regression analyses were performed using 

Stata Statistical Software: Release 13 (College Station, TX: StataCorp LP). The present study 
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relies on public, de-identified data and does not constitute research involving human subjects; 

this is in accordance with Title 45, part 45, of the Code of Federal Regulations.   

 

Results 

A total of 116,361 primary and secondary diagnoses of salmonellosis were identified on 

discharge records during the 12-year period from 2000 to 2011 (Figure 1). The percent change in 

salmonellosis discharges during this period was +27.2%. The average age at death was 42.1 

years (range 0-92; median=41.0). In 2011, there were 11,032 primary and secondary diagnoses 

of salmonellosis; 7,496 of which were primary only. Compared to Toxoplasma gondii and 

Campylobacter jejuni (Table 1), the total number of discharges for Salmonella was the highest 

among all three foodborne pathogens. Of the three, however, Toxoplasma discharges had the 

longest length of stay (mean days=11.2) and the highest mean total charges and total costs. 

Toxoplasma discharges involved primarily Medicaid payers (57%) as compared to the discharges 

for the other two infectious diseases. Overall, the average length of stay for hospital patients 

diagnosed with salmonellosis was about 6 days (6.3 for males and 5.7 for females).  

 

In-Hospital Death, Total Charges, Length of Stay, and Disease Severity of Salmonellosis  

Increased number of chronic conditions (≥4) in a patient was associated with in-hospital death, 

longer length of stay, and higher mean total charges (Table 2). For example, after controlling for 

age, sex, and race, the odds of dying in the hospital for patients with four or more chronic 

conditions who were admitted with salmonellosis was 10 times that of patients with only one or 

no chronic condition (Table 3a). Similarly, Hispanic race/ethnicity was associated with increased 

in-hospital deaths when compared to whites (OR=2.56, 95% CI= 0.99, 6.62). Among all 
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salmonellosis hospitalizations, there was a 30% increase in the average total charges for every 

one-unit increase in the number of chronic conditions (i.e., in the ≥4 category) (Table 3b). For 

patients with 2 to 3 chronic conditions the percent increase in average total charges was slightly 

lower (21.5%). The average total charges increased by number of chronic conditions: 0-5 = 

$20,413; 2-3 = $31,970, and 4 or more = $60,446 (Table 2). In the ordinal logistic regression 

models, having ≥4 chronic conditions was associated with higher length of stay and disease 

severity (Table 3c and 3d). Odds ratios for disease severity and age were also higher among 

older age categories (Table 3d).  

 

Discussion 

Our findings indicate that the burden of salmonellosis hospitalizations in the U.S. is considerable 

and increasing, and is amplified by coexisting chronic conditions. Disease severity was elevated 

in older persons and Hispanics. Although the 2013 FoodNet report showed a 9% decrease in 

laboratory-confirmed Salmonella infections in the U.S. (Crim et al., 2014), the data collected 

prior to this year (2010-2012) mirrored the increase found in the present analysis. Both data 

sources (NIS and FoodNet) showed Salmonella infection rates were significantly above the 

national Healthy People target of 11.4 cases per 100,000 population, indicating that continual 

need for disease surveillance, food safety measures, and foodborne illness prevention remain a 

key priority for public health and health authorities (Mead et al., 1999). 

 

Increased number of chronic medical conditions was associated with increased in-hospital death, 

longer length of stay, and higher mean total charges for patients hospitalized with salmonellosis; 

these increases in hospital-related outcome measures remained statistically significant even after 
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controlling for age, sex, race, and hospital location. Given the growing burden of chronic disease 

and related healthcare costs, understanding how co-occurring conditions that can complicate 

disease progression of infections (e.g., salmonellosis) may help hospitals, clinicians, and public 

health authorities invest in and develop more effective strategies for controlling foodborne 

illness, improving hospital care, and preventing disease complications for patients hospitalized 

with salmonellosis (Anderson and Horvath, 2004).  

  

The NIS sample is a large, representative sample of U.S. hospitalizations which allows for 

examination of relatively rare conditions without leading to issues of sparse data, especially 

during stratification of cases by variables (e.g., age, sex, race/ethnicity) (HCUP, 2013). Although 

salmonellosis is considered a common foodborne infection (typically resolves in immune-

competent adults without hospitalization), systemic and metastatic pathogenesis of bacteremia 

leading to hospitalization and death are rare. In this regard, the size of the NIS sample allows for 

trend analyses of salmonellosis with greater precision and strength in the estimates. In addition, 

the NIS sampling procedure is also well documented and published in the yearly NIS release 

(HCUP, 2013), allowing for appropriate corrections of estimates, when needed. 

 

The NIS, however, has a number of limitations. First, the ICD-9-CM coding for disease 

diagnosis was not originally designed to track infection and has been criticized as being 

inaccurate, potentially leading to case misclassification (Noskin et al., 2005). Other common 

errors may include incorrect reporting (e.g., by patient) and incorrect transcription (e.g., by 

hospital personnel). Misclassification rates can vary and have been found to be higher or lower in 

different hospitals based on the categories of variables being examined. Second, the lack of 
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personal identification codes in the discharge records can distort true estimates of salmonellosis 

discharges (i.e., hospitalization of individual patients versus multiple hospitalizations of the same 

patient). Third, patients with severe infection may self-select to the database because they were 

more likely to seek medical attention as compared to those with mild to moderate manifestations, 

thus, possibly skewing the rates of hospital admission and distribution of disease severity. Lastly, 

HCUP has made a number of structural changes to the dataset in recent years (e.g., increase in 

the number of states participating in the effort), potentially adding to the complexity of analyzing 

data across multiple years.  

 

Conclusions 

The observed increases in U.S. salmonellosis hospitalization and costs indicate that the burden of 

this foodborne pathogen remains substantial. The positive association between the increased 

number of chronic conditions (especially 4 or more) and salmonellosis hospitalization outcomes 

suggests that vigilance, risk stratification, and more proactive treatment approaches are needed to 

help reduce unnecessary morbidity and fatality in the hospital setting. Public health investments 

in disease surveillance and prevention should also continue to reduce the health and economic 

consequences associated with this disease.  
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Table 1. Nationwide Inpatient Sample characteristics for primary diagnoses of the top three 
foodborne pathogens in the U.S. – Non-typhoidal Salmonella sp, Toxoplasma gondii, and 
Campylobacter jejuni, 2011 
 

 Salmonella 
Discharges 

n (%)a 

Toxoplasma 
Discharges 

n (%)a 

Campylobacter 
Discharges

n (%)a 

 
Gender 
     Female  
     Male 
      

 
 

4,030 (53.8) 
3,421 (45.6) 

 
 

229 (41.8) 
319 (58.2) 

 

 
 

2,016 (51.0) 
1,915 (48.4) 

Age group (years) 
     <1 
     1-17 
     18-44 
     45-64 
     65-84 
     85+ 

 
565 (7.5) 

1,318 (17.6) 
1,448 (19.3) 
1,906 (25.4) 
1,903 (25.4) 

343 (4.6) 

 
415 (75.8) 

<10 
73 (13.3) 

<10 
<10 
<10 

 

 
56 (1.4) 

466 (11.8) 
1,023 (25.9) 
1,214 (30.7) 
1,034 (26.1) 

164 (4.1) 

Payer 
     Medicare 
     Medicaid 
     Private Insurance 
     Uninsured 
     Other 
 

 
2,588 (34.5) 
1,374 (18.3) 
2,768 (36.9) 

419 (5.6) 
306 (4.1) 

 
<10 

313 (57.2) 
159 (29.1) 

<10 
<10 

 
1,376 (34.8) 

527 (13.3) 
1,623 (41.0) 

262 (6.6) 
162 (4.1) 

Median income for zip 
code 
     Low 
     Not low 
      

 
2,364 (31.5) 
4,978 (66.4) 

 
211 (38.5) 
318 (58.0) 

 

 
1,090 (27.6) 
2,803 (70.9) 

 

Hospital characteristics 
     Owner 
          Government 
          Private, not-for-profit 
          Private, for-profit 
 
     Teaching status 
          Nonteaching 
          Teaching 
 
     Location 
          Non-metropolitan 
          Metropolitan 
 
     Bedsize 
          Small 
          Medium 
          Large 
 

 
 

1,066 (14.2) 
5,332 (71.1) 

999 (13.3) 
 
 

4,131 (55.1) 
3,266 (43.6) 

 
 

1,137 (15.2) 
6,261 (83.5) 

 
 

937 (12.5) 
1,934 (25.8) 
4,526 (60.4) 

 
 

53 (9.6) 
424 (77.4) 
66 (12.0) 

 
 

109 (19.9) 
433 (79.0) 

 
 

58 (10.6) 
484 (88.4) 

 
 

63 (11.5) 
95 (17.3) 

385 (70.2) 

 
 

303 (7.7) 
3,104 (78.5) 

479 (12.1) 
 
 

2,266 (57.3) 
1,621 (41.0) 

 
 

550 (13.9) 
3,337 (84.4) 

 
 

534 (13.5) 
944 (23.9) 

2,408 (60.9) 

Region 
     Northeast 

 
1,375 (18.3) 

 
<10 

 
624 (15.8) 
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     Midwest 
     South 
     West 

1,091 (14.6) 
4,227 (56.4) 

804 (10.7) 

132 (24.0) 
316 (57.7) 
66 (12.0) 

1,063 (26.9) 
1,430 (36.1) 

839 (21.2) 
 

Length of stay, days (mean) 
 

5.0 11.2 3.8 

Total charges, $ (mean) 
 

29,373 56,748 22,725 

Total costs, $ (mean) 
 

8,341 18,264 6,496 

In-hospital deaths 
 

86 (1.2) <10 <10 

Total  7,496 (100.0) 548 (100.0) 3,956 (100.0) 
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Table 2. Hospitalizations with a primary diagnosis of salmonellosis, by number of chronic 
conditions, Nationwide Inpatient Sample, 2011. 
 Number of Chronic Conditions 
Hospitalization Outcomes 0-1 2-3 ≥4 
In-hospital death* 5 14 146 
Length of stay, mean days  
(95% confidence interval) 

4.1  
(3.9, 4.4) 

5.2  
(4.6, 5.7) 

7.8  
(7.1, 8.5) 

Charge, mean dollars  
(95% confidence interval) 

$20,413  
(17353, 23473) 

$31,970  
(26914, 37025) 

$60,446 
(49046, 71845) 

*Weighted counts, no confidence interval calculated; Pearson chi-square converted F-statistic = 14.2, p<0.001 
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Table 3a. Binary logistic regression analysis of in-hospital deaths among hospitalizations with a 
primary diagnosis of salmonellosis, Nationwide Inpatient Sample, 2011. 
Covariate Parameter estimate  

(95% CI) 
Odds Ratio  
(95% CI) 

Number of chronic conditions (referent: 0-1)
     2-3 
     >=4 

 
1.04 (-1.44, 3.51) 
2.32 (-0.06, 4.70)a 

 
2.82 (0.24, 33.35) 
10.17 (0.94, 109.71) 

Age 0.02 (-0.00, 0.04) 1.02 (1.00, 1.05) 
Gender (referent: male) 
     Female 

 
-0.10 (-0.82, 0.63) 

 
0.90 (0.44, 1.86) 

Race/ethnicity (referent: white) 
     Black 
     Hispanic 
     Asian/Pacific Islander 
     Other (including Native American) 

 
0.64 (-0.37, 1.65) 
0.94 (-0.01, 1.89)a 
0.79 (-1.24, 2.82) 
0.27 (-1.73, 2.27) 

 
1.90 (0.69, 5.23) 
2.56 (0.99, 6.62) 
2.21 (0.44, 16.84) 
1.31 (0.79, 9.64) 

Note: Analysis conducted on the subsample of salmonellosis hospitalizations with no missing data for any of the covariates of 
interest, n=2,014. Native American was collapsed into the ‘other’ category due to small sample size. CI= confidence interval.  
a p≤.05.  
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Table 3b. Multiple linear regression analysis of log total charges among hospitalizations with 
a primary diagnosis of salmonellosis, Nationwide Inpatient Sample, 2011. 
Covariate Parameter estimate 

(95% CI) 
Number of chronic conditions (referent: 0-1) 
     2-3 
     >=4 

 
0.14 (0.03, 0.26)a 
0.30 (0.17, 0.44)a 

Age (referent: <1) 
     1-4 
     5-14 
     15-24 
     25-34 
     35-44 
     45-54 
     55-64 
     65-74 
     75-84 
     85+ 

