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Most of our knowledge concerning the biological
effects of radio frequency (RF) radiation from wire-
less communication devices came out of investiga-
tions conducted using experimental animals, such as
rats, mice, etc. When it comes to the impact of RF
radiation on human health and safety, epidemiology
can play a pivotal role, because it is a study of the
distribution of disease and its determinants in human
populations.

In recent years, there has been increasing interest
on cancer induction and promotion from RF exposure.
Prior to 1980, however, most epidemiological studies
or medical surveillance in occupational settings did
not take cancer induction into account.

To examine if exposure to wireless communication
radiation is involved in cancer induction and promo-
tion, it is necessary to collect data from people with
similar background, other than RF exposure. For ex-
ample, some factors that should be considered when
collecting the data include age, sex, race, education,
occupation, personal habits, and so on. Also, when re-
viewing the data, one has to be aware if there are any
changes in diagnostic criteria, diagnostic technique,
or improved reporting. This is not to suggest that RF
exposure is adequately characterized in most studies.
The fact is that it is far from it

The importance of confounding factors in observa-
tional data is illustrated by age in mortality rates in
the United States. (A mortality rate is the number of
deaths per population at risk per unit time. It is the
reciprocal of population life expectancy.) The crude
mortality rate of the United States, almost, staycd at
the same level (1,000 per 100,000) from 1940 to 1990.
A crude mortality ratc does not take the effect of age
into account. If age is taken into consideration - a pro-
cedure called age adjustment - the mortality rate goes
dramatically down from 1940 to 1990 . Age adjust-
ment makes the outcome of observations for which
compositions of population age are ditferent, compa-
rable. The age-adjusted results indicate that the to-
tal nuimber of deaths per year stayed the same. How-
ever, from 1940 to 1990, the longevity became greater,
since fewer people died in the young and middle-aged
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Moreover, a false-positive relationship between ex-
posure and disease can also exist, and it can be con-
fusing. For instance, the association betwceen cigarette
smoking and lung cancer is well known. A pos-
itive relationship between alcohol consumption and
lung cancer, which is false, can also be shown to ex-
ist. What actually happens is that smoking increases
the risk of developing lung cancer. Since those who
smoke tend to drink, a positive connection between al-
cohol consumption and lung cancer there exists. How-
ever, smoking is a significant confounding factor, in
this case.

In epidemiologic studies, a relatively large sample
size is required to detect a certain level in the differ-
ence of outcomes. If the study is conducted using a
small sample size, true results cannot be drawn. In
such a case, it is nothing more than a waste of time and
money. One has to be careful about sample size when
conducting studies. It is customary to assess how
rare the outcome is, by calculating the p-value asso-
ciated with an appropriate statistical test (Chi square,
Fisher’s exact, Student’s T, etc.). In general, if the p-
value is less than 0.05, the result of the study is usually
considered to be statistically significant.

There were two early epidemiological papers re-
porting cohort studies of cancer and RF exposure. Be-
tween 1953 and 1976, U.S. personnel stationed at the
Moscow Embassy were exposed to 0.015 mW/cm?2 at
600-9600 MHz for 9-18 hi/day [1, 2]. The morbid-
ity and mortality of the Moscow personnel were com-
pared with those who had scrved at Eastern European
cmbassics or consulates where only background levels
were detectable during the same period. (Morbidity is
the state of ill-health produced by a given disease.)
There was no evidence of higher mortality or morbid-
ity in the exposed group. Note that the small num-
ber of cancer cases makes interpretation of this study
rather limited. Another study was conducted on U.S.
Navy personnel, trained in the use and maintenance of
radio and radar equipment. The study did not reveal
any difference in the mortality rate or cancer incidence
between the high-exposure (up to 10-100 mW/cm?2)

roare affar avnnctire [21 A maiar difheonlty with thecee
)\/ul\ [eR RN \/A}JU’ULL 11 N LICLIUL Wilranv sy VY ELEL LIINv O
two studies is the uncertainty in assessing actual ex-

-

6 Mobile Computing and Conumunications Review, Volume 5, Number 2




posure to large numbers of people.

