risk of non-Hodgkin’s |ymph0ma_ skin cancer), or had missing information on height
These relationships and their potential and cigarette smoking. These exclusions left a total

Dietary Fat and Protein in mechanisms deserve further examina- ©f 88410 women for the analyses. The study was

Relation to Risk of tion. [J Natl Cancer Inst 1999:91: gp_pr:ved b)(/jt\rllve Hum'anHRest_etaIrch Committee at the
Non-Hodgkin’s Lymphoma 1751-8] righam and Women’s Hospital.
Among Women Semiquantitative Food-Frequency

Higher risk of non-Hodgkin's lym- Questionnaire
Shumin Zhang, David J. Hunter, ~ Phoma has been reported consistently in ¢ \jigity and reliability of the food-frequency
Bernard A. Rosner, Graham A. immunocompromised patientd—4). An questionnaires used in the Nurses’ Health Study

Colditz. Charlie S. Fuchs. Frank E increase in dietary fat, particularly of n-6have been described elsewhéis—18). For each
! ey " polyunsaturated fatty acids, suppressesod, a commonly used unit or portion size (i.e., one
Speizer, Walter C. Willett immune status in several animal modelggg or one slice of bread) was specified, and women

(5) but this has not been seen in human&ere asked how often on average over the previous
' ear they had consumed that amount of each food.

Background: Non-Hodgkin’s lym- f%d pOIyuonsaturatEd fat at levels of fr.Oméll'here were nine possible responses, ranging from
phoma occurs more frequently in indi- 3% to 13/0 of energy6,7).A decrease_m “never” to “six or more times per day.” Nutrient
viduals with suppressed immune status, total fat intake (tQ 25_% of energy, ma'inntake was computed by multiplying the frequency
and some types of dietary fat and pro- due to a red_uctlon in saturated fat) iM-esponse by the nutrient content of the specified por-
tein have been associated with de- proved the immune status of healthytion sizes. We also asked questions on the types of

. < women (6), and long-term ingestion of fats or oil used in the preparation of foods and at the
C{e(;ised immune dret?]po'n?eks. |? this large arfw)unts of digtary pI’Otgein has iniable. Values for the specific types of fat and protein
stuay, we examine € Intake ol spe- A in the food btained f the H d Uni-
cific types of dietary fat and protein in ~ Ccréased immune tolerang@). We thus l/nersi?y Food ggrfpgsit?c;?aeDat?tgse?up:;\::; on No-
relation to the risk of non-Hodgkin’s hypothesized that higher dietary intakegemper 22, 1993), which is derived from U.S. De-
lymphoma. Methods: We documented of fat and protein would increase the risksartment of Agriculture source€19) and
199 incident cases of non-Hodgkin's of non-Hodgkin’s lymphoma. supplemented with information from manufacturers.
lymphoma in a cohort of 88 410 women, In a large 'COhOI’t of postmenopausa]rotaltranS|somers of u_nsaturated fat were based on
who were enrolled in the Nurses’ Women, the risk of non-Hodgkin’s lym- values analyzed by Enig et §20) and by Slover et

: - - - I. (21). We included altransisomers of 18-carbon
Health Study and were aged 34-60 phoma increased with higher intakes Oﬁnsaturated fatty acids. The polyunsaturated fat re-

years in 1980, during 14 years of fol- animal fat, Saturateq and monounsa(%orted in this study was the n-6 polyunsaturated lin-
low-up. Relative risks of the disease urated fats but not with pOIYU.nS.atura-Fe leic acid (comprising 81% of total polyunsaturated
and 95% confidence intervals (95% fat (9). In that study, the association withfat in this population). To calculate the total red meat
Cls) were calculated. All P values are intake of trans unsaturated fat was notintake, we summed the frequenc_ies _for six catego-
two-sided and were considered to be reported(9). Few studieg9-14)have ex- ries—beef, pork, or lamb as a main dish; beef, pork,

statistically significant for P<.05. Re- amined dietary protein and foods contrib®" lamb as a sandwich or mixed dish; hamburgers;

sults: Intake of saturated fat was asso- uting to dietary fat and protein in relation

ciated with an increase in risk that was 0 non-Hodgkin's lymphoma risk, and the

not statistically significant; the multi- findings have been inconsistent. We Afiliations of authors:s. Zhang, Department of
ariate relative risk for the highest ver- therefore, evaluated these relationships ifj!"tion and Epidemiology, Harvard School of
varl ve ri [0] V ublic Health, Boston, MA; D. J. Hunter, G. A.

sus the lowest quintiles of intake was the Nurses’ Health Study, a large ProSPeGs q\gitz, Department of Epidemiology, Harvard Cen-

1.4 (95% CI = 0.7-3.0;P for trend = tive cohort of U.S. women. ter for Cancer Prevention, Harvard School of Public
.42). Intake of beef, pork, or lamb as a M ETHODS Hea[th_, and Channing ITaboratory, Departn”_lent of
main dish was associated with a statis- Medicine, Harvard Medical School and Brigham