 
-0.10 (-0.28, 0.08) 
-0.05 (-0.22, 0.12) 
0.25 (0.05, 0.46) 
0.26 (0.04, 0.47) 
0.20 (-0.01, 0.41) 
0.24 (0.03, 0.46) 
0.18 (-0.05, 0.41) 
0.11 (-0.12, 0.33) 
0.23 (-0.02, 0.48) 
0.09 (-0.18, 0.37) 

Gender (referent: male) 
     Female 

 
-0.07 (-0.13, 0.00)a 

Race/ethnicity (referent: white) 
     Black 
     Hispanic 
     Asian/Pacific Islander 
     Native American 
     Other 

 
0.06 (-0.08, 0.21) 
0.44 (0.33, 0.55)a 
0.44 (0.20, 0.69)a 
-0.12 (-0.55, 0.32) 
0.10 (-0.07, 0.28) 

APRDRG Severity Measures (referent: Minor loss of function) 
     Moderate loss of function 
     Major loss of function 
     Extreme loss of function 

 
0.29 (0.19, 0.39)a 
0.59 (0.47, 0.71)a 
1.55 (1.36, 1.73)a 

Hospital location (referent: rural) 
     Urban 

 
0.56 (0.43, 0.69) 

Hospital control  
(referent: government/ private collapsed) 
     Government, nonfederal, public 
     Private, non-profit, voluntary 
     Private, investor-owned   
     Private, collapsed category      

 
 
-0.20 (-0.37, -0.03) 
-0.07 (-0.21, 0.07) 
0.24 (0.08, 0.40) 
0.08 (-0.19, 0.35) 

Note: Analysis conducted on the subsample of salmonellosis hospitalizations with no missing data for any of the covariates of 
interest, n=1,987. CI= confidence interval; APRDRG = All Patient Refined Diagnosis Related Group. 
a p≤.05. 
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Table 3c. Ordinal logistic regression analysis of length of stay among hospitalizations with a 
primary diagnosis of salmonellosis, Nationwide Inpatient Sample, 2011. 
Covariate Parameter estimate (95% CI) Odds Ratio (95% 

CI) 
Number of chronic conditions (referent: 0-1)
     2-3 
     >=4 

 
0.18 (-0.14, 0.49) 
0.76 (0.44, 1.08)a 

 
1.19 (0.87, 1.63) 
2.13 (1.55, 2.94) 

Age (referent: <1) 
     1-4 
     5-14 
     15-24 
     25-34 
     35-44 
     45-54 
     55-64 
     65-74 
     75-84 
     85+ 

 
-0.16 (-0.59, 0.28) 
-0.33 (-0.72, 0.07) 
-0.27 (-0.77, 0.22) 
-0.16 (-0.56, 0.24) 
-0.25 (-0.73, 0.24) 
-0.06 (-0.51, 0.39) 
-0.10 (-0.58, 0.37) 
0.02 (-0.45, 0.50) 
0.31 (-0.21, 0.84) 
0.28 (-0.33, 0.88) 

 
0.86 (0.56, 1.32) 
0.72 (0.49, 1.07) 
0.76 (0.46, 1.24) 
0.85 (0.57, 1.27) 
0.78 (0.48, 1.27) 
0.94 (0.60, 1.47) 
0.90 (0.56, 1.45) 
1.02 (0.63, 1.65) 
1.37 (0.81, 2.32) 
1.32 (0.72, 2.42) 

Gender (referent: male) 
     Female 

 
-0.01 (-0.18, 0.15) 

 
0.98 (0.84, 1.16) 

Race/ethnicity (referent: white) 
     Black 
     Hispanic 
     Asian/Pacific Islander 
     Native American 
     Other 

 
0.39 (0.09, 0.69)a 
0.14 (-0.15, 0.43) 
0.13 (-0.34, 0.60) 
0.69 (-0.25, 1.63) 
0.46 (-0.03, 0.95) 

 
1.48 (1.10, 2.00) 
1.15 (0.86, 1.54) 
1.14 (0.71, 1.82) 
1.99 (0.78, 5.10) 
1.59 (0.97, 2.59) 

APRDRG Severity Measures  
(referent: no/minor loss of function) 
     Moderate loss of function 
     Major/extreme loss of function 

 
 
0.63 (0.35, 0.90)a 
1.47 (1.16, 1.78)a 

 
 
1.87 (1.42, 2.47) 
4.35 (3.18, 5.93) 

Comorbidity Present  
(referent: comorbidity not present) 
     AIDS 
     Lymphoma 

 
 
-0.99 (-2.20, 0.22) 
0.11 (-0.56, 0.79) 

 
 
0.37 (0.11, 1.24) 
1.12 (0.57, 2.19) 

Hospital location (referent: rural) 
     Urban 

 
0.24 (-0.06, 0.54) 

 
1.27 (0.94, 1.72) 

Hospital control  
(referent: government/ private collapsed) 
     Government, nonfederal, public 
     Private, non-profit, voluntary 
     Private, investor-owned   
     Private, collapsed category 

 
 
-0.09 (-0.42, 0.23) 
-0.12 (-0.40, 0.16) 
-0.40 (-0.68, -0.12)a 
-0.62 (-1.24, 0.00)a 

 
 
0.91 (0.66, 1.26) 
0.88 (0.67, 1.17) 
0.67 (0.51, 0.89) 
0.54 (0.29, 1.00) 

Note: Analysis conducted on the subsample of salmonellosis hospitalizations with no missing data for any of the covariates of 
interest, n=1,990. CI= confidence interval; APRDRG = All Patient Refined Diagnosis Related Group; AIDS= Acquired Immune 
Deficiency Syndrome. 
a p≤.05. 



38 
 

Table 3d. Ordinal logistic regression analysis of disease severity among hospitalizations with a 
primary diagnosis of salmonellosis, Nationwide Inpatient Sample, 2011. 
Covariate Parameter estimate (95% CI) Odds Ratio (95% 

CI) 
Number of chronic conditions (referent: 0-1)
     2-3 
     >=4 

 
1.23 (0.93, 1.54)a 
2.31 (1.97, 2.66)a 

 
3.42 (2.52, 4.65) 
10.11 (7.15, 14.29) 

Age (referent: <1) 
     1-4 
     5-14 
     15-24 
     25-34 
     35-44 
     45-54 
     55-64 
     65-74 
     75-84 
     85+ 

 
0.06 (-0.35, 0.48) 
-0.11 (-0.57, 0.34) 
0.60 (0.09, 1.11)a 
0.77 (0.27, 1.27)a 
0.73 (0.23, 1.22)a 
1.08 (0.56, 1.59)a 
0.94 (0.39, 1.50)a 
1.34 (0.82, 1.87)a 
1.46 (0.90, 2.01)a 
1.52 (0.75, 2.29)a 

 
1.07 (0.70, 1.61) 
0.89 (0.57, 1.41) 
1.82 (1.10, 3.03) 
2.16 (1.31, 3.57) 
2.07 (1.26, 3.40) 
2.94 (1.75, 4.93) 
2.57 (1.48, 4.46) 
3.83 (2.26, 6.50) 
4.29 (2.46, 7.48) 
4.58 (2.13, 9.86) 

Gender (referent: male) 
     Female 

 
-0.17 (-0.37, 0.03) 

 
0.84 (0.69, 1.03) 

Race/ethnicity (referent: white) 
     Black 
     Hispanic 
     Asian/Pacific Islander 
     Other (including Native American) 

 
0.69 (0.38, 1.00)a 
0.16 (-0.15, 0.47) 
0.68 (0.22, 1.34)a 
0.28 (-0.17, 0.72) 

 
1.93 (1.41, 2.64) 
1.16 (0.84, 1.59) 
1.98 (1.05, 3.73) 
1.26 (0.80, 1.99) 

Comorbidity Present  
(referent: comorbidity not present) 
     AIDS 
     Lymphoma 

 
 
0.75 (-0.23, 1.73) 
1.44 (0.30, 2.59)a 

 
 
2.02 (0.71, 5.75) 
4.42 (1.42, 13.78) 

Hospital location (referent: rural) 
     Urban 

 
0.02 (-0.39, 0.43) 

 
1.01 (0.67, 1.51) 

Hospital control  
(referent: government/ private collapsed) 
     Government, nonfederal, public 
     Private, non-profit, voluntary 
     Private, investor-owned   
     Private, collapsed category 

 
 
-0.41 (-0.82, 0.00)a 
-0.06 (-0.33, 0.21) 
-0.04 (-0.29, 0.37) 
-0.59 (-1.23, 0.05) 

 
 
0.67 (0.44, 1.02) 
0.95 (0.73, 1.25) 
1.04 (0.75, 1.44) 
0.57 (0.30, 1.07) 

Note: Analysis conducted on the subsample of salmonellosis hospitalizations with no missing data for any of the covariates of 
interest, n=1,990. Native American was collapsed into the ‘other’ category due to small sample size. CI= confidence interval; 
AIDS= Acquired Immune Deficiency Syndrome. 
a p≤.05. 
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Figure 1. Salmonella discharges from the Nationwide Inpatient Sample, 2000 to 2011, United States 
(N=116,361).* 

 
*Includes primary and secondary (all-listed) salmonellosis diagnoses.  
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Integrating Sodium Reduction Strategies in the
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S
ince sodium is ubiquitous in the food supply,

recent approaches to sodium reduction have focused

on increasing the availability of lower-sodium products

through system-level and environmental changes. This article

reviews integrated efforts by the Los Angeles County Sodium

Reduction Initiative to implement these strategies at food venues

in the County of Los Angeles government. The review used

mixed methods, including a scan of the literature, key informant

interviews, and lessons learned during 2010-2012 to assess

program progress. Leveraging technical expertise and shared

resources, the initiative strategically incorporated sodium

reduction strategies into the overall work plan of a

multipartnership food procurement program in Los Angeles

County. To date, 3 County departments have incorporated new

or updated nutrition requirements that included sodium limits

and other strategies. The strategic coupling of sodium reduction

to food procurement and general health promotion allowed for

simultaneous advancement and acceleration of the County’s

sodium reduction agenda.

KEY WORDS: County, healthy food procurement, program
intervention, sodium limits

The average amount of sodium that Americans con-
sume remains considerably higher than the Dietary
Guidelines for Americans recommendations.1,2 As indi-
cated throughout this journal supplement, the main
sources of sodium come from sodium added to restau-
rant and processed foods before purchase,3,4 which
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leaves consumers (eg, patrons of food venues, includ-
ing vending) with very little choice about how much
sodium they consume or avoid. Multiple studies have
shown that foods consumed away from home are less
nutritious than foods consumed at home and have a
higher sodium density.5-7 Consumer choice is further
reduced because acquiring nutrition information while
eating away from home can be challenging, leaving
consumers without the knowledge they need to make
healthier choices.

Since sodium is ubiquitous in the food supply, re-
cent approaches to sodium reduction have focused on
increasing the availability of lower-sodium products
through system-level and/or environmental changes.
For example, implementing nutrition standards and
best practices as part of healthy food procurement
has become increasingly popular and an accepted ap-
proach for creating healthier food environments.3,8

Healthy food procurement encompasses a process of
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procuring, distributing, selling, and/or serving food
by which an entity gives priority to options that meet
healthy nutrition standards and/or put in place en-
vironmental modifications that specifically encourage
selection of healthier foods and beverages.9 An under-
lying premise for intervening at the level of the food
environment is the belief that increased demand for
lower-sodium food products from manufacturers and
food suppliers can be achieved through changes in or-
ganizational operation and contracting—that is, mak-
ing healthy eating the “default” choice for patrons of
these food venues.10 Organizational priority to procure
and serve more healthful foods can additionally drive
demand and place competitive pressure on food manu-
facturers to reformulate, produce, and distribute more
lower-sodium products.11,12 Sodium limits can be pro-
posed as part of nutritional requirements or as a condi-
tion for food service contract execution.9,12

In 2010, the Los Angeles County Department of Pub-
lic Health (DPH) received funding from the Centers
for Disease Control and Prevention’s (CDC) Sodium
Reduction in Communities Program (SRCP) to reduce
sodium consumption at the community level.13 This
funding allowed DPH to accelerate its sodium reduc-
tion agenda by establishing the Los Angeles County
Sodium Reduction Initiative (LACSRI) to introduce
and incorporate sodium reduction approaches into
the Department’s Healthy Food Procurement Initiative
(HFPI). The HFPI initiative targeted food venues within
the County government, at several school districts, and
in 10 cities. The SRCP funding allowed the DPH to
add key staff to provide technical support and strate-
gic guidance to the HFPI. Started in 2009, the program
initiative comprised members from the DPH Nutrition
and Physical Activity Program, representatives from
several community-based organizations, and staff from
the local Communities Putting Prevention to Work obe-
sity prevention program, RENEW LA County.14 At its
inception, the HFPI primarily convened planning meet-
ings to develop strategic directions for the initiative.

