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Distinguishing between a Test of 
Association and a Test of Equality  
of Proportions
Inés Anchondo, DrPH, RD, LD, CSP, MPH

A Test of Association investigates 
the relationship between two 
variables.1 When two variables are not 
independent they are associated. This 
means that the value of one variable 
impacts the value or distribution of 
values of the other variable. A two-
way table can be used to test the 
association between two categorical 
data variables. Categorical refers 
to data that can be separated into 
mutually exclusive categories for 
example, age and gender. 

For example, a single sample of 
students were asked whether good 
taste, nutritional quality, or hunger 
was most important to them in 
choosing lunch at the school cafeteria. 
Additionally, the students’ grade was 
noted. This study was investigating 
whether there was a relationship 
between most important factor  
when choosing school lunch and 
grade in school. 

This is a two-way table of frequencies 
of the students by grade and choice  
of most important factor: 

The chi-squared test is used for 
the test the independence. The 
null hypothesis assumes there 
is no association between the 
variables (one variable doesn’t 
vary according to the other). The 
alternative hypothesis claims there 
is an association. The chi-square 
test measures the divergence of the 

observed data from the expected 
data given the null hypothesis of no 
association. The expected data for 
each cell is calculated by multiplying 
row total times column total then, 
dividing by the grand total.. It is 
important to be aware that this test 
only determines that an association 
exists or not. It doesn’t specify the 
type of association, so to interpret the 
information provided by the test it is 
necessary to pay close attention to 
the data. 

Here is the table of expected data:

Although, it is not difficult to see 
that there is not a lot of difference 
between observed and expected 
values, to be certain it is necessary to 
complete the calculations. 

The chi-square formula is x2 = Σ 
(observed values – expected values)2 
divided by the expected values. The 
test of significance for the chi-square 
is defined as P( X2 > x2) which is the 
probability of observing a value at 
least as extreme as the test statistic 
for a distribution of a certain number 
of degrees of freedom calculated by 
multiplying the number of rows minus 
one times the number of columns 
minus 1 [(r-1)(c-1)]. 

The chi-square is 1.51 with 4 degrees 
of freedom so, the probability P(X2 > 
1.51) = 0.8244. This result is found in 
a chi-square distribution table. The 
result fails to find an association (P is 
> .05) between the choice of factor 

in choosing lunch and grade of the 
student. Thus, the null hypothesis 
is not rejected. This study doesn’t 
provide enough evidence to suggest 
that an association exists between 
reason for choosing school lunch and 
student grade. 

A Test for Equality of Proportions 
tests the difference between 
percentages of two samples.1 The 
chi-square is also used to test the 
hypothesis. For example, eating 
breakfast has been known to be 
beneficial to students because it is 
thought to help provide energy to 
concentrate and complete tasks while 
at school. In one study two samples 
were obtained. One sample consisted 
of 364 students who eat breakfast. 
This sample of students was assessed 
to determine whether they completed 
tasks at schools. The other sample 
was of 44 students who do not eat 
breakfast. This sample was also 
classified between students by who 
completed tasks or not. 

Here is the two-way table: 

The null hypothesis states that the 
proportion of students completing 
tasks does not differ for those 
students who eat breakfast and 
those who do not. The alternative 
hypothesis claims there is a difference 
in completing tasks rate among 
students who eat and those who do 
not eat breakfast. 

This is a test for equality of  
proportions vs. a test of

Continues on page 14

 Grade

Choice 4 5 6 Total

Taste 49 50 69 168

Quality 24 36 38 98

Hunger 19 22 28 69

Total 92 108 135 335

 Grade

Choice 4 5 6

Taste 46.1 54.2 67.7

Quality 26.9 31.6 39.5

Hunger 18.9 22.2 27.8

   No 
 Breakfast Breakfast
Complete  204 20
tasks 
Not complete  160 24
tasks 
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ADA Research  
Committee Update 2009

Debra A. Krummel, PhD, RD
RDPG Liaison and Chair, ADA Research Committee

The purpose of the ADA Research 
Committee is to develop, maintain, 
and evaluate an ADA research 
agenda and research 
initiatives (Figure 1) that 
support and advance the 
goals of ADA’s strategic 
plan (see Table 1 for 
committee composition). In 
September, the Committee 
had their face-to-face 
meeting to prioritize 
objectives for the 2009-
2010 Program of Work. Four 
subcommittees were formed 
to address (a) demonstrating 
effectiveness of services provided 
by ADA members, (b) improving 
ADA member’s value of research, 
(c) providing ADA members with a 
web-based toolkit, and (d) exploring 
funding opportunities for projects. 
In addition, the committee provides 
technical consultation on research 
issues to ADA’s organizational units 
(Dietetics Practice-Based Network, 
Legislative Public Policy Committee, 

Quality Management, Evidence-based 
Practice Committees, Commission on 
Accreditation for Dietetics Education, 
Commission on Dietetic Registration, 
and the Dietetic Practice Groups). 