. . . . and Women’s Hospital, Boston; B. A. Rosner,
tically significantly increased risk of  Study Cohort Channing Laboratorr)y Department of Medicine

nor]-Hodgkm's Iymphoma; the mUIt" In 1976, a total of 121700 female registeredHiarvard Medical School and Brigham and Women's
variate relative risk for consumption of nurses, aged 30-55 years living in 11 states of thHospital, and Department of Biostatistics, Harvard
these meats at least once per day as | .4 States, completed a mailed questionnairg®00! Of Public Health; C. S. Fuchs, Division of
compared with less than once per week ot their medical history and health-related behaV€dical Oncology, Dana-Farber Cancer Institute,
was 2.2 (95% Cl = 1.1-4.4P for trend  iors. Every 2 years, questionnaires have been sent god Channlng Laboratory, Department of Medlcmc’e,
= .002). Higher intake oftrans unsatu- cohort members to update information on potentiaftarvard Medical School and Brigham and Women's

rated fat was also statistically signifi— risk factors and to ascertain newly diagnosed carﬁOSpital; F. E. Speizer, Channing Laboratory, De-

cantly associated with an increased risk °ers and other diseases. In 1980, a 61-f00d-iten’?§rt?em ofdMV?/dicine’, H:rvard IMed(;ch School andf
of the disease: the multivariate relative semiquantitative food-frequency questionnaire wag”g_ am an | i'merhs Hospltad, ag h elparftrr;er;tl_o
risk for the hi;;hest versus the lowest included to obtain dietary informatigii5).In 1984, nvironmental Health, Harvard School of Public

NN the food-frequency questionnaire was expanded tg€a/th; W. C. Willett, Department of Nutrition and
quintiles was 2.4 (95% CI = 1.3-4.6P 116 items(16). Similar questionnaires were used toEPidemiology, Harvard School of Public Health,

for trend = .01). Higher intake of red update dietary intakes in 1986 and 1990. Througfi"d Channing Laboratory, Department of Medicine,
meat cooked by broiIing or barbecu- May 31, 1994, the follow-up was 95% complete as/Harvard Medical School and Brigham and Women'’s

. . . . Hospital.
|ng_but not by roas“ng, pan_fry”']g, a percentage of potentlal person-years. ] .
or boiling or stewing—was associated _ FOf the analyses presented here, women were ex- Correspondence tdshumin Zhang, M.D., Sc.D.,

. L Department of Nutrition, Harvard School of Public
. : . cluded from the 1980 baseline population if they : ’
Wlth. an increase in risk that was not completed a 1980 dietary questionnaire with implau! €2lth, 665 Huntington Ave., Boston, MA 02115
statistically significant. Conclusions: e total energy intake (i.e., <500 or >3500 kcal (& Mail: Shumin.Zhang@channing.harvard.edu).
Greater dietary intake of certain meats day), left more than 10 food items blank, had a pre- S€Notes” following “References.”
and fats was associated with a higher vious diagnosis of cancer (other than nonmelanom@ Oxford University Press
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hot dogs; processed meats; and bacon—and toalter adjustment for total energy by the multivariateand height in inches (<6262 to <64,=64 to <66,
into account the gram weights of servings. nutrient density metho(lL8). In the multivariate nu- =66 to <68, or=68). These variables were risk
Nutrient intakes calculated from the 1980 food-trient density method, nutrient intake was expressethctors for non-Hodgkin's lymphoma either in this
frequency questionnaire were found reasonably coas a percentage of total energy intake, and total empopulation (age and height) or in other populations
related with those recorded by 173 Boston womerrgy was simultaneously included in the mo@i8).  (smoking status and geographic region). We con-
who kept diet diaries for four 1-week periods for For each category of nutrient intake, we calcu+rolled for total energy to reduce measurement error
more than 1 yea(15,16). The Pearson correlation lated the incidence rate by dividing the number ofdue to general overreporting or underreporting of
coefficients between energy-adjusted nutrient estinon-Hodgkin’s lymphoma case patients by the numfood items(18). For analyses of types of fat and
mates from the 1980 food-frequency questionnaireer of person-years of follow-up. Relative risk (RR)protein, we adjusted as well for consumption of
and from the four 1-week dietary records were .4%vas calculated by dividing the incidence rate in arother types of fat, protein, and alcohol; in such mod-
for total protein, .53 for total fat, .59 for saturatedexposure category by the corresponding rate in thels, the effect of each macronutrient can be consid-
fat, .48 for polyunsaturated fat, and .61 for cholesreference category. Age-adjusted RRs were calcered as a substitution for carbohydrét8). We con-
terol (15). The Pearson correlation coefficient be-lated with the use of 5-year age categories by th&olled for fruit and vegetable intake, since this was
tween the calculated dietary intake toAns unsatu- Mantel-Haenszel metho@9). In multivariate inversely associated with risk of non-Hodgkin's
rated fatty acids and the proportion ofans analyses by use of pooled logistic regression wittymphoma in this population. In these models, age
unsaturated fatty acids in adipose tissue was .52-year time increment630,31),we simultaneously and smoking status were updated biennially, and to-
(22). The Pearson correlation coefficients betweeradjusted for age (5-year categories), smoking statual energy intake was calculated from the 1980 food-
the dietary records and the 1980 food-frequencynever, past, or current smoking of one to 14 cigafrequency questionnaire. We also related body mass
guestionnaire were .38 for meat and .71 for margarettes per day o 15 cigarettes per day), geographicindex, defined as the weight in kilograms divided by
rine (17). For meat products, fish, and eggs, theregion (Northeast, Midwest, South, or California),the square of the height in meters, to non-Hodgkin’s
Pearson correlation coefficients between the dietariength of follow-up, total energy intake (quintiles), lymphoma risk. We did not include body mass index
records and the 1980 food-frequency questionnaire
ranged from .26 for hamburgers to .68 for eggs; for
dairy products, the values ranged from .49 for hard Table 1.Relative risks of non-Hodgkin's lymphoma by age, smoking status, geographic region, height

