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As explained in discussing the general empirical methodology in Chapter II, the associations 
between the diet quality measures and expenditures in the report assume either (1) the relationship is 
constant across all expenditure levels (for example, the energy density and nutrient density 
regressions) or (2) the relationship varies by expenditure. In the latter case, the relationship is 
evaluated at the mean expenditure level in the sample for the sake of presentation (for example, the 
HEI-2005 score regressions). In both cases, with only one association presented for all expenditure 
levels, it is important to discuss how the association may differ by expenditure level.  

In Chapter II, we discuss the process by which we selected the functional form of the models 
used in the report. To summarize that discussion here, we first transformed many outcome 
measures using natural logarithms due to their skewed distributions and to help reduce the risk of 
heteroscedasticity. Next, specification tests indicated that using the natural logarithm of expenditures 
as the main independent variable, rather than a non-transformed level of expenditures, resulted in an 
improved fit between the empirical model and the data. This was also true for outcome measures 
like the HEI-2005 score for which it was not possible to use logarithm transformations. In making 
these transformations, we acknowledged the tradeoff between (1) allowing the relationship between 
expenditures and diet quality to vary by expenditure level and (2) improving the fit of the empirical 
model to the data and providing greater validity to the assumptions behind the econometric model.  

In this appendix, we present analyses by expenditure subgroups for a selected set of outcome 
measures. Specifically, we examine in the NFSPS data how the associations between expenditures 
and the HEI-2005 score, energy density, and nutrient density vary by expenditure subgroups. We 
then repeat this using diet cost in the NHANES. For simplicity, we focus only on the HEI-2005 
total score and the energy density and nutrient density of “all foods,” rather than HEI-2005 
component scores and food subgroups. In addition, we do not re-examine the relative contribution 
of specific foods to MyPyramid groups and other dietary components (Chapter VII), nor the share 
of food expenditures spent on food categories (Chapter VIII), because of the focus in those 
chapters on food subgroups. 

We define two expenditure subgroups in the NFSPS according to whether a household’s 
expenditures are below the median expenditure level ($47.72) versus at or above that level. While it 
is possible to partition the distribution into more than two groups, there is a tradeoff between the 
number of expenditure groups and the precision of the estimates associated with smaller numbers of 
households in each subgroup. Below, we refer to these subgroups as the “lower expenditure” and 
“higher expenditure” subgroups. For each subgroup we estimate an identical set of models as 
presented in chapters III, V, and VI. The results are displayed in Table I.1 for all three outcome 
measures. 
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We find that the signs of the associations observed using the low expenditure subgroup match 
those of the full sample, but the same is not consistently true for the high expenditure subgroup. In 
addition, only one result is statistically significant at the 0.05 level, unlike for the full sample in which 
all three the estimates are significant.  

For the one outcome measure for which a statistically significant association exists (nutrient 
density), we find a larger association among lower expenditure group than the higher expenditure 
group. In the full sample, a 10 percent increase in expenditures is associated with a 0.46 percent 
increase in nutrient density. The association is larger for the lower expenditure subgroup (0.68 
percent) than for the higher expenditure subgroup (0.37 percent). Only the association for the lower 
expenditure subgroup is significant at the 0.05 level.  

Because of the larger sample sizes available, in NHANES, as compared to the NFSPS, we 
define four expenditure subgroups in the NHANES using quartiles of the sample distribution of 
diet cost. The groups include individuals with diet cost from $0 to $2.69; $2.70 to $3.77; $3.78 to 
$5.35; and $5.36 and above.  

 HEI-2005 Score. The findings (Table I.2) show the associations between diet cost and diet 
quality are largest for individuals with the lowest diet costs and smallest (and even negative) for 
individuals with the highest diet costs. For individuals in the first quartile of the diet cost 
distribution, the associations are much larger than those observed in the full sample. In the full 
sample, a 10 percent increase in expenditures is associated with a 0.30 percent increase in the score. 
For the first quartile diet cost subgroup, the estimate is 1.25, more than four times the full sample 
magnitude. For the highest expenditure quartile, the association is negative, with a 10 percent 
increase in diet cost associated with a 1.07 percent decrease in the HEI-2005 score.  

Energy Density. The full sample results presented in Chapter V showed that diet costs are 
negatively related with energy density, with a 10 percent increase in expenditures associated with a 
0.17 percent decrease in energy density. Like the HEI-2005 scores, the positive relationship between 
diet cost and diet quality (meaning that greater diet cost is associated with lower energy density) 
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decreases in magnitude and even switches sign as diet cost increases, although all associations are 
statistically insignificant.  

