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Abstract
Nitrate and nitrite are precursors in the formation of N-nitroso compounds. We recently found a
40% increased risk of NHL with higher dietary nitrite intake and significant increases in risk for
follicular and T-cell lymphoma. It is possible that these compounds also affect NHL prognosis by
enhancing cancer progression in addition to development by further impairing immune system
function. To test the hypothesis that nitrate and nitrite intake affects NHL survival, we evaluated
the association in study participants that have been followed post-disease diagnosis in a
population-based case-control study among women in Connecticut. We did not observe a
significant increasing trend of mortality for NHL overall or by subtype for nitrate or nitrite intake
for deaths from NHL or death from any cause, although a borderline significant protective trend
was observed for follicular lymphoma with increasing nitrate intake. We did not identify a
difference in overall survival for nitrate (P = 0.39) or for nitrite (P = 0.66) or for NHL specific
survival for nitrate (P = 0.96) or nitrite (P = 0.17). Thus, our null findings do not confer support
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for the possibility that dietary nitrate and nitrite intake impacts NHL survival by promoting
immune unresponsiveness.

INTRODUCTION
Although the median survival for non-Hodgkin lymphoma (NHL) is approximately 10 yr,
the course of the disease is highly variable, progressing slowly for indolent and very rapidly
for aggressive tumors (1). Studies have shown that NHL survival patterns vary by subtype
(2,3), suggesting different prognostic risk factors for NHL histological subtypes. Nitrate and
nitrite are precursors in the formation of N-nitroso compounds (4), a class of genotoxic
compounds, most of which are animal carcinogens that can act systemically and are
commonly found in the diet and in contaminated drinking water (5–7). Nitrate is a natural
component of plants and is found at high concentrations in leafy vegetables, such as lettuce
and spinach, and some root vegetables, such as beets (4). Nitrite and nitrate salts are added
to cured meats such as bacon, hot dogs, and ham to prevent the growth of spore-forming
bacterium as well as to add color and flavor (6).

We recently found a 40% increased risk of NHL with higher dietary nitrite intake and
significant increases in risk for follicular and T-cell lymphoma (8). It is possible that these
compounds also affect NHL prognosis by enhancing cancer progression in addition to
development by further impairing immune system function (9), although previous
investigation in this study population showed improved survival for those who report high
prediagnostic vegetable intake (10). However, to date, the impact of nitrate and nitrite intake
on NHL survival has not been evaluated. To test the hypothesis that nitrate and nitrite intake
affects NHL survival, we evaluated this association in study participants that have been
followed post-disease diagnosis in a population-based case-control study among women in
Connecticut.

METHODS
The study population has been described elsewhere (10). In brief, a total of 1,122 potential
female NHL cases aged between 21 and 84 yr were identified between 1996 and 2000
through the Yale Comprehensive Cancer Center’s Rapid Case Ascertainment Shared
Resource, a component of the Connecticut Tumor Registry (CTR). Among those cases, 167
died before they could be interviewed and 123 were excluded because of doctor refusal,
previous diagnosis of cancer (excluding nonmelanoma skin cancer), or inability to speak
English. Of 832 remaining eligible cases, 601 completed an in-person interview. Pathology
slides or tissue blocks were obtained from the hospitals where the cases had been diagnosed.
The specimens were reviewed by 2 independent study pathologists. All NHL cases were
classified according to the World Health Organization (WHO) classification system (11,12).
Vital status for these NHL cases was abstracted at the CTR in May–October 2008. Other
follow-up information was also abstracted, including date of death, cause of death, most
recent follow-up date, type and date of treatments, B-symptoms, and tumor stage. Of the 601
cases, 13 were not able to be identified in the CTR system, 13 were found to have a cancer
history prior to diagnosis of NHL, and 7 had diet information missing, yielding 568 patients
with NHL in the final analyses. Of these, 180 had diffuse large B-cell lymphoma; 131 had
follicular lymphoma; 63 had chronic lymphocytic leukemia/small lymphocytic lymphoma;
39 had marginal zone B-cell lymphoma; 42 had T/NK-cell lymphoma; and 113 were
classified as other. There were 250 deaths from any cause and 140 deaths from NHL in the
study population.
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Dietary intake was assessed using a mailed self-administered semiquantitative food
frequency questionnaire (FFQ) developed by the Fred Hutchinson Cancer Research Center
(Seattle, Washington), in which subjects were asked to characterize their usual diet in the
year before being interviewed (13). The FFQ collects data on consumption frequency and
portion size for approximately 120 foods, including 19 vegetables, 11 fruits, and fresh and
processed meats. Participants were queried about their frequency of intake in 9 categories
ranging from never to 2+ times per day for foods and never to 6+ times per day for
beverages. Each line item was accompanied by 3 possible portion size categories (small,
medium, or large).