tuouy pepeojumoq

cheese to .79 for skim milk and for butter; for sweet body mass index, and total energy intake* =
and baked foods, the values ranged from .27 for rice §]
or pasta to .67 for peanut buttét7). No. of 5
Because heterocyclic amines (HCAs) generateg:haracteristic case patients Person-years Multivariate RRT 95% CI @
during the cooking of meats may be of etiologicAge’_JF y §
significance for non-Hodgkin’s lymphom@3-25), <50 34 473384 1.0 Referent o
we examined the method of cooking and the degree 50_54 39 239398 21 1.3-33 2
of doneness, which have been reported to be related 55-59 47 228573 2.6 1.6-4.0 2
to HCA levels(26,27).In the 1980 food-frequency  60—-64 43 153210 3.2 2.0-5.1 g
questionnaire, women were also asked what percent- =65 36 74761 54 3191 =
age of the time they ate their meat cooked well-donesmoking statusz Q.
In the 1986 food-frequency questionnaire, we asked Never 82 510112 1.0 Referent %,
participants how often they ate beef, pork, or lamb Past 78 393047 1.2 0.8-1.6 %
as roasted, pan-fried, broiled, barbecued, and boiled Current, 1-14 cigarettes/day 16 82289 13 07-22 <
or stewed; there were six possible responses for eachCurrent, =15 cigarettes/day 23 183878 0.9 06-1.4 3
form of cooking ranging from “never” to “five or Geographic region of residence§ <
more times per week.” Northeast 101 682974 1.0 Referent
Midwest 41 221512 1.3 0.9-1.8 g
Ascertainment of Non-Hodgkin’s South 28 123349 14 09-22 @
Lymphoma Cases California 29 141492 1.2 0.8-1.8 §
Height, in >
Incident cases of non-Hodgkin’s lymphoma (In- <62 12 116 096 1.0 Referent &£
ternational Classification of Diseases, 8th Revision, =62 to <64 44 285636 15 08-29 ¢
code No. 202) were identified by self-report on each =64 to <66 65 364426 18 1.0-34 @
biennial questionnaire from 1982 through 1994. igg to <68 2571 12273?827981 213 1120_276 e
Deaths in the cohort were identified by reports from ~ ) : e N
) ) Two-sidedP for trend .01 w
family members, the postal service, and a search of ) o =
the National Death Index; we estimated that 98% ofody mass index,§ weight in D
all deaths were identifie(28). Women who reported klgé(he|ght in m§ 36 249 464 10 Referent %
Iy_mphomas (or their next o_f kl_n, if the su_bject hqd 21.0-22.9 49 284711 11 07-17 S
died) were asked for permission to z_)b_tam hospital 23.0-24.9 45 235730 1.2 08-18 =
records and pathology reports. Physicians who had 55 9_og g 48 268573 11 0.7-1.6
no knowledge of the dietary intake of the partici- =30 21 125246 1.0 0.6-1.8
pants reviewed the records. During 14 years (repre-  Two-sidedP for trend .92
senting 1169 326 per_son-years) of follow-up, 199T0ta| energy,§ kcal
cases of non-Hodgkin’s lymphoma were docu- -q139 51 233646 1.0 Referent
mented. 1139-1392 42 233283 0.8 0.6-1.3
1393-1634 30 234280 0.6 0.4-0.9
Statistical Analysis 1635—1954 40 234619 0.8 0.5-1.2
=1955 36 233498 0.7 0.5-1.1
Person-years of observation for each participant ~ Two-sidedP for trend 14

were calculated from the date of returning the 1980
guestionnaire to the date of diagnosis of non- *RR = relative risk; Cl = confidence interval.