This article describes the process of integrating
sodium reduction into DPH’s broader, more compre-
hensive effort to advance healthy food procurement in
the County of Los Angeles government (County). It
also reviews programmatic achievements and lessons
learned from the LACSRI during 2010-2012.

● Sodium Reduction Efforts in Los Angeles
County, California

Context

Larger than 42 states combined, Los Angeles County
is one of the most diverse regions in the United

States, with approximately 9.8 million residents
and more than 100 different spoken languages.15

Geopolitically, the jurisdiction is home to a complex
array of governing agencies and municipalities. This
includes 88 incorporated cities (among them the City
of Los Angeles), 80 school districts, and the largest
county government in the nation—County of Los
Angeles. The latter comprises 37 departments and
more than 100 000 employees.15 Within this landscape
exist important opportunities to transform food en-
vironments through system-level and environmental
changes.

Early assessment

In fall 2009, the DPH conducted a criteria-based as-
sessment (methods including key informant interviews
are described elsewhere16) of different options for re-
ducing sodium consumption in the local population.
The results of this assessment suggested that a poten-
tially effective approach to accomplishing this task was
through the use of governmental food procurement
strategies aimed at changing food and/or vending
practices.16 A subsequent study found that develop-
ing or changing practices for procuring, distributing,
selling, and/or serving food represented a potentially
feasible strategy for reducing sodium consumption in
food venues controlled by the County of Los Angeles
government and that by addressing the unique needs
and constraints of these diverse venues through the use
of department-specific, “venue-based” approaches, the
changes could be more sustainable over time.17 In an
organization with a heterogeneous infrastructure and
that serves diverse functions, this approach was consid-
ered ideal, as it allowed for some customization of stan-
dards and requirements by department and by food
service venue. For example, a cafeteria in a juvenile
hall, which primarily serves children and adolescents,
can have different nutrient standards for meals served,
as compared with a cafeteria located in the Department
of Public Works where they serve employees and the
general public.

To guide the work of the LACSRI, the project team
reviewed the scientific literature as well as the broader
evidence base of reports, Web sites, and the assessments
described earlier. The team also considered the feasibil-
ity of implementing various sodium reduction strate-
gies in a large organizational setting.9,16-20 Of particular
interest to the team were interventions that would be
feasible to implement concurrently, including the fol-
lowing:

1. Incorporating sodium limits and other health and
sustainability guidelines (eg, nutrition standards) in
institutional food service environments.12,21
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2. Developing a gradual sodium reduction plan to im-
prove the quality and quantity of lower-sodium food
products over time.11

3. Improving patron choice by providing information
about sodium content at the point-of-purchase or
point-of-selection (eg, menu labeling).9,20,22-24

4. Influencing patron food selection through the use of
signage to promote lower-sodium products.21,25

5. Promoting fresh fruit and vegetable intake and water
consumption.26

6. Using pricing incentives or disincentives to make
lower-sodium products more competitive with ex-
isting products that are higher in sodium content.9,27

An opportunity to change County food environments

In March 2011, the County of Los Angeles Board of
Supervisors passed a motion requiring all County de-
partments involved in purchasing, distributing, selling,
and/or serving food to consult with the DPH prior to
the release of any Request for Proposals (RFPs) for new
or renewing food service and vending contracts.28 In
response to this motion, the LACSRI project team, in
collaboration with members from the HFPI, developed
and established a 5-phase process to support DPH’s
newly assigned function and to guide responses to
forthcoming workload.8 The 5 phases are as follows:
(1) needs assessment, (2) stakeholder education and
strategy development, (3) system change adoption, (4)
program or project implementation, and (5) compliance
monitoring and quality improvement. These phases
were developed to streamline and expedite DPH’s in-
ternal process for reviewing new and renewing food
service and vending contracts. Typically, only depart-
ments with new or an existing contract that is up for
renewal are required to consult with the DPH.

The LACSRI project team recognized that integrat-
ing sodium reduction as part of the HFPI would be
challenging, especially because the processes involved
were programmatically complex and would require
extensive coordination of outreach, stakeholder edu-
cation, and evaluation within multiple organizational
units in the DPH as well as with other County de-
partments. The DPH’s earlier work in promoting good
nutrition by reducing sugary drink consumption was
supported by personnel from RENEW LA County and
in-kind staffing from the DPH; however, this arrange-
ment did not provide optimal staffing and resources to
address new system-level and environmental changes
that were expected as a result of the County motion.
Thus, to address these needs, the DPH designated a
full-time equivalent position to facilitate and manage
the 5-phase planning process. An important advantage
of integrating sodium reduction into the HFPI was the

increased access to registered dietitians and policy an-
alysts who can assist with developing gradual sodium
reduction plans and other field interventions designed
to reduce sodium content in foods served by County
departments.

The LACSRI project team viewed adoption of
the motion on food procurement by the County as
an unprecedented opportunity to integrate sodium
reduction into the contracting process and operations
of a large number of County food venues (Objective 1,
Figure 1 ). County food venues serve a broad spectrum
of patrons, ranging from employees, incarcerated indi-
viduals, seniors, children, and the general public. Both
the LACSRI and the HFPI favored department-specific,
venue-based approaches as previously described. To
date, project staff have worked with several de-
partments to better understand their food practices,
existing nutrition standards, and opportunities for
increasing the healthfulness of the food they served.
Staff from each of the departments, for example, were
interviewed to assess food procurement practices
related to sodium as well as to other nutrients. The
Countywide assessment revealed which departments
were involved in procuring, distributing, and/or
selling food and the number of employees in each
of the 12 departments that were identified (Table 1).
Figure 2 shows the average number of meals served per
day by these departmental food service environments
(eg, worksite cafeterias, mobile trucks, snack shops).
The Countywide needs assessment also provided
LACSRI and HFPI staff a deeper understanding of
the processes and concerns of each department and
information to estimate the forthcoming workload (eg,
number of upcoming RFPs and contracts).

Following the needs assessment, LACSRI project
staff began educating stakeholders and worked closely
with other HFPI staff to develop a strategy to codify the
board motion. During this early stage of the effort, they
worked closely with stakeholders from 3 departments
(described later) to develop plausible strategies that
can be included in their food service and vending RFPs.
Through the RFP process, each selected food vendor
must comply with the specifications outlined by the
agency soliciting bids. These specifications were based
on DPH recommendations. The recommendations
were not limited to only sodium but also included
other nutrition-related procurement strategies that are
designed to improve overall nutrition. Sodium-specific
recommendations that were incorporated into these
RFPs have included but were not limited to the
following:

� Limiting sodium for meals/entrées to 600 mg or less
per meal/entrée, for sides to 360 mg or less per side,
and for snacks to 360 mg or less per snack (Table 2).
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FIGURE 1 ● Programmatic Framework for the Los Angeles County Sodium Reduction Initiative—Objective 1 (Under
Major Initiative)
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Long-term outcomes
PROXIMAL GOALS
• Decreased mean 

blood pressure in the 
County population.

• Improved blood 
pressure control 
among individuals with 
prehypertension and 
hypertension.

DISTAL GOALS
• Decreased 

cardiovascular (CVD) 
events such as heart 
disease, stroke, and 
chronic renal disease.

• Decreased CVD 
morbidity and 
mortality.

Intermediate outcomes
• Decreased daily intake 

of sodium in LA County.
• Decreased preference 

for high-sodium food 
items.

Short-term outcomes
• Increased public awareness, 

knowledge, or desire to 
consume lower-sodium foods.

• Increased public access to low- 
sodium foods.

• Decreased public access to 
high-sodium foods.

• Increased purchase of low-
sodium foods in both general 
and vulnerable populations.

• Reduced sodium content in 
meals at selected venues.

• Established capacity to 
provide information to 
consumers (eg, menu 
labeling, food venue signage).

• Increased reformulation of 
products by food suppliers.

• Evidence of food industry 
response to demand for lower- 
sodium food products.

Outputs of the initiative (Over 
the 3-y period)
• Completion of initial as well as 

interval assessments of 
readiness for 
system/environmental change 
in agency, school, and 
city/community settings.

• Arranged policy forums for key 
decision makers in food 
services.

• Formation of workgroups to 
address sodium-focused food 
procurement policies among 
various settings in LA County.

• Development and adoption of 
one or more venue-based low- 
sodium food policies/practices 
in food service venues in Los 
Angeles County (eg, in the 
County of LA, in LAUSD).

Major initiative
LOS ANGELES 
COUNTY SODIUM 
REDUCTION 
INITIATIVE (LACSRI)
• Develop and adopt 

venue-based food 
procurement 
policies or 
approaches in the 
County of LA and/or 
in other 
cities/communities 
(Objective 1).

• Improve access to 
healthy, low sodium 
food in schools 
(eg, LAUSD) 
(Objective 2).

• Prepare LA County 
restaurants and 
relevant 
stakeholders for 
federal menu 
labeling 
requirements 
(Objective 4).

Staff
• LAC-DPH 

Leadership
• LACSRI 

Project Team
• Choose 

Health LA 
County Food 
Policy Team

• Nutrition & PA 
Program

• Office of 
Health 
Assessment & 
Epidemiology

• Res. & Eval., 
Div. Chronic
Disease 

Partners
• Calif. State 

Dept. Public 
Health

• Leadership 
Team

• Community 
Coalition

Resources
• Technical 

Support from 
the CDC, 
CDC-
contracted 
firms, and 
other state and 
local agencies

Social media/public 
education 
(Objective 3*)
• Tailor, coordinate & 

disseminate 
messages using 
materials consistent 
with NSRI.

• Utilize social/other 
media to 
communicate with 
lay public regarding 
sodium reduction 
approaches.

• Partner with 
RENEW/Choose 
Health LA in their 
health marketing
campaigns.

Outputs of social media/public 
education
(Over the 3-y period)
• Construction of an integrated 

Web site.
• Development and construction 

of sodium specific Web-portal 
through existing DPH and 
ChooseHealthLA.com
Web sites.

• Creation and launching of 
LACSRI messaging via social 
media and other channels. 

• Completion of message 
development with 
dissemination plan consistent 
with the NSRI.

Inputs: What is 
needed to implement 
the program?

Activities: What are 
the components of the 
program?

Outputs: What are the direct, 
tangible results of the activities?

Outcomes: What are the desired results of the program?

Abbreviations: CDC, Centers for Disease Control and Prevention; DPH, Department of Public Health; LA, Los Angeles; LAC, Los Angeles County; LAUSD, Los Angeles Unified
School District; LACSRI, Los Angeles County Sodium Reduction Initiative; NSRI, National Salt Reduction Initiative; PA, Physical Activity.

� Developing a plan to gradually reduce the sodium
of foods served.

� Providing nutrient information on menus.
� Using signage and product placement that promotes

low-sodium food options (eg, fruit and vegetables
placed at checkout stands).

� Replacing canned foods with fresh food; but when
this is not feasible, lower-sodium versions of canned
foods are recommended.

� Implementing price incentives to encourage con-
sumption of lower-sodium options in venues where
patrons directly purchase food.

Although these sodium-specific recommendations
are considered core elements for inclusion in most
RFPs/contracts, they are not universally applicable, as
conditions may vary by department and by food venue.
For instance, the use of signage and product placement
is generally not applicable in institutionalized popu-
lations (eg, in juvenile halls and probation camps), as
most meals are planned without patron input in these
settings.

● Achievements to Date

Three of the 12 County departments that procure,
distribute, sell, and/or serve food (Table 1) during
2010-2012 incorporated new or updated nutrition
standards and requirements into their food service
and vending processes. These new or updated stan-
dards and requirements included sodium limits and
several best practices in healthy food procurement
(eg, use of signage, pricing incentives, and menu
labeling) (Table 2). They were established through
modifications of existing administrative procedures
or included as part of the RFP or contracting pro-
cess. The Department of Corrections (Probation), for
instance, incorporated sodium limits into their RFP
process for selected food vendors that serve meals
to children and adolescents in juvenile halls and
probation camps. The Department of Public Works
incorporated both sodium limits and other best
practices in healthy food procurement as part of their
RFP and in the subsequent vendor contract for its

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

46



S20 ❘ Journal of Public Health Management and Practice

TABLE 1 ● Organizational Structure in the County of Los
Angeles Government, 2010-2012
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Organizational Structure n

Total number of departments 37
Total number of departments that procure, distribute, sell,
and/or serve food

12a

Approximate number of departments that provide services to the
following groupsa:
Children 3
Seniors (age 65+) 1
Institutionalized populations 2
Employees 9
Community members/visitors 4

Approximate numbers of employees in the 12 departments that
procure, distribute, sell, and/or serve food
Beaches & Harbors 255
Chief Executive Office 501
Children & Family Services 6 500
Community Development 480
Senior Services 504
Fire Department 5 000
Health Services 21 700
Parks and Recreation 1 461
Probation 5 800
Public Works 5 000
Sheriff’s 18 000
Internal Services 2 235

aApproximation based on a Countywide departmental assessment.

central cafeteria; the cafeteria serves not only the
Department of Public Works staff but also other staff
from other departments housed in adjacent offices. The
Department of Health Services took similar action to
include sodium limits, menu labeling, and signage as
part of their hospital cafeteria RFP; these specifications,
however, have not taken effect due to administrative
delays in vendor selection. Collectively, these sodium
reduction strategies in the 3 departments have the
potential to affect more than 100 000 meals served
per day in the County of Los Angeles (Figure 2). As
the LACSRI continues to work alongside the HFPI,
further sodium reduction innovations may come
to fruition, as forthcoming RFPs/contracts present
additional opportunities to advance and evaluate food
procurement strategies in the County of Los Angeles.