We determined the nitrate and nitrite contents of the foods on the questionnaire by
conducting a review of values in published literature (14,15). We included 27 studies that
ranged in publication date from 1967 to 2008. The criteria for including a study with
published values for nitrate or nitrite were that they focused on U.S. rather than foreign food
products, as levels can vary regionally, especially for preserved meats and cheeses, as well
as for some vegetables, and that the date of publication was most consistent with the
timeline ascertained by the FFQ (particularly for processed meats as additives have changed
in past decades). Because of the lack of current values in the literature, it was necessary to
expand our search criteria to include values from other countries and published during other
time periods for some foods. The identified values were prioritized within each food item
according to country of origin and the year of sample collection. As available, information
was abstracted regarding cooking or preservation methods, methods of laboratory analysis,
number of observations in each sample, ranges of values, means, and standard deviations.

We calculated the mean of the published values for individual foods. Food-specific nitrate
and nitrite values were combined using the same methodology that was used for other
nutrients. Daily intakes of nitrate and nitrite were calculated by multiplying the frequency of
consumption of each food and portion size by the nitrate or nitrite content of the food and
summing across all food items. Intake was computed separately for animal and plant
sources. We also evaluated intake of nitrate plus nitrite from processed meat sources
separately, which included both red and white meat sources of sausage, luncheon meats,
cold cuts, ham, and hot dogs. The median daily intake of nitrate (95.9 mg/day) and nitrite
(1.1 mg/day) was used as the cutoff point for high and low intake. The major contributors to
nitrate intake were lettuce (22.5%), melon (watermelon, cantaloupe, honeydew) (19.8%),
and squash (11.1%), and the major contributors to nitrite intake were lunch meats (10.4%),
rice and noodles (7.8%), and fresh meat (beef, pork, or lamb) (6.9%). The correlation of
nitrate with vegetable intake was 0.61, with fruit intake was 0.34, with vitamin C intake was
0.43, and with vitamin D intake was 0.15.

Survival analyses were conducted for both death from any cause and death from NHL as
events. We assumed the Cox proportional hazards model and estimated hazard ratios (HR)
and 95% confidence intervals (95% CI) for the association of nitrate and nitrite intake
quartiles with overall survival. Age (continuous), caloric intake (continuous), family history
of cancer, and vitamin C were included as confounder variables in the final model. Kaplan-
Meier survival curves were plotted by high and low nitrate and nitrite intake (above or
below the median) for NHL overall and subtypes. We stratified our data by high and low
vitamin C intake to evaluate the possibility of nitrosation inhibition. Log-rank statistics were
computed to evaluate the difference in survival (16). Statistical analyses were performed
using SAS, v. 9.1 (SAS Institute, Cary, NC).
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RESULTS
The study population characteristics have been described elsewhere (10). During the follow-
up period, 250 patients died (148 from lymphoma and 102 from other causes). Median
follow-up time was 3.58 yr for the deceased and 9.07 yr for the survivors. Mean follow-up
time was 4.06 yr (SD: 2.73, range: 0.33–11.01) for the deceased and 8.98 yr (SD = 1.56,
range: 1.32–11.79) for the survivors. The average age was 61.6 yr; the average body mass
index was 26.1 kg/m2; most participants were White (94.7%); most reported some college,
college graduation, or additional higher education (57%); and less than 2% reported a family
history of NHL.

We did not observe a significant increasing trend of mortality for NHL overall or by subtype
in relation to nitrate or nitrite intake for deaths from NHL or death from any cause, though a
borderline significant protective trend was observed for follicular lymphoma with increasing
nitrate intake (P trend = 0.06) (Table 1). We also observed a significant trend for nitrate
intake and T-cell lymphoma (P trend = 0.02), but there were no cases in the highest intake
quintile. We plotted the Kaplan-Meier survival curves by high and low nitrate and nitrite
intake for NHL overall, but we did not identify a difference in overall survival for nitrate (P
= 0.39) or for nitrite (P = 0.66) or for NHL specific survival for nitrate (P = 0.96) or nitrite
(P = 0.17). The results were unchanged when we stratified by vitamin C intake (data not
shown).

