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Abstract

The ecological approach is used to investigate dietary and smoking links to lymphoma.
International mortality rate data for 1986 and 1994 by gender and age group are
compared with national dietary supply values of various food components for up to 10
years prior to the mortality data as well as per capita cigarette consumption rates 5 and
15 years earlier. The non-fat portion of milk, 3-9 years prior to the 1986 mortality data
and 4 years prior to the 1994 data, was found to have the highest association with
lymphoma, with r as high as 0.89. The results imply that 70 percent of lymphoma
mortality may be related to this dietary component. Cigarette smoking in 1980 was
found to have a weaker association with 1994 lymphoma mortality rates, being most
important for younger men and statistically insignificant for younger women. The non-
fat milk result is consistent with both case-control studies and a Norwegian prospective
study, and with the often-observed finding that abnormal calcium metabolism,
hypercalciuria, and dysregulated calcitriol production are common in normocalcemic
patients with non-Hodgkin’s lymphoma (NHL). It is hypothesized that excess dietary
calcium from milk is a significant risk factor for lymphoma.

(Altern Med Rev 2000;5(6):563-562)

I ntroduction

A number of environmental, dietary, and lifestyle factors are involved in the etiol ogy of
lymphoma. Various chemicals, including herbicides'? and pesticides,®* have been found to be
associated with increased risk. Occupations with significant chemical exposure, such as agri-
cultural work,*® as well as smoking”® have been determined to be risk factors for lymphoma.
There are anumber of foods which have been associated with an increased risk for lymphoma.
Several studies, using either prospective cohort® or case-control approaches,**2 have found milk
to be arisk factor. However, one study found animal fat to be the highest risk factor (risk ratio
(RR) = 2.00) in older women, with milk and dairy product consumption not associated with
NHL.* A study in Uruguay reported that salted meat was a high risk factor (odds ratio (OR) =
5.5).8 A U.S. study reported that red meat (multivariate relative risk (MRR) = 2.2) and trans
unsaturated fat (MRR = 2.4) were risk factors.** Finally, a lectin found in raw kidney bean,
phytohaemagglutinin (PHA), was found to reduce the rate of an NHL tumor in mice.*®
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Table 1. Datafor Lymphoma Mortality for Maes and Females
Aged 65-74 Years for 1986 and 1994 along with Non-fat Milk

Supply for 1977 and 1988.

Country 1986/1994 Mortality Rate

MEIES ICINEIES
cases/100,000/year
19.0/19.7
38.2/44.0

27.1/30.3
26.3/26.7

Argentina 25.9/29.2
Australia 56.4/56.6
Austria 33.7/43.9
Belgium 34.5/42.3
Canada 56.8/56.4 37.8/39.0
Chile 11.2/39.6 13.3/22.6
Columbia --/25.5 --/18.1
Costa Rica 30.5/24.7 32.5/22.5
Cuba 37.7/35.3 30.0/25.1
Czechoslovakia 40.1/-- 25.0/--
Denmark 52.4/56.2 37.9/28.4
Equador 10.6/-- 7.1/--
Finland 51.6/60.7 34.1/33.5
France 39.7/43.7 23.3/28.2
Germany 36.2/42.3 22.5/27.7
Greece 23.6/24.8 14.3/14.4
Hong Kong 21.4/29.0 16.8/14.3
Hungary 34.7/42.4 25.7/25.4
Ireland 39.3/49.9 38.1/39.9
Italy 36.7/44.7 24.9/31.5

1977/1988 Non-fat Milk

kcal/day/person

population was
less than two
million, if the
mortality rates
for those aged
75+ years were
lower than for
those aged 65-74
years, or if the

gggég countries were
157/166 ggrtgtle_forrgef
viet Union be-

o5/74 countries do_ not
e have Srtnedlcal
care systems on

126/120 par with thosein
154/146 the West. Israel
147/~ was also omitted
159/162 because of the
24/-- large influx of
238/202 immigrantsinre-
150/176 cent history. See
134/151 Figure1for 1986
129/130 lymphoma mor-
50/59 tality rates for
99/114 males aged 75+

182/253

years compared
134/113

to 1980 non-fat
milk consump-

It should also be noted that neither
childhood leukemianor lymphomahave strong
dietary links but seem to be linked to infec-
tions, 1618