For the RDPG session at the Food 
and Nutrition Conference Exhibition 
in Denver, I presented an update on 
the Research Toolkit. The remainder 

of this article will 
give highlights from 
the presentation. 
The purpose of 
the Toolkit has 
been revised to 
incorporate the 
CADE standards. 
The new purpose 
is to help food and 
nutrition professions 
with: 
• Reading and   
 interpreting   
 research   
 articles effectively.
• Understanding   
 research designs   
 and basic statistical  
 analyses used   
 in research.

• Applying and using research in   
 practice to select appropriate   
 indicators and measures to 
 evaluate clinical, programmatic, 
 quality, productivity, economic or  
 other outcomes.
• Learning the entry level skills for   
 designing a small research project.

For each topic there is an introduction, 
lesson, practice, key points, and 
questions for CEUs. In the summer 
2009, Donna Pertel, MEd, RD was 
hired as a consultant for the project to 
assist with web site production.

We are now in the third phases of 
development. Content has been 
developed and reviewed and in 
January a B-test will be conducted 
with volunteers. Thanks to any RDPG 
members who volunteered for this 
important part of getting the toolkit 
ready for users. We hope to have the 
toolkit ready by spring 2010.  
Content development will be  
ongoing. The focus area for 2010 
is helping RDs to use research to 
document effectiveness and worth 
to employers. While the sight is under 
construction, in Figure 2 is a picture  
of the front page. 

Please contact me (debra.krummel@
uc.edu) if you have input or would like 
any additional information.

Member Employment 
Debra Krummel, PhD, RD University of Cincinnati
Chair and Research DPG Liaison 
M. Kathy Yadrick, PhD, RD, LD The University of  
Vice Chair Southern Mississippi  
Becky Dorner, RD, LD Becky Dorner & Associates, Inc.  
 & Nutrition Consulting Services 
Wahida Karmally, DrPH, RD, CDE Columbia University 
Kay N. Wolf, PhD, RD, LD The Ohio State University 
Kathryn M Camp, MS, RD, CSP National Institutes of Health 
Elizabeth Kunkel, PhD, RD, LD, FADA Clemson University 
Theresa A Nicklas DrPH Baylor College of Medicine 
Barbara A Bruemmer, PhD, RD, CD University of Washington, Seattle 
NCPSL Committee Liaison 
Carol Ireton-Jones PhD, RD, CNSD Private Practice 
Ex-Officio- President Elect
Judith C Rodriguez PhD RD FADA University of North Florida 
Staff Liaisons
Esther Myers, PhD, RD, FAD American Dietetic Association 
Deborah Cummins, PhD American Dietetic Association 
Lisa Spence, PhD, RD American Dietetic Association

Table 1. 

Figure 1. 

Figure 2. 
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Adipose tissue accumulation of d-limonene 
with the consumption of a lemonade 
preparation rich in d-limonene content 
Jessica Miller, MS  
Doctoral Candidate at the University of Arizona

Epidemiological evidence suggests 
that diets high in fruits and 
vegetables may be protective 
against certain cancers.1 This 
protective effect has been attributed 
to a number of compounds found 
in food that have pharmacological 
effects, called bioactive food 
components (BAFC).2 d-Limonene 
is a BAFC commonly found in high 
concentration in citrus peel oil. In 
animal models, d-limonene and 
structural analogs demonstrate 
strong chemopreventive effects 
in lymphomas, mammary, gastric, 
liver, and lung cancers.3-7 Of these 
cancers, the preclinical evidence 
is strongest for a potential 
chemopreventive role in mammary 
carcinogenesis,8-13 however, research 
investigating its disposition in 
humans is limited. d-Limonene 
is bioavailable in humans after 
oral administration. The two 
major circulating metabolites of 
d-limonene are perillic acid and 
dihydroperillic acid.14-15 Perillic 
acid and dihydroperillic acid have 
been shown to be more potent 
inhibitors of protein isoprenylation 
than limonene,16 and perillic acid is 
also a more potent inhibitor of cell 
growth.17, 18 However, d-limonene 
is likely to have a favorable tissue 
distribution for exerting biological 
activities due to its high lipophilicity 
while the tissue distribution of the 
oxygenated metabolites may be 
limited by their polarity. 

Data from animal studies suggest 
that d-limonene might distribute 
preferentially into anatomical sites 
rich in fatty tissue such as breast. 
In female rats given an oral dose 
of radiolabeled d-limonene, the 

radioactivity concentrates in adipose 
and mammary tissues suggesting 
accumulation of d-limonene and/or 
its derived metabolites.18 In a cancer 
therapeutic trial,15 d-limonene and 
its metabolites were identified and 
quantified in metastatic lymph node 
tissue collected from two breast 
cancer patients receiving d-limonene 
(8 g/m2 per day) for 21 days. The 
intratumoral d-limonene levels were 
found to exceed the corresponding 
plasma levels by 1.9 and 5.5 fold 
whereas most metabolites of 
d-limonene were trace constituents 
in tissue with tissue-to-plasma ratios 
of d-limonene 4-10 times higher than 
its major metabolite, perillic acid.15 
Based on these limited data, we 
hypothesized that d-limonene has 
favorable tissue distribution and will 
distribute extensively to anatomical 
sites rich in fatty tissue. To test this 
hypothesis, we conducted a pilot 
study to determine the systemic 
and adipose tissue disposition of 
d-limonene following consumption 
of d-limonene-rich lemonade. 