Hodgkin’s lymphoma, death, or June 1, 1994, tVariables were mutually adjusted for each other with additionally controlling for length of follow-up
whichever came first. For nutrient analyses, womelgseven periods).

were categorized by quintile of the 1980 baseline fUpdated every 2 years.

dietary intake of specific types of fat and protein, 81980 information.
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Table 2.Relative risks (RRs) of non-Hodgkin’s lymphoma by quintiles of specific types of dietary fat, cholesterol, and dietary protein in

1980 among 88410 women

Quintile of nutrient intake

Quintile 5, Two-sided
1 2 3 4 5 95% CI* P for trend
Total fat
No. of case patients 32 38 43 46 40
Intake, % energyt 28.7 34.9 39.1 43.1 48.7
Age-adjusted RR 1.0 1.3 15 1.6 14 0.9-2.2 .10
Multivariate RR¥ 1.0 1.3 1.5 1.7 14 0.9-2.3 .07
Multivariate RR§ 1.0 1.2 1.4 14 1.2 0.7-2.0 44
Animal fat
No. of case patients 34 32 46 43 44
Intake, % energyt 18.6 24.5 28.9 334 40.1
Age-adjusted RR 1.0 1.0 15 1.4 1.4 0.9-2.2 .07
Multivariate RR¥ 1.0 1.0 15 14 14 0.9-2.2 .06
Multivariate RR§ + adjustment for vegetable fat 1.0 0.9 1.3 1.2 1.2 0.7-2.1 .30
Vegetable fat
No. of case patients 38 43 42 41 35
Intake, % energyt 4.0 6.7 9.0 11.7 16.2
Age-adjusted RR 1.0 1.2 1.2 1.2 1.0 0.6-1.5 .81
Multivariate RR¥ 1.0 1.2 1.2 1.2 1.0 0.6-1.6 .90
Multivariate RR8 + adjustment for animal fat 1.0 1.2 1.2 1.2 1.0 0.6-1.7 .89
Saturated fat
No. of case patients 30 36 50 36 a7
Intake, % energyt 11.0 13.7 15.6 17.4 20.1
Age-adjusted RR 1.0 1.3 1.8 1.3 1.7 1.1-2.7 .03
Multivariate RR¥ 1.0 1.3 1.9 14 1.8 1.1-2.9 .02
Multivariate RR8 + adjustments for monounsaturated, 1.0 11 15 1.1 1.4 0.7-3.0 A2
polyunsaturated, anglans unsaturated fats
Monounsaturated fat
No. of case patients 31 34 47 42 45
Intake, % energyt 111 13.9 15.9 17.9 20.9
Age-adjusted RR 1.0 1.2 1.7 15 1.6 1.0-2.6 .03
Multivariate RR¥ 1.0 1.2 1.7 1.6 1.7 1.1-2.7 .02
Multivariate RR8 + adjustments for saturated, 1.0 0.9 1.1 0.9 0.8 0.4-1.9 .63
polyunsaturated, antlans unsaturated fats
n-6 polyunsaturated fat
No. of case patients 39 42 43 31 44
Intake, % energyt 25 3.4 4.1 4.8 6.2
Age-adjusted RR 1.0 1.1 1.2 0.9 1.3 0.9-2.0 .38
Multivariate RR¥ 1.0 1.1 1.2 0.9 1.3 0.8-2.0 .49
Multivariate RR8 + adjustments for saturated, 1.0 1.0 0.9 0.6 0.8 0.5-1.4 .30
monounsaturated, artthns unsaturated fats
Transunsaturated fat
No. of case patients 28 37 46 34 54
Intake, % energyt 1.3 1.8 2.2 2.6 3.2
Age-adjusted RR 1.0 14 1.8 1.4 2.2 1.4-34 .003
Multivariate RR¥ 1.0 14 1.8 14 2.2 1.4-35 .002
Multivariate RR8 + adjustments for saturated, 1.0 1.3 1.8 14 24 1.3-4.6 .01
monounsaturated, and polyunsaturated fats
Fish omega-3 fatty acids
No. of case patients 33 40 46 39 41
Intake, % energyt 0.02 0.03 0.04 0.05 0.10
Age-adjusted RR 1.0 1.2 1.3 11 1.1 0.7-1.7 .90
Multivariate RRt 1.0 12 1.3 1.0 1.0 0.7-1.7 71
Multivariate RRt + adjustments for saturated and 1.0 1.2 1.4 1.2 14 0.8-2.2 A2
trans unsaturated fats and fruit and vegetable intake
Cholesterol
No. of case patients 36 37 45 39 42
Intake, mg/1000 kcal/dayt 133.8 172.3 201.8 234.6 296.9
Age-adjusted RR 1.0 11 1.3 1.1 1.2 0.8-1.9 .49
Multivariate RR¥ 1.0 1.1 1.3 1.1 1.1 0.7-1.7 .75
Multivariate RR8 + adjustments for saturated, monounsaturated, 1.0 0.9 1.1 0.9 1.0 0.6-1.6 .92
polyunsaturated, antlans unsaturated fats
Total protein
No. of case patients 31 48 37 41 42
Intake, % energyt 14.7 171 18.8 20.6 24.0
Age-adjusted RR 1.0 15 1.1 1.2 1.2 0.8-1.9 77
Multivariate RR% 1.0 15 1.1 1.2 1.2 0.7-1.8 .99
(Table continues)
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Table 2 (continued).Relative risks (RRs) of non-Hodgkin's lymphoma by quintiles of specific types of dietary fat, cholesterol, and
dietary protein in 1980 among 88 410 women