Nutrient Density. This pattern is also found in the results for the nutrient density analyses. In 
the full sample, there is a positive and statistically significant association between diet cost and 
nutrient density, with a 10 percent increase in diet cost associated with a 0.15 percent increase in 
nutrient density. The findings in Table I.2 show a much larger association in the lowest diet cost 
subgroup (1.72 percent). For the highest subgroup, a 10 percent increase in diet cost is associated 
with a 1.70 percent decrease in nutrient density.  

 

The expenditure subgroup findings using the NFSPS and NHANES are strikingly consistent. 
For both data sets and for all three outcome measures, the association between expenditures and 
diet quality is larger and more likely to be positive, the lower the level of expenditures or diet cost. 
For the lowest expenditure or diet cost groups, the associations were generally 1 to 1.5 times larger 
than the associations found in the full sample using the NFSPS and were 2 to 11 times larger than 
the associations found in the full sample using the NHANES. However, most results for 
expenditure subgroups were not statistically significant in the NFSPS, most likely due to smaller 
samples sizes and less variation in expenditures in those subgroups.  

 
The overall research presented in the body of this report has been done as part of a broader 

research project designed to assess the impact of SNAP participation on low-income households. 
While far from conclusive, the results summarized in this appendix suggest that, even among 
samples of relatively low-income households, relationships between food expenditures and diet 
quality may be stronger the lower is a household's level of food expenditures. If confirmed by 
additional research, this may have important implications for assessing SNAP policy. 
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As noted, the data set with pricing information available from CNPP does not include prices 
for alcoholic beverages. Although one could exclude from the analysis file the food-code-level 
observations corresponding to alcoholic beverages prior to aggregating dietary intake and food 
expenditure information for each individual, doing so could affect the relationship between diet 
quality and food expenditures. For a given level of income and SNAP benefits, many individuals 
presumably assess food prices and use their knowledge of diet, nutrition, and health to determine 
what types of food to buy, making the purchase of alcoholic beverages a part of the overall food 
demand decision. In fact, we estimate that the HEI-2005 total score can differ by more than 
2 points when alcohol is excluded from the measure. Because of the influence of alcoholic beverages 
on HEI-2005 scores, we chose to retain these food-code-level observations in our analysis by 
imputing their prices. This appendix describes our imputation approach. We demonstrate that the 
results are not sensitive to the imputation by providing results for selected measures (Tables J.1 to 
J.3). 

To impute the prices of beer and wine in the NHANES, we obtain national average prices for 
beer and wine by averaging the four regional average prices and deflate these prices to the 2001-2004 
NHANES analysis period. Because information on prices of spirits is not available through the BLS, 
we obtain a national average price for spirits by: 

1. Obtaining 2009 Massachusetts average wholesale prices for beer and spirits  

2. Estimating the markup on beer using the northeast regional average price from the BLS 
and the average wholesale price for Massachusetts 

3. Applying the beer markup to the Massachusetts average wholesale price for spirits to 
obtain an average retail price for spirits for the northeast 

4. Estimating a national average retail price of spirits by adjusting the northeast average 
retail price for spirits using the ratio of the northeast average retail price for beer to the 
national average retail price for beer (both of which are obtained from BLS data)   

We investigated several potential sources to obtain spirits prices, including information available 
through the National Alcohol Beverage Control Association (NABCA) (see 
http://www.nabca.org/Default.aspx), as well as sources described in economic analyses of alcohol 
consumption, but these sources did not provide usable price data. Instead, we used information 
from the Massachusetts Beverage Business (MBB) “Price Listings Index.”  

The MBB provides monthly wholesale prices for beer and spirits for all major Massachusetts 
distributors. We randomly selected 12 distributors for beer and 5 distributors for spirits and 
collected retail prices for 14 and 32 brands of beer and spirits, respectively, representing a wide range 
of qualities. For each brand of beer, such as Budweiser, we averaged the price of beer across 
distributors to obtain an average brand price. Next, we averaged (over the brands) the average brand 
prices to obtain an average wholesale price of beer. We repeated this procedure for spirits. In the 
end, we had one average wholesale price of for beer and one price for spirits. 

The average wholesale price for spirits is limited in terms of its use in imputing spirits prices in 
the modified NHANES data set. First, it is a wholesale price and thus does not reflect retailers’ 
markups or the prices consumers actually face. Second, it is representative of prices in 
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Massachusetts, but is not representative of prices in other parts of the country. We use the BLS 
regional average beer prices to address each of these limitations. 

We divide the BLS regional average beer price by the Massachusetts average wholesale price of 
beer to obtain an average price markup of 1.21, or 21 percent that retailers place on wholesale beer 
purchases. Next, we apply the markup of 1.21 to the 2009 average wholesale prices for spirits, which 
is reasonable given its similar magnitude to the markup for spirits estimated in a recent study.1  

The final step in the imputation procedure is to deflate the price from 2009 to the 2001-2002 
and 2003-2004 NHANES analysis period. This results in an average bottle of spirits (750ml) costing 
$17.10 (stated in 2009 prices for convenience).  