Methods

Lymphomamortality dataused in this
study were obtained for 38 countries for 1986
and 33 countries for 1994 (+1/-2 years) from
theWorld Health Organization’sWorld Health
Satistics Annual .*® The countries used in the
analysis along with the 1986 and 1994 mor-
tality ratesfor those aged 65-74 yearsaregiven
in Table 1. Countries were excluded if the

tion. Figure2 de-
picts 1994 lym-
phomamortality rates for females aged 65-74
years versus1993 non-fat milk supply.
National dietary supply data for this
study were obtained from the Food and Agri-
culture Organization (FAO) Food Balance
Sheets.?® Such data are often used in interna-
tional ecologic studies. It has been shown that
inthe United States 75 percent of the consumer
food supply isactually consumed by people.?
Itisassumed that similar factorsapply to other
countries. FAO dietary fat data appear to be
consi stent with studiesfrom various European
countries.Z To further examine the usefulness
of the FAO dietary supply valuesfor thisstudy,
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Figurel: 1986 LymphomaMortality Rates, Males (aged 75+
years), vs. 1980 Non-fat Milk Supply.

r=0.868, F =110, p < 0.001
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those values are compared with recent surveys
of food intakesin ten Western European coun-
tries.* Aside from alcohol, the energy values
in the studies compared to the FAO data for
carbohydrates, total energy, fat, and protein lie
in the range from 0.62 to 0.88. The value of
0.62 for fat when the Mediterranean countries
are included could be due to widespread use
of olive oil in cooking not reflected in intake.
The study values are also affected by
underreporting® and, in the case of alcohoal,
whether the study was conducted during the
week or weekend.? Nonethel ess, the standard
deviation (SD) of the values in terms of en-
ergy, omitting alcohol, lie in the 0.12-0.20
range. The SDs for the primary categories as
fractions of total energy liein the range 0.04-
0.12. The statistical results for dietary com-
ponents and disease values are similar whether
absolute or energy-normalized dietary values

areused. These SD valuesare much lower than
the variations of the FAO data between coun-
tries. Thus, it appears appropriate to assume
the FAO data can be used in such ecological
studies.

A number of dietary componentswere
used in the analysis, including animal fat, ce-
reals, dairy fat, fruit, milk, total fat, total en-
ergy, and vegetable products. The years used
in the analysis for dietary components ex-
tended from 1977-1983 for the 1986 mortal-
ity data, and 1988-1993 for the 1994 mortal-
ity data, sinceit cannot be determined a priori
which years are most important in the etiol-
ogy. Linear and multiple linear regression
analyses were performed on the various data
sets. The F-value was used to rank the results
and eval uate the multiple linear regression re-
sults. Smoking data were obtained?” and re-
ported as number of cigarettes smoked per
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Figure 2: 1994 Lymphoma Mortality Rates, Females (aged 65-74
years), vs. 1993 Non-fat Milk Supply.

r=0.987, F =62,p < 0.001
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person per year for 1980-1982 and 1990-1992.

Results

The highest statistical association be-
tween dietary factors and lymphoma was
found for the non-fat portion of milk (Tables
2 and 3). The non-fat portion of milk is calcu-
lated from total energy derived from milk mi-
nusfour timesthe milk protein weight (grams)
and nine times the milk fat weight (grams).
The statistical results passed all tests applied,
including normality, constant variance, and test
with apha.

Cigarette smoking per capitafor 1980
also showed a positive association with lym-
phomamortality rates, being highest for males
aged 55-64 years, and lowest for femal es aged
55-64 years (Table 4). However, theinclusion

of cigarette smoking in the multiple linear re-
gression reduced, rather than increased, the F
(t?, student-t test) value, indicating that smok-
ing as measured in that manner had a weak
association with lymphoma mortality. While
other dietary components had positive or in-
verse associations with lymphoma mortality,
noneincreased the F valuein amultiplelinear
regression, and none did as well as cigarette
smoking, although cereals came close. There-
fore, theecological approach cannot determine
whether they arerisk or risk-reduction factors
or merely confounding factors, so theseresults
are not reported here.
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Table2: Statistical Results of LymphomaUsing
1986 Mortality Data and the Non-fat Portion of
Milk for Various Years for 38 Countries.