Quintile of nutrient intake

Quintile 5, Two-sided
1 2 3 4 5 95% CI* P for trend
Multivariate RRt + adjustments for saturated, monounsaturated, 1.0 1.4 1.1 1.2 1.3 0.8-2.1 .69
polyunsaturated, antlans unsaturated fats, alcohol, and
fruit and vegetable intake
Animal protein
No. of case patients 29 50 34 45 41
Intake, % energyt 10.7 13.3 15.2 17.2 20.6
Age-adjusted RR 1.0 1.7 1.1 15 1.3 0.8-2.1 .54
Multivariate RR¥ 1.0 1.7 11 15 1.3 0.8-2.0 71
Multivariate RRt + adjustments for saturated, monounsaturated, 1.0 1.6 1.0 14 1.2 0.7-2.1 .86
polyunsaturated, antlans unsaturated fats, vegetable
protein, alcohol, and fruit and vegetable intake
Vegetable protein
No. of case patients 47 33 a7 40 32
Intake, % energyt 2.4 3.0 35 4.1 5.0
Age-adjusted RR 1.0 0.7 1.0 0.8 0.6 0.4-1.0 .09
Multivariate RR¥ 1.0 0.7 1.0 0.8 0.6 0.4-0.9 .06
Multivariate RRt + adjustments for saturated, monounsaturated, 1.0 0.7 1.0 0.9 0.7 0.4-1.3 .49

polyunsaturated, anglans unsaturated fats, animal
protein, alcohol, and fruit and vegetable intake

*95% Cl = 95% confidence intervals for RRs for quintile 5.

tValues for intake are medians for each quintile of nutrient intake in 1980.

FMultivariate models included age (5-year categories), total energy (quintiles), length of follow-up (seven periods), geographic regiast(Nochivest, South,
or California), cigarette smoking (never, past, or current smoking of 1-14 cigarettes per=&$ oigarettes per day), and height in inches (<682 to <64,=64
to <66,=66 to <68, or=68).

§Additional adjustments for dietary protein (quintiles), alcohol intake (O g/day, 0.1-4.9 g/day, 5-14.9 g/edhf gfday), and fruit and vegetable intake (<3
servings/day, 3-3.9 servings/day, 4-4.9 servings/day, 5-5.9 servings/dag, ssrvings/day).

in multivariate analyses of types of fat and protein  After adjustment for age and other po-0.8-2.2) P for trend = .15); the mean

because it was not a risk factor for non-Hodgkin'stentia| risk factors, we observed statistiintakes as percent of energy for quintiles
lymphoma in this poulation. In separate analysexy significant positive associations be-of trans unsaturated vegetable fat were
that incorporated repeated dietary measurement

