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RERF Technical Report Series

Technical reports are the basic medium for reporting of original research
carried out at the Radiation Effects Research Foundation. Reports in this
series receive both internal and external peer review and may serve as
the basis for publication in the open scientific literature, in part or in toto.
Although they may be qubted and cited, these reports are considered to be
internal publications of the Foundation. Copies are available upon request
from: Editorial Office, RERF, 5-2 Hijiyama Park, Minami-ku, Hiroshima,
732 Japan.

Beginning in 1989, the RERF Technical Report Series is no longer being
published in the traditional Japanese-English bilingual format. However,
major reports continue to be available in both languages as separate
publications. Selected reports of a highly specialized nature, for which
there is presumably less general interest, are produt:ed only in English
with an extended Japanese summary.

In this way, the Foundation will be able to more ekpeditious!y report
recent findings on the late biological effects of exposure of man to ionizing
radiation resulting from the atomic bombings of Hiroshima and Nagasaki.
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Summary

Associations of smoking habit with serum levels of total protein as well as
protein fractions were studied in a population consisting of 4,739 atomic bomb
survivors and unexposed control subjects in Hiroshima who participated in the

1979-81 period of the Adult Health Study, an on-going health follow-up program
of the RERF.

Smoking was strongly related to serum protein concentration after correction
for age, sex, and body mass index. Among current smokers as compared to
nonsmokers,levels of total protein, # globulin, and v globulin were significantly
lower (p<0.001), and levels of oy and «, globulin were significantly higher
(p<0.001). For serum albumin levels, a decrease was also noted but it
failed to attain statistical significance. Exsmokers were indistinguishable from
nonsmokers in terms of the serum protein levels analyzed in this paper. With
an increase in daily cigarette consumption, monotonic increases of serum levels
were observed only in «; globulin. Duration of smoking (years) was related
to increased «; and s globulin. Smoking duration was also associated with
albumin level but the trend was not monotonic. The radiation exposure effect on
serum protein level was significant in several instances but was in general much
smaller than the smoking effect. Its inclusion in the regression models did not
noticeably affect the association between smoking and serum proteins.

Introduction

Smoking habits have been reported to affect the levels of some serum proteins.
Dales et al' reported that smokers had lower serum albumin and creatinine
than nonsmokers in a study of 67,000 men and women aged 15 to 79 in the

Fan) || Japanese text will be available separately.
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San Francisco Bay area. Das? observed higher levels of C-reactive protein in
smokers, possibly indicative of inflammation. The objective of this study was
to examine the effect of cigarette smoking on serum proteins, both total protein
and protein fractions, using the data obtained in a medical follow-up program
of atomic bomb survivors in Hiroshima and Nagasaki. Knowledge of smoking
effects on blood chemistries, including serum proteins, will contribute to a better
understanding of the results obtained from studies in the field of biochemical
epidemiology. Herein, we report results of a regression analysis of the association
between smoking habits and the levels of serum proteins.

Materials and Methods

Since 1958, a program of biennial medical examinations, the Adult Health
Study (AHS), has been implemented on a cohort of 20,000 Hiroshima and
Nagasaki atomic bomb survivors at the clinics of RERF. During the period
1979-81, serum chemistry data including blood protein were collected for 5,198
or 75% of the approximately 7,000 participants in Hiroshima. Total serum
protein values were obtained using the biuret reaction method. The constituent
protein fractions—albumin, «,, (1, £, and v globulin—of the total protein were
obtained using cellulose acetate electrophoresis (with a Joko M-1 densitometer).
In Nagasaki, an assessment of total protein levels was also performed, but only
for a small fraction of the AHS subjects was the total protein separated into
constituent proteins, and the method used for this division differed from that
used in Hiroshima. Therefore, only Hiroshima data was used in this analysis.

As the source of smoking data, a 1978-80 mail survey was used for 3,507
subjects. For 1,232 of the remaining 1,691 subjects, the smoking information
was obtained from records of interviews conducted during the 1968-70 period of
the routine clinical AHS examination at RERF. Smoking data was not available
for 459 subjects, so they were not included in the analysis presented here.
For smokers identified by these two survey methods, additional data originally
compiled by Kopecky et al® from interview surveys in 1963-64 and 1964-68 was
used as the source of information on the age that smoking commenced, since
smoking duration had not been asked of current smokers in either the 1978-80
mail survey or the 1968-70 interview. In total, smoking duration data were
available for 4,739 of the participants whose serum total protein levels were
determined. Additional data used in the analysis included AHS examination
diagnosis data collected and listed by ICD 9th code in AHS computer files and
estimated radiation exposure.*®

Statistical analysis of the data was conducted as follows: Age at examination,
sex, body mass index (BMI), and estimated radiation exposure (kerma) were
treated as covariates in separate least squares regression analyses of each of the
serum protein measurements against smoking levels. The BMI values (defined as
weight in kilograms divided by height in squared meters) were divided into five
factor levels, according to whether an individual’s BMI value was less than 18,
18-21, 21-24, 24-27, or greater than 27 kg/m?. The age-at-examination variable
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was grouped into 10-year intervals, while the estimated radiation dose was coded
as 0 for the low (0-1.0 Gy) dose level, and 1 for the high (1+ Gy) levels. The linear
regression model used is the following;

SERUM PROTEIN = MAIN EFFECT + AGE AND SEX EFFECTS
+ RADIATION EFFECT + BMI EFFECT + SMOKING EFFECT + ERROR.