Gender, Age

Years

MALE, 55-64

FEMALE, 55-64

MALE, 65-74

FEMALE, 65-74

MALE, 75+
FEMALE, 75+

Year of dietary data

1977 1980 1983

0.820, 74 0.796, 62 0.815, 71

0.786, 56 0.763, 49 0.767, 50

0.817, 72 0.807, 67 0.831, 81

0.840, 86 0.817, 72 0.816, 77

0.875, 117 0.868, 110 | 0.867, 109

0.885, 130 0.880, 124 | 0.881, 125

Discussion

The statistical resultsfor adult
lymphoma reported here are consis-
tent with several prior studiesinwhich
milk was found to be associated with
mortality from the disease. In a pro-
spective cohort study in Norway,® can-
cer of the lymphatic organs was the
cancer found to have the highest as-
sociation with milk consumption (OR
for >2 glasses/day vs<1 glass/day was
3.36, 95% Cl = 1.4-8.2).In acase-con-
trol study of dietary factors and
NHL,* milk had the highest statisti-
cal association. However, one study
found an insignificantly elevated risk
of NHL among men with high milk
consumption.* A case-control study*?
reported an OR for milk for the high-
est tertile of 1.8 for NHL. They also

Table 3. Statistical Results for Lymphoma Using
1994 Mortality Data and the Non-fat Portion of
Milk from Various Years for 33 Countries.

Gender, Age

Years

MALE, 55-64
MALE, 65-74

MALE, 75+

FEMALE, 55-64
FEMALE, 65-74
FEMALE, 75+

Year of dietary data
1988 1990 1993

0.688, 28 0.691, 28 0.654, 23

0.811, 60 0.827, 67 0.782, 49

0.853, 83 0.863, 91 0.833, 70

0.752, 40 0.736, 37 0.637, 21

0.870, 97 0.863, 90 0.870, 97

0.830, 69 0.847, 79 0.816, 62

reported an OR for whole-grain foods
of 0.4. It is not clear why other reports
havefailed to find aconnection between
milk consumption and NHL inwomen.®
However, their analysisdid not consider
the non-fat portion of milk separately,
nor the amount of cereals in the diet.
They did find reduced RRsfor carbohy-
drates and dietary fiber.

The non-fat milk supply values
for 1977% and 1988% are given in Table
1. For the 17 countries for which non-
fat milk increased, lymphoma mortality
ratesincreased for malesand/or females
aged 65-74 yearsin 14 countries. There
aresix countriesfor which Table 1 shows
adecrease in non-fat milk supply while
another source* showed either no
change or a dight increase. Excluding
these countriesleaveseight for which the
non-fat milk supply clearly decreased.
For these countries, lymphoma mortal-
ity rates for males aged 65-74 years de-
creased in four of the countries, while
they decreased for females aged 65-74
years in three countries. Some of the
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Table4: Statistical Results for Lymphoma Mortality for .
32 Countriesin 1994 Including Non-fat Milk for 1990 and countries, such as

Cigarettes per capitafor 1980 (risk factors) and Ceredls gﬁi:ﬁk:ggyseb?ns?s;s?

(risk reduction factor). phomamortality rates
dueto increased use of

p(non-fat milk) | p(cigarettes) | p(cereals) ?glgcu“ural chemi-

VES . 0.774, 22 ) ) . The ratios of
) 0.849, 38 _ . lymphoid mortality

rates for males to fe-

Ve, e : : males for three age

groups are listed in
Table 5. There is no
statistically significant
gender difference.
This suggests that
gender-specific hor-
mones are not in-
volved, sincefor other
diseases such as acute
myocardial infarction,
female hormones
seem to play a role,
resultinginrapid ratio
changes above 55
years of age.?®

Since adult
lymphoma is highly
associated with the
non-fat portion of
milk and inversely associated with

Female

whole grain cereas,® it islikely that
calcium is involved in the etiology.
It is not likely to be either lactose,

Table5: Ratio of Male Lymphoma Mortality whichisimplicated inischemic heart

Rates Divided by that for Females. disease,®® or milk protein, which is
implicated in osteoporosis,* both of
Age range (years) 55-64 65-74 75+ which have lower associations with

adult lymphomathan the non-fat por-

1986 mean values tion of milk. Phytatein whole grains
reduces calcium absorption,® and
1986 median values whole grains also have other protec-

1994 mean values 1 a7 1 52 1 48 tive compounds.? Whole grain food

intake has been found to beinversely

while other researchers have found
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refined-cereal intake to be positively associ-
ated with anumber of cancers.®® The ecologi-
cal results presented in Table 4 did not find a
statistically significant risk-reduction factor for
wholeand refined cerealscombined. However,
if whole grains alone could be studied using
the ecological approach, a protective effect
might well be found.