the incidence of non-Hodgkin's lymphoma was refvveen the 1980 dietary intakes 0f0.5%, 0.9%, 1.2%, 1.6%, and 2.3% and
lated to the cumulative average intake from all availSaturated, monounsaturated, arghsun-  for trans unsaturated animal fat were
able dietary questionnaires up to the start of eachaturated fats and the risk of non-0.5%, 0.7%, 0.9%, 1.1%, and 1.3%. Di-
2-year follow-up interval or to the most recent intakeHodgkin’s lymphoma R for trend <.05) etary intakes of total fat, animal fat, veg-
at the start of each 2-year follow-up intenv@2).  (Table 2). The statistically significant as-etable fat, n-6 polyunsaturated fat, fish
Indicator variables were used to denote any timgqciation for intake ofrans unsaturated omega-3 fatty acids, cholesterol, total
period for which a questionnaire was not availableg,; o ained after further adjustments foprotein, animal protein, and vegetable
For all RRs, we calculated 95% confidence intervals . . . L
(Cls). All P values were two-tailed and were con_oth_er types of fat, protein, aIcohoI! an_dproteln were not statistically significantly
sidered to be statistically significant when <.05.fruit and vegetable intake; the multivari-related to risk (Table 2).
Tests for trend were conducted by use of the media@te RR for the highest quintile of intake When we treated the 1980 nutrients as
values for each quintile of nutrient intake as a concompared with the lowest quintile of in- continuous variables, the multivariate
tinuous variable for nutrient analysis or by use of thggke was 2.4 (95% CE 1.3-4.6). The RRs were 2.2 (95% C 1.2-3.9) for an
frequency responses in servings per day as one vaglomparable RR after additional adjustincrease of 2% in energy obtained from
able for food analysis. ment for beef, pork, or lamb as a maintrans unsaturated fat compared with the
RESULTS dish was 1.8 (95% Ck 1.1-3.0). How- equivalent energy from carbohydrate and
ever, the positive associations for satui.2 (95% Cl= 0.8-1.7) for an increase of
Age was strongly associated with arrated and monounsaturated fats werg% in energy from saturated fat compared
increased risk of non-Hodgkin's lym- greatly attenuated after further adjustwith the equivalent energy from carbohy-
phoma, and we also observed a stronments for other types of fat, protein, alco-drate. To address the potential bias that
positive association with height (Table 1).hol, and fruit and vegetable intake. Wewomen may change their diet because of
However, smoking status, geographic realso examinedrans unsaturated fat from symptoms of non-Hodgkin’s lymphoma,
gion, body mass index in 1980, and totalegetable fat (due to partial hydrogenawe further excluded incident cases én
energy intake were unrelated to riskion of vegetable oils) and from animal fat30 cases) occurring during the first 4
(Table 1). When body mass index waseparately. For increasing quintiles, thgears of follow-up; the results did not ap-
updated every 2 years, which representsiultivariate RRs fortrans unsaturated preciably change (RR= 2.3 [95% Cl =
the most recent status, the association beegetable fat were 1.0, 1.7, 1.8, 1.8, and.2—4.3] for trans unsaturated fat and
came inverse (RRs for increasing categot.9 (95% Cl= 1.2-3.1) P for trend = RR = 1.3 [95% CI = 0.9-2.0] for satu-
ries = 1.0, 0.8, 0.8, 0.6 and 0.7 [95% CI.03) and fortrans unsaturated animal fat rated fat). When nutrients were expressed
= 0.4-1.2];P for trend = .11). were 1.0,1.4,1.3,1.7,and 1.4 (95% €1 as the cumulative average intakes, the as-
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sociations were greatly attenuated; thgreatly change their margarine intake betivariate RR was 1.6 (95% C& 1.0-2.6)
multivariate RRs were 1.5 (95% C& tween 1970 and 1980 (RRs 1.0, 1.2, for women consuming at least one serving
0.8-3.0) for an increase of 2% in energy.8, 1.0, and 1.2 [95% C 0.8-1.9];P per week compared with those consuming
obtained fromtrans unsaturated fat and for trend = .33). A statistically signifi- less than one serving per month. Higher
1.0 (95% Cl= 0.6-1.7) for an increase of cant increase in the risk of non-Hodgkin’sintake of cake was also statistically sig-
5% in energy from saturated fat. Whenymphoma was seen with greater intake ofiificantly associated with a higher risk;
nutrients were expressed as the most réeef, pork, or lamb as a main dish; thehe multivariate RR was 2.0 (95% G#
cent intakes, the associations were furthenultivariate RR was 2.2 (95% CF 1.1- 1.2-3.4) for women consuming at least
reduced and became less than 1.0; the4) for consumption at least once per dajwo servings per week compared with
multivariate RRs were 0.9 (95% CE compared with less than once per weekhose consuming less than one serving per
0.5-1.6) for an increase of 2% in energy(Table 3) and fell to 2.0 (95% C¥ 1.0- month. Intakes of cookies and white
obtained fromtrans unsaturated fat and 4.0) after further adjustment for fruit andbread, two other sources tins unsatu-
0.7 (95% Cl= 0.4-1.0) for an increase of vegetable intake and to 1.7 (95% & rated fat, were not statistically signifi-
5% in energy from saturated fat. 0.8-3.7) after additional adjustments foicantly related to risk. We did not find sta-
Margarine accounted for 22% of totalsaturated andrans unsaturated fats. Thetistically significant associations for
transunsaturated fat intake; beef, pork, oassociation was strengthened when wiatakes of beef, pork, or lamb as a mixed
lamb as a main dish for 16%; and cookiedimited analyses to women who reportedlish or sandwich; bacon; hot dogs; pro-
for 12%. Other individual meats, bakedthat they did not greatly change their diecessed meats; hamburgers; chicken with
foods, and dairy products each accounteldetween 1970 and 1980; the comparablgkin; chicken without skin; fish; eggs;
for less than 7%. Margarine consumptiomultivariate RRs were 1.0 (referent), 1.4Jiver; skim or low-fat milk; whole milk;
was weakly and statistically nonsignifi-1.9, 2.4, and 3.2 (95% C& 1.4-7.3) P or other dairy products with the risk of
cantly associated with risk (Table 3).for trend = .003). The multivariate RRs non-Hodgkin’s lymphoma (data not
Similar weak associations were seen fofor increasing quintiles of total red meatshown).
both stick margarine (RRs= 1.0, 1.1, intake were 1.0 (referent), 0.9, 1.3, 1.0, Risk of non-Hodgkin’s lymphoma was
0.7, 1.0, and 1.2 [95% CkE 0.8-1.2]; and 1.3 (95% Cl= 0.8-2.2) P for trend slightly lower among women who con-
P for trend = .39) and tub margarine = .25). Beef, pork, or lamb as a mainsumed meat cooked well-done; for in-
(RRs = 1.0, 1.0, 0.8, 0.8, and 1.3 [95%dish accounted for 68% of the total redcreasing quintiles of the percent of in-
Cl = 0.9-2.0];P for trend = .33) and in meat intake. Intake of homemade pie wastances of consumption as well-done, the
analyses limited to women who did notalso related to an increased risk; the mulmultivariate RRs were 1.0 (referent), 0.7,