Besides allowing for the estimation of main effects of each of the covariates,
interaction between age and sex was included so that the separate sexes were
permitted to have distinct age trends for each of the serum proteins.

Smoking information was incorporated into the analysis in three distinct
stages. First, the population was divided into “never-smoker,” “current-smoker,”
and “exsmoker,” and levels of two different indicator variables (one for smoking
and one for exsmoking) were accordingly assigned. These variables were entered
simultaneously with the other covariates to test if either current or exsmokers
differed significantly from nonsmokers. Next, a smoking amount variable (coded
into 0, 1-29, and 20+ cigarettes/day) was added to ascertain whether significant
trends in the blood proteins were related to smoking amount; in this data set very
few females reported smoking levels of 20 or more cigarettes/day (as observed in
a general Japanese population), so that only males were used in this analysis.
Out of 1,604 Hiroshima males, 322 exsmokers were dropped from this part of
the analysis, so 1,282 subjects remained. Finally, smoking duration was coded
as less than 20, 20-29, 30-39, or 40 or more years at the time of the examination
and was entered into the analysis. A total of 4,260 cases with data available
from 1963-68 was used in this analysis, including both males and females, but
as indicated above exsmokers were excluded.

Results

The shape of distribution of total serum protein concentration as well as that
of all the protein fractions analyzed here approximated normal and, therefore,
required no transformation. Table 1 gives the means and standard deviations
by age and sex for the serum protein data. Certain general trends by age are
evident in Table 1 with, in particular, albumin and g globulin showing decreases
with advancing age in both sexes, while a, globulin increases. Sex differences
and age trends are both accommodated in the regression model described above,
so that such trends are not confounded with the smoking results deseribed below.

The parameter estimates in Table 2 are given in the form of comparisons of
protein levels of current and exsmokers with the values for nonsmokers. Com-
pared to those who had never smoked, current smokers showed highly significant
reductions in total protein, 8 globulin, v globulin, and highly significant increases
in a; and a4 globulins. Current smokers showed decreased serum albumin
levels, although the result was not statistically significant. Exsmokers, however,
appeared to be indistinguishable from the never-smokers in levels of all the
constituent proteins. There was no sex difference in the effect of smoking on
serum proteins evident in Table 2.
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Table 1. Means and standard deviations of blood protein

Age at examination

<50 50-59 60-69 70-79 80-89 Total

Hiroshima males
Number 382 484 347 290 101 1604

Total protein  69.69%* 69.07 6852 6762 6591 68.64
5.03%% 514  4.73 4.86 497 512

Albumin 45.80 4423 43.09 41.52 39.97 43.60
3.69 3.31 2.99 3.23 3.67  3.95
vy Globulin 2.65 2.65 2.63 2.64 259 264
0.55 0.48 0.50 0.51 0.46  0.50
ap Globulin 5.95 6.09 6.20 6.18 6.14 6.10
1.01 098 113 1.06 116 1.07
3 Globulin 6.17 6.20 6.16 6.04 5.91 6.14
0.94 1.18 0.98 1.05 130 1.10
v Globulin 8.92 9.73 1026 1112 1114 9.99
2.46 3.07 3.10 3.97 317 3.30

Hiroshima females
Number 602 1162 742 488 141 3135

Total protein  68.87* 69.72 6894 67.63 66.93 68.92
4.58%* 4.86 4.47 4.71 5.01 4.84

Albumin 43.51 43.73 4293 41.71 4051 43.04
2.85 3.20 3.03 3.00 3.06 3.26
«y Globulin 2.46 2.54 2.61 2.60 2.65 2.565
0.48 047 048 047 045  0.47
ay Globulin 5.86 6.24 640 648 6.44  6.25
0.93 096 1.01 1.03 091 0.99
£ Globulin 6.26 6.28 6.27 6.19 6.08 6.25
1.00 098 092 095 090 0.95
+ Globulin 10.59 10.75 1055 1048 11.08 10.65
2.49 282 261 294 328 285
*Means

**Standard deviations

Units of serum proteins are g/L.
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Table 2. Smoking habit and serum protein concentration

Smokers Exsmokers
Estimate SE Estimate SE

Total protein

Males —1.27* 0.35 —0.40 0.42

Females —0.94%* 0.26 —0.20 0.47
Albumin

Males —0.46 0.24 —-0.18 0.28

Females —0.06 0.17 0.05 0.32
a1 Globulin

Males 0.16%* 0.04 —0.01 0.04

Females 0.15%* 0.03 0.00 0.05
- Globulin

Males 0.23%* 0.07 —0.03 0.09

Females 0.21%* 0.05 —0.03 0.10
/1 Globulin

Males —0.25%+ 0.07 —0.08 0.07

Females —0.283%%* 0.05 0.02 0.10
v Globulin

Males —0.98%* 0.21 -0.11 0.25

Females —0.99%* 0.16 —0.24 0.29

Parameter estimates show the estimated average differences in protein levels of smokers
and exsmokers compared to nonsmokers. Units are in g/L.