● Lessons Learned

Although the County departments described in this
article varied in their mission, organizational structure,
and geopolitical landscape, 3 key lessons emerged from
the SRCP experience in Los Angeles County.

FIGURE 2 ● Food Service Environments in the County of
Los Angeles Government, 2010-2012
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

1. Implementation takes time and effort. The County of
Los Angeles Board Motion granting authority to the
DPH to review and make recommendations on all
new or renewing food service and vending contracts
served as an important foundation for improving
the food environment in County departments. How-
ever, adoption of this mandate was only the first
step of a lengthy process for codifying the innova-
tive changes in practice. The presence of the motion,
for example, did not automatically change the envi-
ronmental context, potential barriers to implemen-
tation, or the work needed to sustain the practice
innovations. In most instances, technical assistance
was required to assist each department and its ven-
dor(s) with compliance and implementation of the
required practices. This process, as well as buy-in
from the department, vendor, and food venue pa-
trons, has taken some time to achieve.

2. Multiple strategies to reduce sodium content in food
can work synergistically. The LACSRI took advan-
tage of the opportunity to implement an array of
sodium reduction strategies by integrating them
into a broader County initiative supported by
multiple efforts (eg, RENEW LA County, Choose
Health LA) to promote healthy food procurement.
During the SRCP, procurement requirements were
changed to include not only sodium limits but
also other nutrient limits and practices that had
the potential to decrease sodium consumption (eg,
promotion of fruit and vegetables using signage,
portion control). Each of these strategies led to
positive changes in the food environment and, to-
gether, reinforced and supported sodium reduction
in the overall food procurement effort. An important
lesson learned in this process was the synergies that
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TABLE 2 ● Strategies Adopted to Reduce Sodium Content
in Foods Procured, Distributed, Sold, and/or Served by
Food Venues in the County of Los Angeles, 2010-2012a

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Recommendations What Was Affected?

Sodium limits established for
meals/entrées and sides:

The following food categories must meet
recommended sodium limitsb:

≤600 mg per meal/entrée Main dish/entrées
≤360 mg per side Side items

Combination meals
Sodium limits established for

snacks: ≤360 mg per
snack

All snacks sold (including those in
vending machines) must follow
established sodium limits as
recommended by the Los Angeles
County Department of Public Health

Other recommended
practices that may reduce
sodium consumption

Departments with new or renewing food
service and vending contracts were
asked by the Los Angeles County
Department of Public Health to
integrate the following practices that
may help reduce sodium content or
intake:
Menu labeling
Signage and product placement that

promote low-sodium food options
(eg, fresh fruit and vegetables)

No salt added or elimination of canned
foods, if feasible

Gradual sodium reduction plan

aStandards specific to County of Los Angeles hospital and workplace cafeterias (ie,
does not include standards for distributive meal programs).
bThese standards are for food sold by cafeterias and concession services on govern-
ment property.

multiple sodium reduction strategies created with
other food environment interventions.

3. Advantages of coupling sodium reduction to broader ef-
forts to improve nutrition. Incorporating sodium re-
duction as part of a broader nutrition message was
advantageous to the LACSRI because it allowed the
subject to be introduced and discussed innocuously
as part of an overall agenda on health. Not having to
singularly convince food service directors or man-
agers to consider sodium reduction by itself enabled
the project team to focus more attention on other bar-
riers to implementation, such as the complex and
time-consuming administrative procedures in con-
tracting, the nuances of writing contract language,
and the variable levels of consumer acceptance of
lower-sodium food offerings.16

Applying an integrative approach to sodium re-
duction in the County of Los Angeles allowed for si-
multaneous advancement and acceleration of several
food procurement changes in County venues and in

other local food service and vending environments. In
concert with other efforts in schools, in the retail en-
vironment, and through public education or health
marketing, multisectoral partnerships are emerging as
necessary components for achieving the full benefits
of reducing sodium consumption in the population.29

These local efforts, together with national efforts,2 can
cumulatively lead to a potential shift in the demand for
lower-sodium products and serve as the first big step
toward changing the food supply toward a healthier
norm.

● Conclusion

The LACSRI experience in the County of Los Ange-
les provides real-world context and lessons learned
on the plausibility and potential of local efforts to re-
duce sodium consumption in the community, featuring
workable models of practice and cross-learning oppor-
tunities for other jurisdictions to consider, especially
among those that are ready to take action.
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Evaluating Changes to Sodium Content in School
Meals at a Large, Urban School District in Los
Angeles County, California
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Context: Children consume more than one-third of their daily

food intake in schools, suggesting that these environments are

ideal places for intervening on poor dietary behaviors. Objective:
To assess the impact of strategy-focused menu planning on the

sodium content of student meals served in the Los Angeles

Unified School District (LAUSD). Design: Pre- and post-LAUSD

menu change analyses for school years (SY) 2010-2011 and

2011-2012 were performed using nutritional analysis data and

food production records. The analyses assessed changes in

sodium content by meal categories. Setting: 900+ schools,

grades K-12, operated by the LAUSD. Participants: The LAUSD

Food Services Branch, which serves about 650 000 meals per

day. Intervention: A multistage menu planning approach that

focused on implementing evidence-based strategies to improve

the nutritional content of school breakfast and lunch menus.

Engagement and formation of multisectoral partnerships,

including public health and parent/student groups, were vital

elements of the intervention process. Main Outcome
Measure(s): Sodium content changes in the LAUSD menu, SY

2010-2011 versus SY 2011-2012; other measures include

documentation of program reach. Results: From SY 2010-2011

to SY 2011-2012, the mean unweighted sodium levels for

elementary (K-5) breakfast and for secondary (6-12) breakfast

and lunch decreased. These changes met or exceeded the

2014-2015 US Department of Agriculture sodium targets for

school meals and for secondary breakfast, the 2022-2023

target(s). These results, however, were not as notable once

student food selection patterns (weighted data) and condiments

were considered in the analysis. Conclusions: Use of

J Public Health Management Practice, 2014, 20(1), S43–S49
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strategy-focused menu planning as a mechanism to reduce

sodium in school meals appeared to be promising,

demonstrating favorable declines in mean sodium levels for at

least 3 of 4 meal categories in the LAUSD. Student food

selection patterns and condiments use, however, can affect the

strength of the intervention.

KEY WORDS: healthy food procurement, school health, school
meal program, sodium limits

The importance of sodium reduction to decrease
cardiovascular disease risk cannot be overstated.1 A
large body of evidence supports the health benefits
of lowering sodium in the diet of the average per-
son and for special populations (eg, children, African
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Americans, those with cardiovascular disease, and
older adults).2-4 The average amount of sodium that
Americans (including children) consume daily remains
substantial (>3400 mg per day) and significantly higher
than the Dietary Guidelines for Americans recommenda-
tions (no more than 1500 mg per day for almost half of
US adults and children).5,6 Although individual choice
plays an important role, the environment is the criti-
cal driving force for this public health problem.7-12 As
stated throughout this supplement, the main sources of
sodium are restaurant and processed foods, including
foods served in school cafeterias.3,13

The literature suggests that access to foods in schools
influences children’s dietary behaviors, both in the
short term and in the long term.2,14 Thus, schools are
increasingly seen as ideal places to improve nutrition,
since US children consume more than one-third of their
daily food intake in these environments.15,16 The re-
cent updates to the US Department of Agriculture’s
(USDA’s) nutritional requirements for the federally
subsidized National School Lunch Program (NSLP)
and the School Breakfast Program (SBP), for exam-
ple, represent transformative opportunities for public
health to incorporate and further accelerate sodium re-
duction in the daily processes of school districts, es-
pecially in low-income, urban areas. In Los Angeles
County, this translated to an unprecedented oppor-
tunity to affect change in the nation’s second largest
school meal program—the program operated by the
Food Services Branch (FSB) of the Los Angeles Unified
School District (LAUSD).

In 2010, the Los Angeles County Department
of Public Health (DPH) received funding from the

Centers for Disease Control and Prevention’s Sodium
Reduction in Communities Program (SRCP) to re-
duce sodium consumption at the community level
through the use of system-level and environmental
change strategies.17 This funding allowed the DPH to
accelerate its sodium-reduction effort (the Los Angeles
County Sodium Reduction Initiative) by adding staff
support and technical assistance resources to an ex-
isting departmental healthy food procurement initiative;
the initiative is described elsewhere in this journal
supplement.18 The LAUSD school meal program was
among the institutional settings that were targeted
by this sodium-reduction effort. For this particular
program objective, the DPH in collaboration with
the LAUSD was successful in introducing and incor-
porating a number of sodium-reduction strategies
into the LAUSD-FSB menu planning process. The
strategy-focused approaches that were introduced and
implemented included the following: (1) sodium limits
as part of the school district’s comprehensive nutrition
policy, menu planning (eg, taste tests with students
and parents), and food procurement (eg, working
with vendors to procure lower-sodium foods); (2)
environmental modifications such as signage at point-
of-selection or health education materials to promote
consumption of more fruits and vegetables; and (3) an
awareness campaign (I’m In) to prepare students and
parents for forthcoming changes to the menu (Table 1).

In this article, we discuss the evaluation of menu
changes made to the LAUSD school meal program,
comparing the mean sodium levels by meal categories
for school years (SY) 2010-2011 (pre–menu change)
and 2011-2012 (post–menu change). Of particular

TABLE 1 ● Sodium Limits and Other Menu Changes in the LAUSD School Meal Program, SY 2010-2011 Versus
SY 2011-2012
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Category SY 2010-2011 SY 2011-2012

Menus (by grade category) Elementary breakfasta Breakfastb

that must meet recommended Elementary luncha Elementary luncha

school nutrition standards Secondary breakfastc Secondary lunchc

Secondary lunchc

Planning of nutrition standards
for meals

Nutrient-based menu planning Food-based menu planning, including new sodium limits, from the USDA’s
Final Rule, which is based on the Institute of Medicine recommendations

Sodium limits Less than 1100 mg of sodium
averaged over the weekd

Less than 1500 mg of sodium per
meald

Less than 1100 mg of sodium averaged over the weekd

Less than 1500 mg of sodium per meald

Other alternatives for achieving the sodium-level requirementse: offer more
fruits and vegetables; offer more reduced sodium food options; adopt
age-appropriate portion control guidelines

Abbreviations: LAUSD, Los Angeles Unified School District; SY, school year; USDA, US Department of Agriculture.
aIn general, includes grades K-5.
bIncludes grades K-12.
cIn general, includes grades 6 to 12.
dNot specified under the National School Meals Program standards; specific to the LAUSD.
eFirst sodium targets go into effect in SY 2014-2015.
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interest is whether the incorporation of sodium lim-
its in the new school meal program menu for 2011-2012
resulted in actual lowering of the mean sodium content
for the meals served by the LAUSD-FSB and whether
the changes in the sodium content met the sodium tar-
gets recommended by the Institute of Medicine (IOM);
these targets were later adopted (post–menu change)
by the USDA’s Final Rule for school meals on January
26, 2012.2,3 The article concludes by discussing the im-
plications of these changes to other school districts in
Los Angeles County and nationally for districts inter-
ested in taking similar action.