Table 3.Relative risks (RRs) of non-Hodgkin’s lymphoma by intake of foods as major sourdesnsfunsaturated fat in 1980
(unit of consumption given in parentheses)

Frequency of consumption
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Two-sided
<1/mo 1-3/mo 1/wk 2—-4/wk 5-6/wk 1/d =2/d P for trend
Margarine (teaspoon; 5 mL) Dl —
No. of case patients 41 32 14 42 70
Multivariate RR* 1.0 1.2 0.9 1.0 1.2 .25
95% CIt Referent 0.7-1.8 0.5-1.6 0.7-1.5 0.8-1.8
Beef, pork, or lamb (main dish, 6-8 0z) t
No. of case patients 26 51 82 23 17
Multivariate RR* 1.0 1.0 14 1.7 2.2 .002
95% CIt Referent 0.6-1.5 0.9-2.2 0.9-3.2 1.1-4.4
Cookie (1)
No. of case patients 39 52 27 46 35
Multivariate RR* 1.0 1.2 1.1 15 1.2 46
95% CIt Referent 0.8-1.9 0.7-1.8 1.0-2.3 0.7-1.9
White bread (1 slice)
No. of case patients 65 14 12 28 25 28 27
Multivariate RR* 1.0 11 0.9 0.9 1.7 1.0 0.9 .65
95% CIt Referent 0.6-1.9 0.5-1.6 0.6-1.4 1.0-2.6 0.6-1.6 0.5-1.4
Pie, home-made (1 slice)
No. of case patients 98 75 26
Multivariate RR* 1.0 1.1 1.6 .07
95% CIt Referent 0.8-1.5 1.0-2.6
Cake (1 slice)
No. of case patients 51 99 28 21
Multivariate RR* 1.0 1.6 1.3 2.0 .03
95% CIt Referent 1.1-2.2 0.8-2.1 1.2-34

*Multivariate models included age (5-year categories), total energy (quintiles), length of follow-up (seven periods), geographic regiastNdidiaeest, South,
or California), cigarette smoking (never, past, or current smoking of 1-14 cigarettes per®a$ orgarettes per day), and height in inches (<682 to <64,=64
to <66,=66 to <68, or=68).

TCI = confidence interval.
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1.0, 0.8, and 0.7 (95% C¥ 0.5-1.0) P the findings. The estimates of dietary in-Health Study(9), we observed a positive
for trend = .07). Consumption of broiled takes derived from the dietary questionassociation between saturated fat intake
beef, pork, or lamb at least two to fournaire used in this study reasonably reflecand the risk of non-Hodgkin’s lymphoma,
times per week was associated with a stdeng-term intakes of study subjec$5). albeit not statistically independent of
tistically nonsignificant increase in risk However, some misclassification of in-trans unsaturated fat, and we found no
(RR = 1.8; 95% Cl = 1.0-3.3;P for dividual long-term diet still exists, which association with n-6 polyunsaturated fat.
trend = .09) (Table 4). We also observedwould tend to weaken any true associaAnimal protein intake was associated
a statistically nonsignificant increase intions. Because patients with non-Hodgkin'syith an increased risk in the lowa Wom-
risk with higher intake of barbecued beeflymphoma are usually diagnosed becausgn’s Health Study9) and in an interna-
pork, or lamb. However, consumption ofof symptoms, such as significant weightijonal correlation study(10). We did not
beef, pork, or lamb that was roasted, parloss, fever, and night sweats, dietaryonfirm this association in this study,
fried, or boiled or stewed was not associchange because of these symptoms is\gich is consistent with the finding from

ated with risk. potential source of bias, which is consisy case—control studl).
tent with the different results for body This study revealed a strong positive
Discussion mass index when using the most recen{sgociation betweetnans unsaturated fat

exposure rather than the index in 1980414 the risk of non-Hodgkin’s lymphoma.