 

                                                 
1 See Nelson, Jon P. “Distilled Spirits: Spirited Competition or Regulated Monopoly” in Industry and Firm Studies: 

New York: M.E. Sharpe, Victor J. Tremblay and Carol Horton Tremblay, editors, 2007.  
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This appendix describes the propensity score matching methodology used to adjust for 
observable differences between individuals with low energy cost and individuals with high energy 
cost in the analysis of usual intakes (nutrient inadequacy and excess) in Appendix B. Energy cost is 
defined as the ratio of the value of food consumed to the amount of calories consumed. As noted in 
Appendix B, there are likely observable and unobservable differences between individuals with high 
and low levels of energy cost. It is possible that the outcome measures for each group differ not 
because of different levels of energy cost, but because of these differences between the two groups. 
Statistically adjusting for these underlying differences allows a comparison of the intakes of high- 
and low-energy-cost individuals who are otherwise similar according to many observable 
characteristics. 

A standard approach to account for differences in observable characteristics between two 
groups is regression analysis, and this approach (based on expenditures and diet cost, rather than 
energy cost) was used in the analyses of HEI-2005 scores, energy density, nutrient density, nutrient 
availability/intake, and contributions of specific foods to MyPyramid food groups. However, 
regression analysis cannot be used for the usual intake analyses that use NHANES data because they 
require information for each person in the sample. Thus, these outcome measures can typically only 
be estimated at the group level.1 Indeed, meeting the analysis objectives of the usual intakes analysis 
required us to use the SIDE software to adjust for day-to-day fluctuations in intake. Using a sample 
of individual-level observations of nutrient intake, this software estimates a single usual intake 
distribution for each nutrient. Thus, the output from this estimation procedure is at the group-level 
and the values cannot be assigned to each individual in the sample. 

Given that regression analysis was not feasible, we used an alternative method in which we 
compared outcomes for groups of high-and low-energy-cost individuals. The sequence of analysis 
steps was (a) to divide the sample into two groups based on energy cost; (b) to run each of those 
two samples through the SIDE estimation software, and (c) to compare the usual intake 
distributions across the two groups. Propensity score matching, with its ability to identify matched 
groups, provided a convenient context for adjusting for differences in observable characteristics 
between the two groups, each of which could then be separately examined and corrected for the 
day-to-day bias using the SIDE software. 

The propensity score matching approach used observable characteristics to construct a 
comparison group of low- energy-cost individuals who were similar to high-energy-cost individuals 
according to observable characteristics, and then applied the group-level estimators to estimate the 
outcome measures for high-energy-cost individuals and for a matched comparison group of low-
energy-cost individuals. 

As with the regression analysis, the propensity score matching procedure can only adjust for 
differences in observable characteristics, and high-energy-cost individuals may also differ from low-
energy-cost individuals in unobservable ways that may influence these outcome measures. For this 

                                                 
1 For usual intakes (nutrient adequacy and excess) see the procedure recommended by the Institute of Medicine 

(IOM 2000).  
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reason, the findings based on the propensity score matching approach cannot be definitively 
interpreted as causal effects of how higher energy cost changes the diet quality of foods consumed. 
Instead, the goal of these procedures was to adjust to the extent possible for observable differences 
likely to be correlated with the outcome measures so as to compare similar energy cost groups, while 
still acknowledging that unobservable factors may influence differences in outcome measures. 

 

Propensity score matching is a well-established technique (Rosenbaum and Rubin 1983; Dehejia 
and Wahba 2002; Smith and Todd 2001) for adjusting for observable differences between two 
groups—typically a “program group” such as SNAP participants and a comparison group such as 
SNAP eligible nonparticipants. However, the technique is not limited to comparing program 
participants and nonparticipants. It can be applied to any two groups for which one is interested in 
comparing outcomes, such as low- and high-energy-cost groups or males and females. In general, to 
implement this technique, the researcher estimates a probit or logit model of the variable that 
indicates to which group the individual belongs (such as whether an individual is in the high-energy-
cost group). This is a function of covariates that are thought to influence the group to which the 
individual belongs and is also correlated with the outcome(s) of interest (in this case, outcome 
measures of diet quality). In our case, the model is a logit model relating the “high-energy-cost 
group” variable, which is a variable that indicates if the individual’s energy cost is greater than the 
median energy cost in the sample, to a set of demographic and economic characteristics. The results 
of this model are then used to predict a “propensity score” reflecting the estimated probability that 
each high- and low-energy-cost individual has an energy cost level that places them in the high-
energy-cost group based on their observed characteristics. 