● Methods

The USDA NSLP and the SBP require reporting
from all participating school districts for compliance
purposes.19 In the LAUSD, interval reporting is based
on analyses of nutritional content of the NSLP and
SBP menus and monitoring of food production by
meal categories: elementary (K-5) breakfast and lunch
and secondary (6-12) breakfast and lunch. The One-
Source Point-of-Service software (Horizon Software
International, Duluth, Georgia) was used to analyze
all 4 menus for nutritional content. OneSource uses
the USDA database as the source for food nutrient
data. The software is continually updated to provide
necessary data as required by the USDA NSLP. The
menu items were entered into the Point-of-Service sys-
tem and analyzed for total fat, saturated fat, trans fat,
food energy (kilocalories), carbohydrates, cholesterol,
dietary fiber, protein, iron, calcium, sodium, and vita-
mins A and C; this article presents data for sodium
only. Through a data-sharing arrangement with the
LAUSD-FSB, the DPH gained access to these nutri-
tional analysis data for the months of October 2010 and
October 2011, which corresponded to the pre– and
post–menu change periods that were selected for anal-
ysis. The DPH also gained access to the food production
records (up to a total of 9 months per school year); the
food production records provided information on left-
overs and patterns of food selection among students
by food categories (eg, entrées, sides, dairy products,
condiments). Both data sets (nutritional analysis and
food production records) were rigorously cleaned and
processed iteratively by the DPH prior to the analysis.

Comparative analysis

The mean sodium levels before and after the new menu
changes were estimated by analyzing the food offer-
ings outlined in the menus. The corresponding nu-
tritional analysis data and food production records
were extracted from the data files for October 2010 and

October 2011. The month of October was selected for
this comparative analysis because it offered a reason-
able time window of at least 6 weeks from the start
of the school year to allow for all menu changes to be
fully implemented. A length of 12 months between pre–
menu change (SY 2010-2011) and post–menu change
(SY 2011-2012) was selected to account for operational
factors (eg, procurement costs that might affect the
number and type of entrées/sides produced and of-
fered; seasonal variability, such as quality and quantity
of fruits and vegetables offered; and attrition [eg, elim-
ination of flavored milk during the school year]). For
SY 2010-2011, 4 different meal categories were offered
at the LAUSD: elementary breakfast, elementary lunch,
secondary breakfast, and secondary lunch. For SY 2011-
2012, the breakfast categories were consolidated into
one category because meal offerings were the same for
both elementary and secondary breakfasts. In general, the
choice of offerings for elementary breakfast and lunch
(meal categories) was served to students in grades
K-5 whereas secondary breakfast and lunch (meal cat-
egories) were served to students in grades 6 to 12. In
some schools, the grade levels were mixed (eg, K-12,
continuation schools, special education); these schools
were excluded after sensitivity analyses revealed no
difference in mean estimates when these schools were
included versus excluded from the analysis. Schools
that had missing data were also excluded from the
analysis. In SY 2010-2011, the LAUSD comprised 916
schools; this number increased to 938 schools in SY
2011-2012. After applying the aforementioned exclu-
sion criteria, final sample sizes for the comparative
analysis were as follows: n = 683 for SY 2010-2011 and
n = 728 for SY 2011-2012. These numbers reflect the
availability of the data for the school site and the com-
pleteness of food production records to weight the data.
Characteristics of the schools, including enrollment for
SY 2010-2011 and SY 2011-2012, are given in Table 2.

Nutritional content data: Estimating mean sodium
level per meal, by meal category

The nutritional content of the SY 2010-2011 and SY
2011-2012 menus was determined using the nutritional
composition records for each menu item provided by
the LAUSD; these data were ascertained using the nu-
tritional analysis software described earlier to analyze
information contained in menu recipes. Each meal in
each meal category was offered as an assortment or a
combination of entrées, at least one side, a milk op-
tion, and condiments related to the entrée choice. To
account for variation in student selection of entrées
(eg, meat vs vegetable options), weights were deter-
mined using the food production records provided by
the LAUSD and were applied to the mean estimates
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TABLE 2 ● Characteristics of the Los Angeles Unified School District at Baseline (SY 2010-2011) and at Post–Menu
Change (SY 2011-2012) for the National School Lunch Program and School Breakfast Programa

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

SY 2010-2011 [Total for SY, SY 2011-2012 [Total for SY,
District Characteristics n = 688 138 Students], n (%) n = 662 140 Students], n (%)

Total school sites 916b 938c

Student enrollment (K-12)
Elementary schools (grades K-5) 310 012 (45.1) 309 545 (45.1)
Middle schools (grades 6-8) 125 631 (18.3) 122 729 (18.3)
High schools (grades 9-12) 187 200 (27.2) 182 570 (27.2)
K-12 schools (all grades) 11 906 (1.7) 13 718 (1.7)
Other schools and centers (eg, special education) 32 502 (4.7) 33 578 (4.7)

Race/ethnicity
Hispanic 505 093 (73.4) 478 727 (72.3)
Black, not Hispanic 68 126 (9.9) 63 565 (9.6)
White, not Hispanic 60 556 (8.8) 66 876 (10.1)
Asian 26 837 (3.9) 26 486 (4.0)
Otherd 26 837 (3.9) 25 823 (3.9)

Free or reduced price meal enrollment (proxy for low-income or poverty
status in the community, as it relates to the location of the school)

523 673 (76.1) 499 916 (75.5)

aFrom California Department of Education Data Quest.
bA total of 683 schools (of the 916) were included in the present analysis.
cA total of 728 schools (of the 938) were included in the present analysis.
dOther category includes Filipino, Pacific Islander, American Indian/Alaska Native, and multiple or no response (ie, information not reported).

of sodium levels for each of the entrées offered in the
menus. The number of entrées selected was calculated
by subtracting the leftovers from the total food offered
for each day. This number was used to determine the
fraction of the total number of entrées served out of the
total number of entrées made that day for students. Al-
though the menu would often repeat itself throughout
the month, nutritional content varied according to the
daily popularity of each of the entrées. For example, the
Café LA Coffee Cake was served on several occasions
for breakfast in October 2010; however, the amount of
sodium this item contributed to the daily nutritional
content varied depending on how many students se-
lected it compared with the other entrée available. On
any given day, for all meal categories, there were at
least 2 entrée options to choose from for both break-
fast and lunch. The mean sodium levels for each meal
were estimated on the basis of a formulaic series of
calculations. These calculations took into account the
mean estimates for entrées weighted by student se-
lection pattern (as described earlier); the absolute or
mean estimates for sides (sometimes only one side is
offered during the meal period); the mean estimates for
the choice of milk; and the mean estimates for condi-
ments added (see equations A and B). The final es-
timates were based on averaging daily meal offering
estimates over the month. Confidence intervals (95%
CIs) were calculated for each mean estimate and used
to assess whether a significant change was present in
sodium content due to the new menu changes. Mean

sodium levels were then compared against the IOM and
USDA standards outlined in the final rule for school
meals.2

The following formulas (equations A and B) for es-
timating mean sodium level per meal, based on the
number of choices offered during the meal period, were
used:

Weighted entrée (1 choice out of 2) + sides1 ... n (mean)
+ choice of milk (mean) + condiments (mean) (A)

Weighted entrée (1 choice out of 3) + sides1 ... n (mean)
+ choice of milk (mean) + condiments (mean) (B)

Data analysis and institutional review board
considerations

All calculations were performed using Statistical Anal-
ysis Software (version 9.3; SAS Institute, Cary, North
Carolina). Prior to the analysis, all data sets, data
management protocols, and estimation procedures
were reviewed and approved by the Los Angeles
County DPH’s institutional review board. Since nu-
tritional analysis data and food production records
contained no individual identifying information, they
were considered exempt by the institutional review
board.
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● Results

From SY 2010-2011 (pre–menu change) to SY 2011-2012
(post–menu change), the mean unweighted sodium
levels per meal for elementary and secondary breakfast
decreased by 33.8% and 53.5%, respectively. Post–menu
change, the mean unweighted sodium levels per meal
for elementary and secondary breakfast were both 494.3
mg (95% CI, 424.0-564.6), which met the IOM and
USDA 2014-2015 elementary breakfast target and the
2022-2023 secondary breakfast target (Table 3). For sec-
ondary lunch, the mean unweighted sodium level per
meal was 1089.8 mg (95% CI, 962.1-1217.6) post–menu
change, a decrease of 4.2% from SY 2010-2011. For ele-
mentary lunch, however, the mean unweighted sodium
level per meal increased by 10.2%.

Results were not as notable once student food se-
lection patterns (weighted data) and condiments were
considered in the analysis. After weighting, elementary
breakfast mean sodium level per meal (including cond-
iments) decreased by only 13.3% (mean difference =
79.5 mg) as opposed to the 33.8% decrease (mean dif-
ference = 252.5 mg) observed for the unweighted data.
Similarly, the mean sodium level per meal for sec-
ondary lunch (including condiments) increased with
weighting, diminishing the magnitude of the differ-
ence seen between SY 2010-2011 and SY 2011-2012
(Table 3).

● Discussion

With the support of the LAUSD Board of Education
and early engagement of students, parents, and com-
munity stakeholders, the LAUSD-FSB in partnership
with the DPH successfully changed the food offer-
ings of the school meal program for SY 2011-2012. In
concert with the Los Angeles County Sodium Reduction
Initiative, the DPH was able to strategically integrate
sodium reduction (eg, sodium limits and other environ-
mental modifications such as promotion of fruits and
vegetables, which are low-sodium food options) into
the broader, more comprehensive agenda on health,
which was adopted by the LAUSD-FSB in its menu
planning for SY 2011-2012. The present findings re-
flect these efforts and highlight the favorable changes
that took place during the SRCP experience in the
LAUSD.

Indeed, the present comparative analysis indicates
that mean unweighted sodium levels for 3 of 4 meal cat-
egories decreased post–menu change, suggesting that
applying sodium limits to school meals is a plausi-
ble intervention for large, urban school districts such
as the LAUSD, which serves about 650 000 meals per
day. The addition of weighting procedures to account TA
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for student selection pattern in the mean sodium esti-
mates (per meal) was both innovative (not previously
done with regularity for this type of analysis) and nec-
essary to draw more realistic conclusions about this
strategy’s impact, as individual student choices play
a critical role in determining the strength of system-
level and environmental change interventions.11,14 The
weighted results, for example, likely reflected varia-
tions in the student selection of entrées (eg, the stu-
dents consistently chose more meat options than veg-
etable options). Similarly, condiments played a role and
affected the magnitude of the decline in sodium aver-
ages. Condiments can add in excess of 44.3 to 317.9 mg
of sodium to each meal (see footnotes in Table 3). Fi-
nally, the differences observed between the menus for
SY 2010-2011 and SY 2011-2012 should be interpreted
conservatively, ideally within the context of LAUSD’s
conversion from a nutrient-based menu planning pro-
cess to one that is based on food categories (food-based)
(Table 1). This conversion was undertaken in response
to the new USDA Final Rule and likely contributed to
the further lowering of mean sodium levels by the ad-
dition of more fruits and vegetables offered in the SY
2011-2012 menu.

Limitations

Results from the present analysis are subject to sev-
eral limitations. First, the nutritional analysis data from
the LAUSD were compiled using nutritional software
that analyzed information from menu recipes. While
this is generally considered an acceptable, high-quality
alternative to laboratory nutrient analysis (gold stan-
dard), possible data entry and software user errors
may have occurred and lessened the internal validity of
the method.20 Second, cleaning, managing, and analyz-
ing food production records was labor- and resource-
intensive since these records are not collected for the
sole purpose of evaluation. The records were also sub-
ject to a variety of coding errors. For example, schools
sometimes coded an entrée using the incorrect recipe
ID or they mislabeled the meal category (eg, elementary
breakfast rather than secondary lunch). Unlike entrées
and sides, recordings of condiments quantity were fre-
quently inconsistent in these records. Third, there was a
small difference in the number of schools from SY 2010-
2011 to SY 2011-2012 (difference = 45 schools) included
in the analysis for each of the 2 years, which reflects the
availability of food production records for each school.
However, the results were not significantly influenced
by this difference. Finally, missing data were commonly
encountered during data analysis. This, however, was
expected, as real-world data files are generally not as
complete or rigorously cleaned as data collected for the
sole purpose of research.

● CONCLUSIONS

The use of strategy-focused menu planning as a mech-
anism to reduce sodium in school meals appeared to be
promising, demonstrating favorable declines in mean
sodium levels for at least 3 of 4 meal categories in the
LAUSD. Student food selection patterns and condi-
ments use, however, appeared to affect the strength
of the intervention. More research and evaluation are
clearly warranted to study these and other complex
food selection behaviors and menu change interven-
tions in public schools. Findings and lessons learned
from this analysis provide real-world context and data
that have utility for informing menu planning in other
school districts interested in taking similar action as the
LAUSD.
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Objective. To compare changes in nutrient levels of schoolmeals before and after implementation of nutrition
interventions at five school districts in two, large U.S. counties. School menu changes were compared against
national school meal recommendations.