A cohort study is a prospective study, in which peo-
ple who are free of the disease of interest at the time
of entry into the study are classified according to their
leve! of exposure to the putative risk factor: in this
case, RF radiation. In a retrospective cohort study, a
cohort 1s assembled by reviewing records to identify
exposure in the past.

Several epidemiological studies on cancer and mor-
tality have been published within the last few years.
The mortality rate of male amateur-radio operators in
the Western U.S. was compared to that of the U.S.
general population [4]. Higher mortality ratios were
shown for brain tumors (1.4}, acute myeloid leukemia
(1.8), and cancer in some lymphatic tissues (1.6).
In other words, 1.4, 1.8, or 1.6 times as many peo-
ple in the study group died because of brain tumors,
leukemia, or lymphatic cancer as in the reference
group. The potentially significant confounding factor
of soldering fumes within this hobby group presents
some uncertainty.

Some studies involving children and adults living in
close proximity to radio towers uscd distance from the
tower as a surrogate for exposure measure. In a cohort
of 50,000, it was found that the relative risks (RR’s)
of children for brain tumor, leukemia, Hodgkin’s dis-
easc, and non-Hodgkin’s Iymphoma were not elevated
if they lived within 3.5 km of an RF tower in San Fran-
cisco [5]. (Relative risk is the ratio of risk of individu-
als exposed to a causal agent developing the disease to
the risk of unexposed individuals developing the dis-
ease.) A small case-control study, based on a leukemia
cluster around a broadcasting tower in Hawaii, gave
an RR of 2.1 for children living within 4.2 km [6]. The
risk of developing leukemia was 2.1 times as high for
those living within 4.2 km of the broadcasting tower
as for those in the control group. Also, the incidence
of leukemia was found to be greater (1.58) among
children living near TV towers in Sydney, Australia
[7]. However, the rate for brain tumors was not in-
creased, comparing those who live near and those who
live further away (12 km).

A case-control study is a study in which the inves-
tigator selects persons with a given discase (the cases)
and persons without the given disease (the controls),
and measures and compares the extent of the exposure
to the hypothesized causal agent between the cases
and the controls.

A small area study of cancer incidences near the
Sutton-Coldfield radio and TV towers in the U.K. in-
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within 2 km. But there was a significant decline in

risk with distance for leukemia, and for bladder and
skin cancers [8]. A follow-up study of 20 other broad-
cast sites in U.K. found an excess risk no more than
15excess within 2 km [9].

In a case-control study of males serving in the U.S.
Air Force between 1970-1989 [10], a small increase,
in the RF, age, race, senior military rank-adjusted odds
ratio (OR = 1.39) for brain tumors, was detected. (The
odds ratio is the ratio between the chance of exposure
to a causal agent for individuals with the disease to
the chance for individuals without the disease.) This
result is especially interesting, in view of the negative
finding for a relatively well characterized carcinogen,
ionizing radiation. Exposure of the men to ionizing ra-
diation was reported to have an age, race, senior rank-
adjusted OR of only 0.58.

Recently, a large-cohort mortality study among rel-
atively young employees (a total of 195.775 during
the 1976-1996 period) of Motorola - a manufacturer
of wireless communication products - examined all
major causcs of mortality, with brain cancers, lym-
phomas, and leukemias as outcomes of interest [11].
The study classified workers into high, moderate, low,
and background RF-exposure groups, using job titles.
Using external comparisons, the standardized mor-
tality ratios for RF-exposed workers were 0.53 and
0.54 for central nervous system/brain cancers and all
lymphomas/leukemias. Rate ratios, calculated using
internal comparisons, were about 1.0 for brain can-
cers and below 1.0 for all lymphomas and leukemias.
The findings were consistent across cumulative, peak,
and usual exposure classifications, and did not show
higher risk with increased exposure duration or la-
tency. Although this study is quite recent, it is limited
by the use of a qualitative exposure metric.