DISCUSSION
In this follow-up analysis of a population-based case-control study of NHL in Connecticut
women, we did not identify an association between nitrate or nitrite intake and NHL or NHL
subtype survival. The null findings do not confer support for the possibility that intake
impacts NHL survival by promoting immune unresponsiveness. As these findings are the
first to address the role of nitrate and nitrite in NHL survival, they cannot be compared to
previous investigation. However, previous evidence from cellular studies of significant
effects of nitrate/nitrite on immune functions (i.e., human lymphocyte proliferation and
cytokine production) suggested that the role of nitrate and nitrite in NHL survival is of
interest. The previous studies showed that although nitrate had no effect on lymphocyte
growth, nitrite decreased proliferation (17). However, doses of sodium nitrate and nitrite do
not reflect the concomitant consumption in humans of nitrosation inhibitors and additional
beneficial components of foods containing nitrate. A previous investigation of the role of
vegetable and fruit intake in this study population (10) was the first study to evaluate diet
and NHL survival and a protective effect from vegetables and vitamin C was identified. Our
null results for nitrate could therefore be the result of the effect on survival from other
beneficial nutrients present in vegetables. Our results could also be confounded by
additional unmeasured confounders, such as pesticide intake, and could be affected by
misclassification of exposure, as total intake was determined from values in the published
literature rather than laboratory values for all food items in the year of study enrollment. In
addition, the participation rate is also a potential source of bias that could have impacted the
results in either direction. Given power limitations, particularly for NHL subtypes, as well as
prediagnostic dietary data, we suggest that these findings should be considered in larger
study populations with postdiagnostic dietary data.
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FIG. 1.
Kaplan-Meier survival curves plotted by high and low nitrate and nitrite intake for non-
Hodgkin lymphoma overall.

Aschebrook-Kilfoy et al. Page 6

Nutr Cancer. Author manuscript; available in PMC 2013 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Aschebrook-Kilfoy et al. Page 7

TA
B

LE
 1

M
ul

tiv
ar

ia
te

 a
dj

us
te

d*  
ha

za
rd

 r
at

io
s 

(H
R

) 
an

d 
95

%
 c

on
fi

de
nc

e 
in

te
rv

al
s 

(C
I)

 f
or

 r
is

k 
of

 d
ea

th
 a

ss
oc

ia
te

d 
w

ith
 n

itr
at

e 
an

d 
ni

tr
ite

 in
ta

ke
 q

ua
rt

ile
s 

am
on

g
pa

tie
nt

s 
w

ith
 n

on
-H

od
gk

in
 ly

m
ph

om
a 

by
 s

ub
ty

pe
 m

aj
or

 B
-c

el
l s

ub
ty

pe
s

T
ot

al
 N

H
L

(n
 =

 5
68

)
H

R
 (

95
%

 C
I)

D
L

B
C

L
(n

 =
 1

80
)

H
R

 (
95

%
 C

I)

F
L

(n
 =

 1
31

)
H

R
 (

95
%

 C
I)

C
L

L
/S

L
L

(n
 =

 6
3)

H
R

 (
95

%
 C

I)
M

Z
 (

n 
= 

39
)

H
R

 (
95

%
 C

I)

T
-c

el
l

(n
 =

 4
2)

H
R

 (
95

%
 C

I)

D
ea

th
s 

fr
om

 a
ny

 c
au

se

N
itr

at
e 

(m
g/

da
y)

<
62

.8
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0

62
.8

 to
 <

95
.9

1.
0 

(0
.7

–1
.4

)
1.

0 
(0

.5
–1

.9
)

0.
6 

(0
.2

–1
.4

)
1.

0 
(0

.4
–2

.9
)

1.
1 

(0
.2

–5
.0

)
0.

7 
(0

.2
–2

.2
)

95
.9

 to
 <

14
1.

0
1.

1 
(0

.7
–1

.6
)

1.
1 

(0
.6

–2
.3

)
1.

0 
(0

.4
–2

.4
)

1.
2 

(0
.4

–3
.7

)
1.

2 
(0

.1
–1

0.
8)

0.
2 

(0
.1

–1
.0

)

≥1
41

.0
1.

0 
(0

.7
–1

.5
)

1.
2 

(0
.6

–2
.5

)
0.

4 
(0

.1
–1

.0
)

1.
3 

(0
.4

–4
.0

)
0.