A number of studies haveinvestigated
the roles of vitamin D metabolism and hyper-
calcemiain relation to Hodgkin's lymphoma
(HL). In one case, a patient with HL experi-
enced abnormal vitamin D metabolism that
resulted in hypercalcemia when he was ex-
posed to ultraviolet radiation.® It was hypo-
thesized that HL caused abnormal vitamin D
metabolism. A number of such cases have been
reviewed.® Calcitriol has been implicated as
a hematolymphoid regulatory hormone.® It
has been reported that deregulated synthesis
of a1,25(0H),-D-like metaboliteisacommon
cause of hypercalcemiaand hypercalciuriain
patients with lymphoma.3” Abnormal calcium
metabolism, hypercalciuria, and dysregulated
calcitriol production are common findings in
normocal cemic patientswith NHL . Adult T-
cell leukemia-lymphoma patients with el-
evated serum calcium levels were found to
have lower survival rates than those with nor-
mal serum calcium.®® Researchers report that
calcitriol-mediated A-to-B calcium transportin
Caco-2 cellsisaspecific, transcellular process
that requires transcriptional events normally
mediated through the vitamin D receptor, with
1,25(0H),-D3 being the regulator.* Cats with
neoplasia, the most common of which were
lymphoma and squamous cell carcinoma, had
higher serum calcium levels than those with
renal failure.*t Hepatic and serum levelsof iron,
zinc, and calcium were highly elevated 15 days
after transplantation of Dalton’s lymphomain
male Swiss albino mice.* From monitoring
gamma-glutamyl transferase levelsin the liver
aswell, it was concluded that the metals stud-
ied may have arole in initiating and control-
ling cellular proliferation.

While these papers support the hypo-
thesisthat HL givesriseto vitamin D metabo-
lism abnormalitiesfollowed by hypercal cemia,
that may not be the complete story since ex-
cessdietary calcium seemsto belinked to lym-
phomamortality rates. It could be that the ex-
cess calcium from milk, with or without adis-
ruption of vitamin D metabolism, isinvolved
in the etiology of lymphoma among adults.
The role of cereals may either be to displace
milk from the diet or to reduce the absorption
of calcium, perhapsthrough phytatesfoundin
whole grains, as discussed above.

The statistical results for the non-fat
portion of milk givenin Tables 2 and 3 can be
used to estimate the fraction of lymphoma
mortality due to diet. For the 1994 data, the
mortality rateincreased by afactor of 2.3from
age 55-64 yearsto age 65-74 years, and afac-
tor of 1.8 from 65-74 yearsto 75+ years. Suit-
ably averaging the r? values for the three age
groups gives 0.69 for males and 0.71 for fe-
males. Thus, diet seems to explain approxi-
mately 70 percent of the lymphoma mortality
rates on aglobal basis. On the other hand, the
annual incidence of NHL has risen in the
United Statesfrom 5.9 per 100,000in 1950 to
13.7 in 1989, which may be consistent with
chemical exposure increases during this pe-
riod. Milk consumption was relatively un-
changed during that period, with the per capita
supply staying in the range 342-376 kCal/day
from 1962 to 1993. However, cancers gener-
ally have several risk and risk-reduction fac-
tors, sotheincreaseinincidenceratesfor NHL
does not necessarily argue against the results
of this study.

In another study,® the roles of solar
UV-B exposure and vitamin D as risk reduc-
tion factors for various forms of cancer were
studied. NHL and prostate cancer were found
to have similar fractionsof U.S. mortality from
1970-1994 related to insufficient solar UV-B
radiation, 3-5 percent or 7-9 percent, respec-
tively, depending on the UV-B data used,
which was lower than for most other cancers
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studied. Thisfinding isconsistent with acom-
mon etiology, dietary calcium in this case.
Many of the other cancer types have dietary
fat asthe high risk factor.

Note that the dietary links to lym-
phoma differ from those for leukemia. Using
the ecol ogical approach, age-adjusted mortal-
ity data*** found total dietary fat to have the
highest association with leukemia. However,
using age-adjusted incidence data for those
aged 35-64 years, it was found that total ca-
loric supply gave the best results.*® Using the
1986 |eukemiamortality data'® it can be shown
that leukemiamortality ismost highly associ-
ated with total energy supply of adults under
the age of 64 years, after which dietary fat has
the highest association. Thispoint ismade here
to demonstrate that leukemia and lymphoma
have different dietary links, hence, different
etiologies, and to suggest that the ecological
approach isnot just selecting out non-fat milk
asagenera risk for cancer mortality.

Whether disruptions in calcium me-
tabolism are acause or an effect of lymphoma
(or both) still remains to be seen. It is hoped
that the results presented herewill lead to more
case-control, clinical, and cohort studies to
evaluate and extend these findings and result
inguidelinesfor reducing therisk of adult lym-
phoma.
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