Each individual in the high-energy-cost group is then matched to an individual (or individuals) 
in the low-energy-cost comparison group with a similar estimated propensity score. The original 
approach developed in the propensity score matching literature is “nearest neighbor matching,” 
which matches each high-energy-cost group member with the low-energy-cost group member (or 
members) with the closest value of the propensity score (Rosenbaum and Rubin 1983). Alternative, 
more recently developed approaches include caliper matching, kernel matching, and local linear 
matching, each of which constructs a matched low-energy-cost group as a weighted average of low-
energy-cost individuals, with weights reflecting the “quality” of the match to each high-energy-cost 
group member based on the estimated propensity score. Each of these approaches is described in 
greater detail by Heckman, Ichimura, and Todd (1997). Nearest neighbor matching remains one of 
the most commonly used methods, in part because of the clear intuition underlying the approach of 
constructing a matched low-energy-cost group comprised of low-energy-cost individuals who are 
similar to high-energy-cost individuals according to observed characteristics. In general, research has 
shown that nearest neighbor matching tends to perform as well as alternative matching methods 
with cross-sectional data, although all estimates may fail to fully account for selection bias due to 
differences in unobservable characteristics (Heckman, Ichimura, and Todd 1997).  

Although each matched low-energy-cost group member will not necessarily have identical 
characteristics to the high-energy-cost group member to whom he or she is matched, the matched 
pair will have a set of observable characteristics that suggests they are equally likely to be in the high-
energy-cost group. Furthermore, on average, the high-energy-cost and matched low-energy-cost 
groups should have similar observable characteristics if the two groups are well matched.  
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Once the researcher is satisfied that the two groups are similar according to observable 
characteristics, a simple comparison of the average value of the outcome variable(s) (in this case, 
usual dietary intakes) between the high-energy-cost and matched low-energy-cost groups yields an 
estimate of the difference in the outcome between the high-energy-cost group and a similar group of 
low-energy-cost individuals.  

 

To implement the propensity score matching approach for the NHANES usual intake analysis, 
a logit model of having high energy cost (energy cost greater than the median energy cost value) was 
estimated separately for SNAP participants, eligible nonparticipants, and ineligible nonparticipants, 
using Stata statistical software. We perform the matching procedure separately for these three 
groups since we consider them the most policy-relevant subgroups in the study. The covariates 
included in this model were identical to the characteristics the regression analyses for the other 
NHANES analyses and include age, gender, race and ethnicity, marital status, income, and 
household size. The results of this model were used to predict a propensity score for each individual. 
Table K.1 displays the results of these logit models. The sample used to estimate the models in 
Table K.1 excludes pregnant and lactating women and forms the basis for sample used in the usual 
intake analyses. 

 
Each individual in the high-energy-cost group was then matched to an individual in the low-

energy-cost group using the nearest neighbor matching method, with a single nearest neighbor. 
Matching was done “with replacement,” meaning a given individual in the low-energy-cost group 
could be matched to multiple individuals in the high-energy-cost group. Analysis weights for 
matched high-energy-cost individuals were simply their initial sampling weight (which accounted for 
selection probabilities and nonresponse). The analysis weight for each matched low-energy-cost 
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individual was the sampling weight of the high-energy-cost individual to whom he or she was 
matched, if he or she was matched to only one high-energy-cost individual. If a low-energy-cost 
individual was matched to more than one high-energy-cost individual, his or her analysis weight was 
the sum of the sampling weights of the high-energy-cost individuals to whom he or she was 
matched.  

To test whether the high-energy-cost and matched low-energy-cost groups were similar 
according to observable characteristics, two sets of tests were performed for each model: Hotelling’s 
t-squared test of the joint equality of the means all covariates in the model across the two groups 
and separate two-tailed t-tests of the equality of means of each covariate in the model. The high-
energy-cost and matched low-energy-cost groups were considered balanced if (1) the null hypothesis 
of the Hotelling test was not rejected with a 5 percent critical value and if (2) fewer than 5 percent of 
the individual t-tests were rejected with a 5 percent critical value for each model. Table K.2 displays 
p-values from the Hotelling and individual t-tests for the final logit models. As shown in the table, 
across all groups, the p-values of the Hotelling tests are well over the 5 percent critical value. 
Furthermore, across all groups and characteristics, differences in means are generally small, and not 
statistically significant at the 10 percent level for each of the characteristics in each group. These 
statistics suggest that the high-energy-cost and matched low-energy-cost groups are well-balanced in 
terms of observable characteristics.  

Once the high-energy-cost and matched low-energy-cost group samples had been constructed, 
the IOM approach for estimating nutrient inadequacy and excess for the two groups was applied 
using these weights.  
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