Methods. A large urban school district in Los Angeles County (LAC), California and four school districts in
suburban Cook County (SCC), Illinois implemented school meal nutrition interventions. Nutrition analyses were
conducted for school breakfast and lunch before and after changes were made to the meal programs. Means, %
change, and net calories (kilocalories or kcal) offered as a result of the nutrition interventions were calculated.

Results. School districts in both counties made district-wide changes in their school breakfast and lunch menus.
Menu changes resulted in a net reduction of calories, sugar, and sodium content offered in themeals. Net fewer cal-
ories offered as a result of the nutrition interventionswere estimated to be about 64,075 kcal per student per year for
LAC and 22,887 kcal per student per year for SCC.

Conclusions. Nutrition interventions can have broad reach through changes in menu offerings to school-aged
children and adolescents. However, further research is needed to examine how these changes affect student food
selection and consumption.

© 2014 Elsevier Inc. All rights reserved.

Introduction

The prevalence of childhood obesity in the United States (U.S.)1 has
doubled for children and tripled for adolescents in the past 30 years.
This is approximately 17% (12.5 million) of all children and adolescents
ages 2–19 who are now obese (NCHS, 2012; Ogden and Carroll, 2010).
Combating childhood obesity has been challenging due in part to the
many and complex factors that are involved — the food environment
being themost important of these factors (Drewnowski, 2004). For chil-
dren and adolescents, school nutrition programs are amajor component

of the food environment. Recognizing the central role that school nutri-
tion can play in protecting health, a number of recent federal initiatives
have invested substantively in school-based nutrition interventions
aimed at improving the quality of foods served in school breakfast and
lunch programs (Briefell et al., 2009; Bunnell et al., 2012; USDA,
2010). Improving the nutritional quality of food through the establish-
ment of nutrient limits and other healthy food procurement practices
in schools has emerged as a viable strategy for assuring a balanced
diet and reducing childhood obesity in the U.S. (Briefell et al., 2009;
Robles et al., 2013). National agencies, such as the Institute of Medicine
(IOM)2 and the Alliance for a Healthier Generation, are supportive and
have recommended this strategy as a way to lower caloric content in
school meals, while preserving or improving their nutritional value
(Alliance for a Healthier Generation, 2011; IOM, 2009).
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Although studies of school-based nutrition interventions are abun-
dant in the literature (Doak et al., 2006; Katz et al., 2008; Roseman
et al., 2011), few have described the core elements of design or the pro-
cess by which these approaches can be implemented successfully in
practice. To date, there are limited comparisons of nutrient changes in
school menus after the implementation of school meal standards
consistentwith the Institute ofMedicine, Alliance for a Healthier Gener-
ation, or the U.S. Department of Agriculture (USDA)3, especially for
communities with a high prevalence of child obesity.

In 2011, a large, urban school district in Los Angeles County (LAC)4,
California incorporated IOM recommendations in their menu planning
of school meals for the school year (SY)5 2011–12. Four school districts
in suburban Cook County (SCC)6, Illinois implemented similar changes
in their school meal programs; these changes aligned with the Alliance
for a Healthier Generation school meal recommendations. In both
counties, the nutrition interventions were implemented in advance of
the USDA Final Rule for the National School Breakfast and Lunch Pro-
grams (NSBP/NSLP)7 (USDA, 2012). Both counties were also awardees
of the Centers for Disease Control and Prevention's (CDC's)8 Communi-
ties Putting Prevention to Work (CPPW)9 program during 2010–2012
(Bunnell et al., 2012). Because the reach and impact of these nutrition
strategies are often not well characterized in the literature, we de-
scribed key meal program changes by nutrient categories for the five
school districts thatmodified their SY 2011–12menus tomeet nutrition
standards recommended by the IOM and the Alliance.

Methods

Nutrition interventions, school year 2010–11 to 2011–12

In addition to following the IOM and Alliance recommendations, LAC and
SCC included other strategies as part of their nutrition interventions (Table 1).
These nutrition interventions were developed and implemented using food-
based menu planning and aligned closely with anticipated changes to the
USDA nutrition standards for school meals (USDA, 2012). For this comparison,
LAC and SCC were selected for the following reasons: 1) school districts in
both counties have parallel missions and similar operational scope; 2) LAC is
one of, and SCC is located within one of, the largest counties in the nation and
bothhave themost diverse student populations in theU.S. (Table 2); 3) they im-
plemented comparable district-wide nutrition interventions that utilized
healthy food procurement strategies (Table 1); 4) they periodically evaluated
their school meal programs using nutrient analysis to monitor food quality;
and 5) they were awardees of the national CPPW program during 2010–2012.

Nutrient analysis in Los Angeles County

In order to ensure adherence with the USDA nutrition standards, nutrient
analyses of meal program menus are routinely performed by participants of
the NSBP and NSLP. Through a data-sharing agreement with the Los Angeles
Unified School District (LAUSD)10 Food Services Branch (FSB)11, the Los Angeles
County Department of Public Health (DPH)12 gained access to the nutrient anal-
ysis data for the months of October 2010 and October 2011, corresponding to
the pre- and post-menu changes that took place as part of the school-based nu-
trition interventions implemented in LAC. The nutritional analysis was per-
formed using the OneSource Point-of-Service software (Horizon Software
International, Duluth, Georgia). OneSource uses the USDA food nutrient data-
base to analyze recipes of food items on the menu; the database is continually
updated to align with the NSBP and NSLP requirements. LAC analyzed the

following nutrients: total fat, saturated fat, trans-fat, food energy (kilocalories
or “kcal”), sugar, carbohydrates, cholesterol, dietary fiber, protein, iron, calcium,
sodium, and vitamins A and C. In this article, we present nutrient data only for
those collected by both LAC and SCC— i.e., trans-fat, carbohydrates, cholesterol,
iron, and calcium were not included in the comparison analysis.

Data for themonth of Octoberwere used for both school years because they:
1) allowed for assessments at two time points spaced apart by a 12-month in-
terval, and 2) accounted for a 4–6 week start-up window, during which time
the newmenu underwent selected adjustments. The 900+ schools (grades kin-
dergarten [K]–12) of the LAUSD were included in the analysis for LAC. Detailed
methods for the analysis methods have been described elsewhere (Cummings
et al., 2014). Briefly, the analysis examined mean levels, 95% confidence inter-
vals (CIs), and changes in nutrient content for student meals served during SY
2010–11 (n= 931 schools) and SY 2011–12 (n= 947 schools). The difference
in number of schools included reflects the availability of the data for the two
different academic years.

In SY 2010–11, four different meal categories were offered by the FSB: ele-
mentary breakfast, elementary lunch, secondary breakfast, and secondary
lunch. Elementary grades include K–5 and secondary grades include 6–12. FSB
served the same breakfast offerings for elementary and secondary grades in
SY 2011–12; thus, these categories were combined for this school year. Each
meal in each category (e.g., elementary lunch, secondary lunch) was offered
to students as an assortment of entrées, at least one side option, milk, and con-
diments. Using estimation methods published previously by Cummings et al.
(2014), nutritional content of the entrées, milk, and condiments were averaged
and all sides were added into the total. These daily estimates were averaged for
the entire month. For secondary school meals, the three lunch entrée options
were averaged and for elementary school meals the two lunch entrée options
were averaged. All analytic calculationswere performedusing the SAS statistical
software package, version 9.3 (SAS Institute, Cary, North Carolina, USA). The LAC
protocol was reviewed and approved by the Los Angeles County Department of
Public Health Institutional Review Board (IRB).13 Since nutrient analysis data
contained no individual identifying information, they were considered “ex-
empt” by the IRB.

Nutrient analysis in suburban Cook County

Four school districts (n= 42 schools, grades prekindergarten [PK]–8) were
randomly selected from a sample of seven eligible school districts in SCC to par-
ticipate in SCC's CPPW Model Communities' Program. To be eligible, districts
had to include elementary schools; as a result, the four participating districts
in the program were strictly elementary school districts with a grade range of
PK through 8. Each school district in SCCwas required to post-menus and nutri-
tional content online or make the information available to the public upon re-
quest. Menus for each of the four participating districts for the time periods
May–June 2011 and March–May 2012 were collected and verified for adher-
ence through observational audits during mealtime, randomly sampling ap-
proximately 25% of the schools, yielding 10 schools from the four districts.
Utilizing similar nutritional analysis software as LAC, the main dish entrée,
any side dishes listed on themenu, and the lowest caloriemilk option for school
meal nutrients were estimated as part of the daily totals. In cases where a range
of side disheswere offered, only one of eachwas used in the calculation (e.g., for
schools where students may choose up to 2 fruits or vegetables and up to 2
bread options, only 1 piece of fruit and 1 piece of bread was included in the cal-
culation). This is based on the assumption that most students, on average, will
take one of each side offered. Daily nutrient averages for each week were esti-
mated by summing the daily total for each school and dividing by the total num-
ber of school days with menu data for that specific week. These weekly
estimates were averaged for the three weeks. Unlike LAC, the selected school
districts in SCC are small and preferred not to be identified by name. Thus, in
the analysis they are labeled as District A, B, C, and D. The SCC protocol was
reviewed and approved by the Ann and Robert H. Lurie Children's Hospital of
Chicago Research Center Institutional Review Board.

Comparison

All LAUSD schools in LAC and all schools in the four selected school districts
in SCC were included in the comparison described for the school years (SY)
2010–11 to 2011–2012. To compare the changes in nutrient levels after

3 USDA= U.S. Department of Agriculture.
4 LAC = Los Angeles County.
5 SY = School Year.
6 SCC = suburban Cook County.
7 NSBP/NSLP = National School Breakfast Program/National School Lunch Program.
8 CDC = Centers for Disease Control and Prevention.
9 CPPW = Communities Putting Prevention to Work.

10 LAUSD = Los Angeles Unified School District.
11 FSB = Food Services Branch.
12 DPH = Los Angeles County Department of Public Health. 13 IRB = Institutional Review Board.
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implementation of the nutrition interventions in both counties, we used the
October 2010 school breakfast and lunch menus for elementary and secondary
schools in LAUSD and compared them to the October 2011 menus. For SCC, we

used the May–June 2011 (three consecutive weeks) school breakfast and lunch
menus for elementary schools and compared them to the March–May 2012
(three consecutive weeks) menus. These comparison time points were chosen
based on the timeline of intervention implementation in each county,
accounting for lag time between the two locales, but preserving the pre-
and post-intervention interval at approximately 12 months apart. The post
intervention results were then examined to see if they aligned with the
IOM (for LAUSD) and Alliance for a Healthier Generation (for SCC) school
meal recommendations.

Both counties had data for the following nutrients: food energy (kcal),
protein (grams “g”), fiber (g), total fat (g), saturated fat (g), sugar (g), and sodi-
um (milligrams “mg”). Means, 95% CIs, and percent change of nutrient levels
pre- and post-interventionwere compared for all LAUSD schools and all schools
in the four districts in SCC. T-tests were performed to determine if nutrient
changes were significant; where appropriate, log transformations were
employed. Participation frequency (i.e., the number of students participating
in school breakfast and lunch), average change in kilocalories per meal for
breakfast and lunch, and the number of serving days per year were calculated
and used to estimate net calories (kcal) offered annually for full-time (5 days
per week) meal program participants (per student per year).

Results

Nutrition interventions implemented by LAUSD, which were based
on IOM recommendations for healthy school meals (IOM, 2009), result-
ed in significant reductions in mean caloric and mean sugar content of
breakfast and lunch school meals (Table 3). Similarly, for most meal
categories, mean sodium content dropped. The most dramatic reduc-
tions were observed in the breakfast category for mean sugar, mean
total fat, and mean sodium content. Although protein increased in the
lunch meal category for elementary schools, the nutrient decreased
in all other meal categories. Dietary fiber also decreased in all meal
categories.

In SCC, where interventions were aligned with recommendations
from the Alliance for a Healthier Generation, changes in nutrient con-
tent of meals were inconsistent (Tables 4A and 4B). Districts A and D,
for instance, were able to significantly reduce mean sugar content in
their lunch meals, whereas District C's mean sugar content for the
same meal category slightly increased (Tables 4A and 4B). Aside from
a slight increase in protein, District D did not improve onmost of the nu-
trients for breakfast and District A's breakfast data were incomplete.
District B baseline data for fiber, sugar, and sodium breakfast nutrients

Table 1
Communities Putting Prevention to Work nutrition interventions and food procurement
strategies implemented in Los Angeles County, California and suburban Cook County,
Illinois, 2010–2012.