Following a one-week washout 
period devoid of citrus, healthy 
adults consumed 40 oz. of freshly 
prepared lemonade, containing 
500-600 mg d-limonene, daily 
for 4 weeks. On the first and last 
consumption days, blood and a 
buttock fat biopsy were collected. 
Matched pre- and post-intervention 
fat biopsies (n = 7), and matched 
pre- and post-intervention plasma 
samples (n = 6) were analyzed 
for d-limonene levels using gas 
chromatography-mass spectrometry. 
There was a significant increase in 
d-limonene levels in the fat biopsies 
after 4 weeks (P = 0.009); initial 

levels ranged from non-detectable 
to 7.79 μmol/kg-tissue and post-
intervention levels ranged from 
53.6 to 294 μmol/kg-tissue. Plasma 
d-limonene levels increased from 
0.35 to 0.72 μmol/L initially to post 
intervention levels of 0.54 to 1.65 
μmol/L (P = 0.016). Post-intervention 
adipose d-limonene levels were 51.0 

– 195 times higher than plasma levels 
(P = 0.009). 

The primary objective of this pilot 
feeding study was to determine 
whether d-limonene partitions 
extensively to human adipose 
tissue after oral consumption. Daily 
dietary lemonade intervention was 
met with high adherence and was 
well tolerated and did not affect 
body weight, blood chemistry or 
hematology. After the single dose 
of lemonade, adipose d-limonene 
levels averaged 7.6 fold higher 
compared to time-matched plasma 
samples. This finding is consistent 
with data from animal studies 
where peak adipose tissue levels 
of d-limonene/metabolite were 6.6 
times greater than those achieved 
in plasma whereas the peak level 
in mammary tissue was 5 times 
greater than the plasma levels.17 
After the four-week intervention, an 
average adipose tissue d-limonene 
concentration of 137 μmol/kg was 
achieved. These pilot data suggest 
that d-limonene concentrations 
may reach biologically relevant 
levels with a dietary lemonade 
intervention.12 It is worth noting 
that the amount consumed was 
strongly correlated with the 
adipose d-limonene concentration, 
but was not correlated with the 
plasma concentration. Our study 



The chi-square statistic is then used 
to compare the observed values and 
the expected values as in the previous 
example. The null hypothesis is then 
rejected if the observed and expected 
values are too different. 

The chi-square is 1.78 with 1 degrees 
of freedom so, the probability P(X2 > 

1.78) = 18. 
Again, this 
value is 
found in a 
chi-square 
distribution 
table. 
Since the 

P value is > 0.5 it indicates there is 
not enough evidence to reject the 
null hypothesis. This study doesn’t 
provide enough evidence to suggest 
a significant difference in completing 
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Adipose tissue accumulation of 
d-limonene

continued from page 13

further illustrates the importance 
of measuring agent levels in the 
target tissue (or surrogate target) 
because plasma concentrations may 
not always reflect the target tissue 
distribution and accumulation. Our 
data suggests that d-limonene may 
accumulate in the breast, given 
the high adiposity of breast tissue. 
Further research is needed to 
determine the effects of d-limonene 
on the expression and secretion 
of adipose derived cytokines and 
hormones and its effects in breast 
tissue and thus its potential as a 
cancer preventive agent.
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Test of Association and Test of 
Equality Proportions

continued from page 11

independence (association) between 
variables. Note that there are two 
samples drawn from two populations 
whereas the test of association was for 
two variables in a single population. 
The first thing to do is calculate the 
task completion rate:

 Breakfast  No Breakfast Total

Complete tasks 91.0% 9.0% 224 (or 54.9% of 408)

Not complete tasks 86.9% 13.1% 184 (or 45.1% of 408)

Total 89.2% 10.8% 408 (or 100%)

Then, following the formula (as 
before) for the expected values are:
(224)(364)/408 = 199.84 (224)(44)/408 
= 24.16
(184)(364)/408 = 164.16 (184)(44)/408 
= 19.84

tasks at school between students who 
eat breakfast and those who do not.
 
The way to distinguish between a test 
of association and a test for equality 
of proportions is to know about the 
sample. The test of association is for 
a single population study with one 
sample while the test for equality of 
proportions is for a study with more 
than one sample. That is it. But this 
cannot be determined by looking 
at the two-way table. It is necessary 
to know whether the data was 
taken from one population or two 
populations.
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