To summarize the above epidemiological reports,
the two older studies did not uncover a positive as-
sociation. Among the more recent reports, there arc
nearly equal numbers of studies showing excess and
no-excess cancer mortality. The studies that gave ex-
cess risk had reported relative risks that ranged from
1.4-2.1. Among the latter, the authors of the Sutton-
Coldfield study suggested. after an enlarged study,
that no more than a weak causal implication can be
made. The finding by Grayson [10] was diluted by
a small sample size. The highest risk ratio 2.1. was
associated with a small cluster [6]. The study by Mil-
ham [4] had soldering fumes as a confounding lactor
within the group.

A survey of the mortality rates of portable cellular
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compared to those using car-mounted mobile tele-
phones |12]. Since the use of cellular telephones is
a very recent event, and a large increase in mortality
rates over the short term is a rare phenomenon, a dif-
ference is not expected from this preliminary study.

Nevertheless, there have been a few published case-
control studics of cellular telephone users and the risk
of brain tumors. A study from Sweden did not show
any overall increase in brain tumors, as compared
to nonuscrs of cellular or mobile telephones between
1994-1996 [13]. However, there appeared to be a ten-
dency toward greater likelihood (statistically not sig-
nificant) to develop brain tumors on the side of the
head where the phone is held - laterality. The authors
have stated that their results were based on small num-
bers of cases, and must be interpreted with caution.
Their cases and controls were 209 and 425, respec-
tively. The results would be more reliable if the num-
bers are circa 1500 in these studies. (The incidences
of brain and central nervous systern cancers are about
6 per year per 100,000 population in the U.S.).

Most recently, two case-control studies, conducted
between 1994 and 1998 in the U.S. medical centers,
have been reported [14, 15]. Neither showced an over-
all increase of risks of brain cancer comparcd by use
of cellular telephones, in durations of use or in cu-
mulative hours of use, except for the uncommon neu-
roepitheliomatous cancers had an OR of 2.1 [14]. It
is noteworthy that cerebral tumors were reported to
occurred more frequently, although not statistically
significant, on the same side of the head where cel-
lular telephones had been used. A total of 469 men
and women aged with primary brain cancer and 422
matched controls without brain cancer were enrolled
from five medical centers. Neuroepitheliomatous can-
cers are a rare type of neuronal cell tumors, for cxam-
ple, gangliogliomas. . The other study had enrolled
782 patients through several hospitals; 489 had histo-
logically confirmed glioma, 197 had meningioma, and
96 had acoustic neuroma [15]. The 799 controls were
paticnts admitted to the same hospitals as the patients
with brain tumors for a variety of nonmalignant con-
ditions. Results of this study suggest that there was a
non-significant trend for cancers o be on the side of
the head where the patients reported using their cellu-
lar telephones. It is interesting to note that the relative
risks associated with using a cellular telephone were
marginally depressed (RR = 0.7) for meningioma and
slightly elevated (RR =1.4) for acoustic neuroma al-
though not statistically significant. Acoustic neuro-
mas are benign tumors attached to the auditory nerve
and are often presented with tinnitus and hearing loss.

These results are encouraging in that they imply use
of cellular telephones does not cause brain tumors in
the short term. 1t may be possible to view these re-
sults as failing to indicate an excess of cancer mor-
tality from RF exposure. However, it is important
to recognize that the epidemiological understanding
of effects of human exposure to RF radiation is still
evolving, espectally for cellular telephones and wire-
less personal communication devices. These investi-
gations do not evaluate the risks in the long run or for
cancers with longer latency periods of induction, es-
pecially for slow-growing tumors. They suggest that
further studies are needed to account for acoustic neu-
romas and for the twofold increase in uncommon neu-
roepitheliomatous cancers among users.

Although not statistically significant. two of the
three case-control studics showed a trend between re-
ported laterality of the cancer with the self-reported
laterality of use of the ccllular telephone. Further-
more, it is fair 1o conclude from the above studies
that they all can benefit from more quantilative mca-
sures of RF exposure and a longer observation period.
These considerations present profound uncertainties
in their use for risk analysis. It is noted that some
efforts are being taken to expanded the current under-
standing of wireless telephone radiation and human
health. 1In particular, a large-scalc epidemiological
study 1s underway in Europe, as part of a wide-ranging
research effort on health effects of wireless telephone
use.
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