In this large cohort of women, intake The use of baseline diet rather than thﬁ/largarine intake, a major source &ns
of beef, pork, or lamb as a main dish wasnost recent diet helps to reduce this bia%nsaturated fat r'1ad a statistically signifi-
most strongly associated with the risk ofResidual confounding by nondietary fac- '

7 . . o cant positive association with risk in a
non-Hodgkin’'s lymphoma. Higher in- tors cannot be excluded, but it is also UNzase—control study (RR= 1.4: P <.05)

takes oftrans unsaturated fat and, per-likely to explain these observed findings(ls) We found weak and nonsignificant
haps, saturated fat were associated withecause controlling for potential nondi'assc')ciations with intakes of maraarine =
an increased risk. Other major types of fagtary risk factors for non-Hodgkin's lym- and cookies and observed no assgciationm
or protein were not independently associphoma had minimal effect on the RRs. . .
o : - with white bread. However, we found sta-
ated with risk. Other aspects of foods associated Wltgsticall sianificant positive associations
The prospective design and high fol+isk could confound associations withWith in%/akegs of pie gnd cake. which are
low-up rates in this study minimize thetypes of fat. ften hiah int P turat d fat f
concern that methodologic biases explain Consistent with the lowa Women's 2t€N figh infrans unsaturated fat from -
partially hydrogenated vegetable oils. Our

finding on trans unsaturated fat needs to
Table 4.Relative risks (RRs) of non-Hodgkin's lymphoma by method of cooking beef, pork, or lamd2€ interpreted with caution. We cannot
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in 1986 exclude the possibility that this was due to %—
chance because so many nutrients wereo
Frequency of consumption i «
d y P Two-sided exammed' . . N
<1/mo 1-3/mo 1wk =2_4/wk P for trend Milk consumption has been associated <
—— with the risk of non-Hodgkin’s lymphoma 3!
rolles . . . -
No. of case patients 27 37 30 19 in two case—control studies a_nd in a co- N
Age-adjusted RR 1.0 15 1.6 1.8 13 hort s;udy(12—14);however, thiswas not &
Multivariate RR* 1.0 15 1.6 18 .09  seen in the lowa Women’s Health Study £
— —. —. . &~
95% CIt Referent 0.9-2.4 1.0-2.7 1.0-3.3 (9), a case—control study in Woméﬂll), <
Barbecued _ or our data. Hamburger intake was asso-«o
No. of case patients 55 32 25 ciated with an increased risk in the lowa &
Age-adjusted RR 1.0 1.2 1.4 .16 \ 28
Multivariate RR* 10 12 15 13 Women's Health Study9), but we found ¢
95% CIt Referent 0.8-1.9 0.9-2.4 no such association. However, women in -
Roasted the lowa Women’s Health Study had =
No. of case patients 30 47 37 higher consumption of hamburgers (36% G
Age-adjusted RR 1.0 0.9 0.9 53 of them consumed more than one per o
Multivariate RR* 1.0 0.9 0.9 .64 . of i . S
95% CIt Referent 0.6-1.5 0.5-1.4 week as Compal’ed.Wﬂ.h 24% in this Study) N
pan-fried (9). The present finding of an approxi-
No. of case patients 59 29 22 mately twofold hlgher risk of non-
Age-adjusted RR 1.0 14 1.0 91 Hodgkin's lymphoma among women who
T 1 * .
Multivariate RR 1.0 14 10 89 consumed a higher amount of beef, pork,
95% CIt Referent 0.9-2.2 0.6-1.7
i or lamb has not been reported before. Be-
Bolled or stewed cause so many foods were examined, we
No. of case patients 52 42 17 y . - !
Age-adjusted RR 1.0 1.3 0.9 79 also .cr?mnot echude Wlth_confldence the
Multivariate RR* 1.0 1.3 1.0 .94 possibility that this positive result was
95% CIt Referent 0.9-2.0 0.5-1.7 due to chance. However, the greater

*Multivariate models included age (5-year categories), total energy (quintiles), length of follow-up (fggength of association among women
periods), geographic region (Northeast, Midwest, South, or California), cigarette smoking (never, pa%’tv,ltc!;J conS|stent_Iong-term consumptlo_n
current smoking of 1-14 cigarettes per day=dt5 cigarettes per day), and height in inches (<682 to <64, suggests that this may be a true causative

=64 to <66,=66 to <68, 0r=68). factor. Although different meat products
tCI = confidence interval. were most strongly associated with risk in
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the Nurses’ Health Study and in the lowa (3) Rabkin CS, Biggar RJ, Baptiste MS, Abe T, Research Service. USDA Nutrient Database
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