6 
(0

.1
–6

.2
)

—

P 
fo

r 
tr

en
d

0.
88

0.
51

0.
06

0.
27

0.
69

0.
02

N
itr

ite
 (

m
g/

da
y)

<
0.

8
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0

0.
8 

to
 <

1.
1

1.
2 

(0
.8

–1
.6

)
0.

9 
(0

.4
–1

.7
)

2.
2 

(0
.8

–6
.0

)
0.

5 
(0

.2
–1

.4
)

0.
5 

(0
.2

–1
.4

)
1.

6 
(0

.3
–8

.0
)

1.
1 

to
 <

1.
4

0.
8 

(0
.6

–1
.3

)
0.

9 
(0

.4
–1

.8
)

1.
1 

(0
.4

–3
.2

)
0.

5 
(0

.1
–1

.8
)

0.
4 

(0
.1

–2
.8

)
0.

2 
(0

.0
–1

.8
)

≥1
.4

1.
0 

(0
.6

–1
.6

)
1.

5 
(0

.7
–3

.6
)

0.
8 

(0
.2

–2
.9

)
0.

4 
(0

.1
–1

.7
)

0.
7 

(0
.1

–4
.8

)
0.

4 
(0

.0
–5

.5
)

P 
fo

r 
tr

en
d

0.
69

0.
73

0.
84

0.
81

0.
47

0.
16

D
ea

th
s 

fr
om

 N
H

L

N
itr

at
e 

(m
g/

da
y)

<
62

.8
1.

0
1.

0
1.

0
1.

0
—

—

62
.8

 to
 <

95
.9

1.
0 

(0
.7

–1
.4

)
1.

0 
(0

.5
–1

.9
)

0.
6 

(0
.2

–1
.4

)
1.

0 
(0

.4
–2

.9
)

—
—

95
.9

 to
 <

14
1.

0
1.

1 
(0

.7
–1

.6
)

1.
1 

(0
.6

–2
.3

)
1.

0 
(0

.4
–2

.4
)

1.
2 

(0
.4

–3
.7

)
—

—

≥1
41

.0
1.

0 
(0

.7
–1

.5
)

1.
2 

(0
.6

–2
.5

)
0.

4 
(0

.1
–1

.0
)

1.
3 

(0
.4

–4
.0

)
—

—

P 
fo

r 
tr

en
d

0.
88

0.
51

0.
06

0.
27

—
—

N
itr

ite
 (

m
g/

da
y)

<
0.

8
1.

0
1.

0
1.

0
1.

0
—

—

0.
8 

to
 <

1.
1

1.
2 

(0
.8

–1
.6

)
0.

9 
(0

.4
–1

.7
)

2.
2 

(0
.8

–6
.0

)
0.

5 
(0

.2
–1

.4
)

—
—

1.
1 

to
 <

1.
4

0.
8 

(0
.6

–1
.3

)
0.

9 
(0

.4
–1

.8
)

1.
1 

(0
.4

–3
.2

)
0.

5 
(0

.1
–1

.8
)

—
—

≥1
.4

1.
0 

(0
.6

–1
.6

)
1.

5 
(0

.7
–3

.6
)

0.
8 

(0
.2

–2
.9

)
0.

4 
(0

.1
–1

.7
)

—
—

P 
fo

r 
tr

en
d

0.
69

0.
73

0.
84

0.
81

—
—

Nutr Cancer. Author manuscript; available in PMC 2013 April 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Aschebrook-Kilfoy et al. Page 8
* A

dj
us

te
d 

fo
r 

ca
lo

ri
es

, a
ge

, f
am

ily
 h

is
to

ry
, a

nd
 v

ita
m

in
 C

.

H
R

, h
az

ar
d 

ra
tio

; C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; N
H

L
, n

on
-H

od
gk

in
 ly

m
ph

om
a;

 D
L

B
C

L
, d

if
fu

se
 la

rg
e 

B
-c

el
l l

ym
ph

om
a;

 F
L

, f
ol

lic
ul

ar
 ly

m
ph

om
a;

 C
L

L
/S

L
L

, c
hr

on
ic

 ly
m

ph
oc

yt
ic

 le
uk

em
ia

/s
m

al
l l

ym
ph

oc
yt

ic
ly

m
ph

om
a;

 M
Z

, m
ar

gi
na

l z
on

e 
ly

m
ph

om
a;

 T
-c

el
l, 

T
-c

el
l l

ym
ph

om
a.

Nutr Cancer. Author manuscript; available in PMC 2013 April 01.