Los Angeles County, California

Implement limits for food energy (kilocalories), sugar, sodium, and other nutrients for
school breakfast and lunch programs district-wide, as recommended by the Insti-
tute of Medicine.a

Adopt an institutional nutrition policy that aligns menus with Institute of Medicine
recommendations.

Assist with cafeteria improvements through healthy eating messaging and signage in
school cafeterias (e.g., “I'm IN” campaign).

Work with executive chef and food vendors on new recipe development.
Conduct student and parent taste tests before rolling out the newmenu (e.g., performed
30,000+ taste tests with students).

Implement a new food procurement model for the school district (e.g., converting to
food-basedmenu planning, using categorical food partners, integratingmarketing as a
focus area in vendor contracts, purchasing from local sources —within a 200-mile
radius).

Increase purchase and promotion of fresh fruits and vegetables (e.g., utilize approaches
in behavioral economics to help increase selection).

Suburban Cook County, Illinois

Initiate school breakfast programs (if not already present) and promote these
programs to parents and students.

Alter school breakfast and lunch programs district-wide to alignwith the Alliance for a
Healthier Generation Healthy School Program nutritional standards.b

Assist with cafeteria improvements through healthy eating messaging and signage in
school cafeterias.

Conduct healthy meal planning and budgeting workshops with student families.
Integrate fruits and vegetables into the school food environment through summer
snack programs and school gardens.

a Institute of Medicine, 2009 recommendations for all students (tier 1 foods): b35% of
total kilocalories from fat; b10% total kilocalories from saturated fat; 0 g trans-fat; ≤35%
of kilocalories from total sugars; ≤200 mg sodium per portion; water, low-fat or fat-free
milk; and 100% fruit juice.

b Alliance for a Healthier Generation Healthy School Programnutritional standards: 1%,
1/2% or fat-free milk; use of whole grains in bread, pasta and pizza crust; non-fried foods;
no-added-sugar fruits and vegetables; low-fat lunch entrée with no more than 12 g of
total fat, 4.5 g saturated fat, 0 g trans-fat, and 480 mg sodium; use of unsaturated zero
trans-fat oils; protein products with less than 10 g fat, 4.5 g or less saturated fat, and
less than 95 mg cholesterol per serving and per 100 g; non-fried fish; and salad dressings
with no more than 80 kilocalories per serving.

Table 2
Characteristics of Los Angeles Unified School District (LAUSD) and the selected suburban Cook County school districts (SCC SD), 2010–2012.

Characteristics LAUSDa n (%) SCC SD Ab n (%) SCC SD Bb n (%) SCC SD Cb n (%) SCC SD Db n (%)

Total 662,140 5040 5253 13,333 2431
Grades

Kindergarten–5 312,434 (47.2) 3325 (66.0)c 3626 (69.0)c 9200 (69.0)c 1696 (69.8)c

6–12 349,706 (52.8) 1715 (34.0)d 1627 (31.0)d 4133 (31.0)d 735 (30.2)d

Sex
Male 339,142 (51.2) 2535 (50.3) 2730 (52.0) 6768 (50.8) 1212 (49.9)
Female 322,998 (48.8) 2505 (49.7) 2523 (48.0) 6565 (49.2) 1219 (50.1)

Race/ethnicity
Black 63,714 (9.6) 43 (0.8) 1977(37.6) 241(1.8) 1880 (77.3)
Hispanic 478,943 (72.3) 257 (5.1) 3094 (58.9) 12,537 (94.0) 485 (20.0)
White 66,833 (10.1) 4126 (81.9) 101 (1.9) 432 (3.2) 9 (0.4)
Asian/Pacific Islandere 43,251 (6.6) 352 (7.0) 26 (0.5) 17 (0.1) 34 (1.4)
Otherf 9399 (1.4) 262 (5.2) 55 (1.1) 106 (0.8) 23 (0.9)

Obesity
All grades 174,143 (26.3)g 77 (9.1)h,i 341 (28.4)h 661 (32.3)h 189 (25.7)h

a Source: California Department of Education, school-year 2011–12.
b Source: Illinois State Department of Education, school-year 2011–12.
c Includes prekindergarten students.
d Includes only grades 6–8.
e Includes Filipino.
f Includes American Indian/Alaskan Native, two or more races (not Hispanic), and not reported.
g Source: California Physical Fitness Testing Program (FITTNESGRAM©), grades 5, 7, and 9.
h Source: Cook County Department of Public Health. 2013. Unpublished, sample includes students from kindergarten and 6th grade.
i Includes only kindergarten students.
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weremissing, thus percent changes were not calculated for these nutri-
ents. For the school lunch programs, Districts A, C and D were able to
achieve more substantive improvements (Tables 4A and 4B). District A
reduced mean calories by 15.7%, mean sugar by 32.4%, and mean sodi-
umby21.6% for its lunches. DistrictDwas able to achieve similar results,
while District B reduced mean calories by only 2.9% and did not possess
baseline data to assess for changes in fiber, sugar, or sodium nutrient
content. Although District C increased overall calories, fat, saturated
fat, and sugar, it was able to reduce sodium and increase dietary fiber
and protein in their lunch offerings.

Collectively, the estimated number of children and adolescents
reached by the school-based nutrition interventions in both counties
was estimated to be 688,197 students for the SY 2011–12 (Table 2).
Net fewer calories (kcal) offered as a result of the nutrition interven-
tions was estimated to be about 64,075 kcal per student per year for
LAC and 22,887 kcal per student per year for SCC.

Discussion

Overall, reductions in calories, sugar and sodium content of student
meals offered by LAC and SCC schools were achieved in the five school
districts that modified their SY 2011–12menus. These results, however,
reflect only average nutrient changes by meal categories; they do not
correspond to other salient factors that may also influence student nu-
trition— e.g., food presentation and appeal; taste of the new items; per-
ceptions of freshness and food quality; density, composition or quality
of the individual offerings including the number and type (variety) of
entrées or sides prepared or available to choose from; and student
food selection and actual consumption (or waste). In LAC and SCC, for
example, the entrée or side variety changed from SY 2010–11 to SY
2011–12, reflecting the school districts' emphasis on not only meeting
nutrient limits, but also addressing the context leading to food selection
and consumption— i.e., using a food-basedmenu planning approach. In

Table 3
(A) Breakfast menu: mean nutrient content for elementary and secondary schools in Los Angeles Unified School District, October 2010 and October 2011, grades kindergarten–12.
(B) Lunch menu: mean nutrient content for elementary and secondary schools in Los Angeles Unified School District, October 2010 and October 2011, grades kindergarten–12.

Key nutrients October 2010 mean (95% CI)a October 2011 mean (95% CI)a % change October 2010 mean (95% CI)a October 2011 mean (95% CI)a % change

Elementary (grades k–5) Secondary (grades 6–12)

(A)
Food energy (kcal) 603.2 (564.7, 641.7) 388.3 (354.7, 421.8) −35.6b,c 834.6 (781.1, 888.2) 388.3 (354.7, 421.8) −53.5b,c

Protein (g) 20.8 (19.0, 22.6) 17.6 (16.6, 18.6) −15.5c 27.7 (26.3, 29.1) 17.6 (16.6, 18.6) −36.5c

Dietary fiber (g) 5.5 (4.8 6.2) 3.2 (2.5, 3.9) −40.9c 7.7 (7.4, 8.0) 3.2 (2.5, 3.9) −58.1c

Total fat (g) 13.6 (11.3, 15.8)d 7.9 (6.0, 9.7)d −42.0b,c 19.5 (16.8, 22.1)d 7.9 (6.0, 9.7)d −59.6b,c

Saturated fat (g) 3.7 (3.3, 4.1) 2.3 (1.9, 2.6) −39.5c 5.6 (5.2, 5.9) 2.3 (1.9, 2.6) −59.6b,c

Sugar (g) 35.7 (29.5, 41.9) 14.3 (9.6, 18.9) −60.1b,c 39.0 (32.4, 45.6) 14.3 (9.6, 18.9) −67.6b,c

Sodium (mg) 746.8 (677.4, 816.1) 494.3 (424.0, 564.6) −34.4b,c 1064.3 (1003.5, 1125.1) 494.3 (424.0, 564.6) −53.5b,c

(B)
Food energy (kcal) 714.9 (688.9, 740.8) 681.1 (627.1, 735.1) −4.7b 790.7 (750.9, 830.5) 634.8 (598.4, 671.3) −19.7b,c

Protein (g) 30.3 (28.8, 31.8)d 37.8 (31.1, 44.5)d 24.6b,c 33.4 (31.9, 34.9) 30.7 (28.4, 33.1) −8.0c

Dietary fiber (g) 9.6 (9.0, 10.3) 8.3 (7.5, 9.0) −14.3c 10.9 (10.2, 11.7) 7.6 (6.6, 8.7) −30.2c

Total fat (g) 21.4 (20.2, 22.7)d 24.3 (18.2, 30.3)d 13.1 22.9 (21.4, 24.4) 21.1 (18.9, 23.3) −8.0b

Saturated fat (g) 5.2 (4.9, 5.5)d 5.6 (4.1, 7.0)d 7.1b 5.4 (5.1, 5.8) 4.7 (4.3, 5.2) −13.4b,c

Sugar (g) 16.7 (11.1, 22.3) 13.8 (10.6, 17.0) −29.9b 17.9 (12.5, 23.3) 12.9 (10.8, 14.9) −38.3b,c

Sodium (mg) 1000.6 (941.0, 1072.3) 1327.0 (1093.3, 1560.7) 31.8c 1139.0 (1054.1, 1223.9) 1089.8 (962.1, 1217.6) −4.3b

Other abbreviations: kcal = kilocalories; g = grams.
a CI = confidence interval.
b Change in desired direction.
c Significant at p value b .05.
d log transformation performed.

Table 4A
Breakfast menu: mean nutrient content for school Districts B, C, and D in suburban Cook County, Illinois, May–June 2011 and March–May 2012, grades prekindergarten–8.

Key nutrients 2010–11 mean
(95% CI)a

2011–12 mean
(95% CI)a

%
change

2010–11 mean
(95% CI)a

2011–12 mean
(95% CI)a

%
change

2010–11 mean
(95% CI)a

2011–12 mean
(95% CI)a

%
change

District B District C District D

Food energy
(kcal)

561.4 (525.6,
597.2)

546.4 (515.6, 577.1) −2.7b 531.2 (468.0, 594.4) 534.8 (476.3, 593.2) 0.7 348.0 (303.7, 392.3) 406.6 (305.4, 507.7) 16.8

Protein (g) 15.0 (13.8, 16.1)c 14.1 (13.1, 15.0)c −6.0 14.1 (12.7, 15.4) 15.3 (13.2, 17.5) 8.5b 11.2 (10.2, 12.2)e 12.2 (11.0, 13.4)e 8.9b

Fiber (g) –d 3.4 (3.0, 3.9) –d 2.8 (2.0, 3.6)e 4.3 (1.9, 6.7)e 53.6b 1.9 (1.5, 2.3) 1.3 (0.7, 2.0) −31.6
Total fat (g) 14.3 (12.4, 16.2) 13.2 (11.2, 15.2) −7.7b 12.3 (9.3, 15.2) 12.9 (9.5, 16.3) 4.9 6.9 (5.7, 8.1) 9.6 (5.4, 13.7) 39.1
Saturated fat (g) 4.3 (3.8, 4.8) 3.9 (3.4, 4.5) −9.3b 3.5 (2.9, 4.2) 4.0 (2.9, 5.0) 14.3 3.3 (2.7, 3.8) 3.7 (2.2, 5.2) 12.1
Sugar (g) –d 42.2 (38.7, 45.7) –d 44.3 (37.3, 51.4) 41.8 (36.0, 47.7) −5.6b 36.2 (32.0, 40.4) 41.8 (33.6, 50.0) 15.5
Sodium (mg) –d 515.5 (460.4, 570.6) –d 543.7 (455.1, 632.3) 571.5 (460.1, 682.9) 5.1 315.5 (285.0, 346.0) 339.1 (266.4, 411.8) 7.5

Other abbreviations: kcal = kilocalories; g = grams.
Note: District A is not shown in the table because it did not offer school breakfast.

a CI = confidence interval.
b Change in the desired direction.
c Sine transformation performed.
d “–” indicates missing data.
e Cosine transformation performed.
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LAC, the 2010–11 lunch menu had items such as beef chalupa, pepper-
oni pizza, and Italian calzone with turkey pepperoni; whereas, the new
2011–12 lunch menu included black eyed pea salad, vegetable curry,
Ancho chili chicken with yakisoba, and quinoa and veggie salads. Like-
wise, in SCC District A, the 2010–11 lunch menu had items such as
nachos, chicken nuggets, hot dogs, and cheese pizza; whereas, the
new 2011–12 lunch menu offered turkey burgers, black bean burgers,
tuna salad subs, and stuffed salmon. Clearly, taken together, more can
be learned from the experiences in LAC and SCC. Further research
using methods such as dietary pattern scores is needed and could pro-
vide additional insights on the impacts of these food-based offerings
or strategies on student eating behaviors.

A multicomponent approach

The LAUSD experience in LAC suggests that a multicomponent
approach was beneficial for introducing, integrating, and supporting
healthy food modifications to the SY 2011–12 menus. The “I'm IN”
public education campaign, for example, augmented the student and
parent taste testing by LAUSD by helping to prepare students for the
new menu items that were introduced (Table 1). Age-appropriate por-
tion sizes for some of themeal categories also enabled reductions in key
nutrientswithout significantmodifications to food composition or taste.
However, this latter action did contribute to unintended effects — e.g.,
the lowering of desirable nutrients such as protein andfiber. In addition,
these complementary strategies do not necessarily improve nutrition
for everyone. For instance, for those children whose energy intake is
appropriate, simply reducing portion size does not alter the food selec-
tion or the composition of their diet, which may still be poor. Children
can also compensate for lost energy intake by consuming undesirable
foods from other sources.

School districts in the U.S. that are contemplating similar menu
changes to their studentmeal programmay find food-basedmenuplan-
ning more logistically feasible and in line with the USDA Final Rule
(USDA, 2012). Protein, fiber, and other healthful nutrients are vital for
ensuring proper nutrient intake among students and should be taken
into account when making menu changes. Another factor to consider
is children and adolescents who are not receiving adequate nutrient in-
take (i.e., poor diet composition with excess energy intake). This can
occur even among children who are obese, not just for those who are
underweight. Moderately active children, ages 4–8, for example, need
1400–1600 kcal per day; those, ages 9–13, need 1800–2200 kcal per
day. Sedentary children and adolescents require the lower end of this
range (USDA, 2010). In LAC and SCC, the average school meal caloric
ranges were between 380 and 830 kcal per meal.

Recognizing the influential role that taste can play in food selection,
the LAUSD (in LAC) conducted 30,000+ taste tests prior to finalizing
themenu for SY 2011–12 (Table 1). SCC took similar actions to improve
the appeal of their new menu items to increase student receptivity
(Mason et al., 2012). SCC school districts, for example, made changes
to the formula of the school meals while concurrently providing public
education to parents and students about the benefits of healthy eating
(Table 1). The collective experiences of the four SCC districts point to
the importance of having staff rolemodels and stakeholder buy-ins dur-
ing the menu planning stage. In one district, union regulations stalled
the implementation of breakfast in the classroom.

It should be noted that there were key differences between the two
counties. The sheer size of LAUSD translated to greater purchasing
power and easier negotiations for better pricing from food suppliers,
which in turn probably contributed to the district's capacity to offer a
wider range of healthy food options (Robles et al., 2013). In SCC, each
school district conceptualized and implemented different interventions
based on their unique needs, assets and operating capacity. Differences
in these factors likely contributed to the differences seen in the nutrient
changes in the different school districts during SY 2010–11 to 2011–12.Ta
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Overlapping strategies in all five districts made this evaluation
salient and interesting, as they point to alternative lessons learned
about effectiveways to improve school nutrition. SCC schools customized
their food procurement strategies based on district and school-level
capacity, leading to more targeted changes that are specific to individual
school cafeterias; whereas LAUSD's interventions were standardized and
incremental but had broad reach due to the district's sheer size and cen-
tralized infrastructure.

Limitations

The present analysis is subject to a number of limitations. First, using
nutrient analysis as an approach for program evaluation provides an in-
complete picture of student nutrition in the school setting. On the other
hand, examining nutrient changes by meal categories using standard
nutrient-estimation protocols represents a practical approach for com-
paring institutional improvements in food offerings across different
schools. Second, the nutrient analysis records from LAUSD and from
the four school districts in SCCwere compiled usingnutritional software
that analyzed information from menu recipes. While this is generally
considered an acceptable alternative to laboratory nutrient analysis
(gold standard), user errors can occur (Drake, 1992). Third, the nutrient
analysis in this evaluation provides only a cross-sectional snapshot of
the mean change per meal for each nutrient; it does not provide longi-
tudinal confirmation of intervention effectiveness nor sustainability,
since only one month during each school year was analyzed. Changes
in certain nutrients, such as total fat, for example, may not equate to
actual improvements in food offerings.

Although the strength of the analysis is its pre- and post-intervention
design, factors such as student food selection pattern, taste, meal appeal,
and receptivity to the menu changes all can attenuate the magnitude of
the observed effects. For instance, in a prior analysis of LAUSD data,
Cummings et al. (2014) demonstrated that changes to mean sodium
content were not as substantial once student food selection patterns
were accounted for. Othermethods, such as platewaste studies represent
potentially better measures of student food selection and consumption.
In 2011, a plate waste study was conducted in LAC using a random
sample of four middle schools; preliminary results suggest a relatively
large amount of fruit and vegetable wastage after introduction of these
plant-based food options.

Finally, the lack of homogeneity in the school-based nutrition inter-
ventions likely led to bias in the results. Given the diversity of the inter-
vention components (from food service staff training to incorporation of
new contract language), it is difficult to disentangle the contributions of
each component. For example, LAC used a categorical food partner
model to work with vendors on developing new recipes that included
more fresh fruits and vegetables on the menu, while also utilizing be-
havioral economics approaches to promote fruit and vegetable selection
(e.g., putting fruits in an attractive basket near check-out stands). These
strategies likely worked synergistically to increase selection of these
items by students.

Conclusions

Collectively, school-based nutrition interventions in LAC and SCC ap-
peared to have contributed favorably to changes in the school cafeteria
environment, including improvements to the overall nutrient base of
schoolmeals served. This suggests that federal aswell as local initiatives
in obesity prevention and in cardiovascular health promotion should
continue to invest in these kinds of system and environmental changes
aimed at creating healthier food environments for children and adoles-
cents in the U.S.

Conflict of interest statement

The authors report no financial disclosures or conflicts of interest.

Acknowledgments

The authorswould like to thank the Board of Education, the Office of
the Superintendent, and the Food Services Branch in the Los Angeles
Unified School District, and the Cook County Department of Public
Health as well as the four participating school districts for their support
and contributions to this project. The authors would also like to thank
Janice H. Vick and Kathleen Whitten from ICF International for their
careful review of this manuscript prior to submission. The project was
supported in part by cooperative agreements from the Centers for Dis-
ease Control and Prevention (Communities Putting Prevention to Work
#3U58DP002485-01S1, #1U58DP00263-01S1, and Sodium Reduction
in Communities Program # 1U58DP003061-01). The findings and con-
clusions in the article are those of the authors and do not necessarily
represent the views or the official position(s) of the Consortium to
Lower Obesity in Chicago Children, the Los Angeles County Department
of Public Health, the Cook County Department of Public Health, the Cen-
ters for Disease Control and Prevention, the Ann and Robert H. Lurie
Children's Hospital of Chicago or any other organization mentioned in
the text. In accordance with U.S. law, no Federal funds provided by
CDC were permitted to be used by community grantees for lobbying
or to influence, directly or indirectly, specific pieces of pending or pro-
posed legislation at the federal, state, or local levels. As it relates to the
CDC-sponsored supplement, staff training and reviews by scientific
writers were provided as technical assistance to the authors, through
a contract with ICF International (Contract No. 200-2007-22643-003).
CDC staff has reviewed the project's evaluation design and data collec-
tion methodology and the article for scientific accuracy. All authors
have read and approved the final version.

References

Alliance for a Healthier Generation, 2011. Alliance school meals criteria. (Available at)
https://schools.healthiergeneration.org/_asset/gxljhk/11-2736_SMCriteria.pdf
(Accessed on August 23, 2013).

Briefell, R.R., Crepinsek, M.K., Cabili, C., Wilson, A., Gleason, P.M., 2009. School food
environments and practices affect dietary behaviors of US public school children. J.
Am. Diet. Assoc. 109 (2 Suppl.), S91–S107.

Bunnell, R., O'Neil, D., Soler, R., et al., 2012. Communities Putting Prevention to
Work Program Group. Fifty communities putting prevention to work: acceler-
ating chronic disease prevention through policy, systems, and environmental
change. J. Community Health 37, 1081–1090. http://dx.doi.org/10.1007/
s10900-012-9542-3 (epub).

Cummings, P.L., Burbage, L., Wood, M., Butler, R., Kuo, T., 2014. Evaluating changes to so-
dium content in school meals at a large, urban school district in Los Angeles County,
California. J. Public Health Manag. Pract. 20 (1 Suppl. 1), S43–S49. http://dx.doi.org/
10.1097/PHH.0b013e31829f2e50.

Doak, C.M., Visscher, T.L.S., Renders, C.M., Seidell, J.C., 2006. The prevention of overweight
and obesity in children and adolescents: a review of interventions and programmes.
Obes. Rev. 7, 111–130.

Drake, M.A., 1992. Menu evaluation, nutrient intake of young children, and nutrition
knowledge of menu planners in child care centers in Missouri. J. Nutr. Educ. 24,
145–148.

Drewnowski, A., 2004. Obesity and the food environment: dietary energy density and diet
costs. Am. J. Prev. Med. 27 (3 Suppl.), 154–162.

Institute of Medicine (IOM) of the National Academies, 2009. School meals: building blocks
for healthy children. (Available at) http://www.iom.edu/Reports/2009/School-Meals-
Building-Blocks-for-Healthy-Children.aspx (Accessed on August 23, 2013).

Katz, D.L., O'Connell, M., Njike, V.Y., Yeh, M.C., Nawaz, H., 2008. Strategies for the preven-
tion and control of obesity in the school setting: systematic review and meta-
analysis. Int. J. Obes. 32, 1780–1789.

Mason, M., Chávez, N., Kwon, S., Cedeño, A., 2012. Student school meal perception,
participation, and consumption: implication for future school based nutrition-
al interventions. Paper presented at: American Public Health Association.
140th Annual Meeting and Exposition. October 28-31, 2012; San Francisco,
California.

National Center for Health Statistics (NCHS), 2012. Health, United States, 2011: With
Special Features on Socioeconomic Status and Health. U.S. Department of Health
and Human Services, Hyattsville, MD.

Ogden, C., Carroll, M., 2010. Prevalence of Obesity Among Children and Adolescents:
United States, Trends 1963–1965 through 2007–2008. National Center for Health
Statistics (June 2010).

Robles, B.,Wood,M., Kimmons, J., Kuo, T., 2013. Comparison of nutrition standards and other
recommended procurement practices for improving institutional food offerings in Los
Angeles County, 2010–2012. Adv. Nutr. 4 (2), 191–202. http://dx.doi.org/10.3945/an.
112.003285.

6 P.L. Cummings et al. / Preventive Medicine xxx (2014) xxx–xxx

Please cite this article as: Cummings, P.L., et al., Nutrient content of school meals before and after implementation of nutrition recommendations
in five school districts across two ..., Prev. Med. (2014), http://dx.doi.org/10.1016/j.ypmed.2014.03.004

62



Roseman, M.G., Riddell, M.C., Haynes, J.N., 2011. A content analysis of kindergarten–12th
grade school-based nutrition interventions: taking advantage of past learning. J. Nutr.
Educ. Behav. 43 (1), 2–18.

U.S. Department of Agriculture (USDA), 2010. Dietary Guidelines for Americans,
2010. U.S. Government Printing Office, Washington D.C.

U.S. Department of Agriculture (USDA), 2012. Food and Nutrition Service. 7 CFR
Parts 210–220. Nutrition Standards in the National School Lunch and School
Breakfast Programs; Final Rule. Fed. Regist. 77 (17), 4087–4167 (Retrieved
at http://www.gpo.gov/fdsys/pkg/FR-2012-01-26/pdf/2012-1010.pdf. Last
accessed: November 15, 2013).

7P.L. Cummings et al. / Preventive Medicine xxx (2014) xxx–xxx

Please cite this article as: Cummings, P.L., et al., Nutrient content of school meals before and after implementation of nutrition recommendations
in five school districts across two ..., Prev. Med. (2014), http://dx.doi.org/10.1016/j.ypmed.2014.03.004

63


	Preliminary pages_5.17.2014
	CHAPTER 1-2
	Chapter 3_combined
	Cummings et al._JPHMP_County_2014_
	Evaluating_Changes_to_Sodium_Content_in_School
	Cummings et al._PM_Cook County paper