*Smoking effect significant at p<0.01
**Smoking effect significant at p<0.001

After excluding the exsmokers, daily cigarette consumption (current smoking
amount) was included in the regression models. There was a statistically
significant trend in the smoking effect for one of the constituent proteins, ay
globulin (Table 3). Also observed were apparent increases of serum levels of a,
globulin, and v and 2 globulin with increased smoking dose rate, but the observed
trends were not statistically significant. Of the constituents, only for albumin did
the dose rate of cigarette smoking not seem to affect the protein level.

Approximately 10% of the Hiroshima subjects examined in 1979-81 were listed
as having been diagnosed with inflammation, with almost half of the cases
being respiratory in nature (ICD 9th codes 460-487, 490 or 491). In order to
assess whether the results reported here for o; and o, globulin are reflective of
inflammation, the regression analysis reported in Table 3 was repeated after
including an indicator variable for the presence of any inflammatory disease
reported at the time of the 1979-81 examination. This variable was related to
significant increases in «; globulin, with the estimate of the increase caused by
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inflammation equal to 0.07 g/L. However, the strength of the smoking results
didn’t change significantly after the addition of inflammatory disease as a
predictor variable for either «; or ay globulin.

Table 3. Serum protein levels and amount of daily cigarette
consumption, males only

Cigarettes per day

1-19 20+
Estimate SE Estimate SE p for trend*
Total protein —1.32 0.41 —1.30 0.38 09
Albumin —0.53 0.29 —0.44 0.27 0.7
a1 Globulin 0.11 0.04 018  0.04 0.03
oy Globulin 0.21 0.09 0.32 0.08 0.10
# Globulin —0.25 0.09 —0.28 0.08 0.7
~ Globulin —0.82 0.26 —1.09 0.25 017

Regression estimates and their standard errors give the estimated average difference
in protein level between the smoking groups and the comparison group of nonsmokers.
Units of serum proteins are in g/L.

*The p-values given are for tests of trend among the smokers in smoking amount for
cach of the serum proteins.

Smoking duration was a significant predictor of protein amount for three of
the constituent proteins (Table 4). There was a significant nonmonotonic trend in
albumin level with smoking duration. Smokers who had smoked for less than 20
years showed increased levels of albumin when compared with nonsmokers, but
those who smoked for more than 30 years showed a significant decrease. Both
o, and a, globulin levels significantly increased as smoking duration increased.

When estimated A-bomb radiation exposure was considered as a predictor
variable in the models for the serum chemistries, positive dose trends were
detected both in total protein and in the constituents a, a2, and g globulin.
These dose-related results have been reported previously.® Except for 4 globulin,
there was no indication that the radiation dose effect modified the smoking effect
(the smoking and dose effects appeared to be additive). Even for 8 globulin,
where a significant negative interaction between radiation dose and smoking was
identified, the smoking effect was much greater than the effects for dose, and the
smoking results were essentially unchanged whether or not estimated radiation
dose was included as an explanatory variable in the model.
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Table 4. Serum protein level and duration of smoking and serum

Duration in years

<20 20-39 30-49 40 p for trend*

Total protein  estimate —0.09 —1.23 —1.03 —1.24

SE 0.41 0.34 0.32 0.36 0.7
Albumin estimate 060 —-0.02 -058 —0.76

SE 0.27 0.23 0.21 0.24 0.0001
a1 Globulin estimate 0.10 0.11 0.21 0.19

SE 0.04 0.03 0.03 0.04 0.03
oy Globulin  estimate —0.05 0.20 0.39 0.35

SE 0.09 0.07 0.07 0.08 0.0003
A Globulin estimate —0.27 -024 —0.29 —0.16

SE 0.08 0.07 0.07 0.07 0.4
+ Globulin estimate —-1.28 -1.23 -0.72 —-0.90

SE 0.25 0.20 0.19 0.22 0.10

Estimates of smoking duration effect for smokers after excluding exsmokers give
the estimated average difference in protein level between the smoking groups and
the comparison group of nonsmokers. Units of estimates {(as well as scrum protein
concentrations) are in g/L.

*The p-values given are for tests of trend among the smokers in smoking duration for
each of the serum proteins.

Discussion

Highly statistically significant relationships between blood protein levels and
smoking were evident in the AHS protein data. Serum levels in smokers differed
by about 1%-7% from levels in nonsmokers, depending upon which constituent
protein is considered. In current smokers, a; and o globulin were observed to be
monotonically increased with a higher amount of daily cigarette consumption or
with a longer duration of smoking. On the other hand, total protein, # globulin
and v globulin levels decreased in nonsmokers. Levels in exsmokers were not
significantly different from those in nonsmokers for any constituent protein.
This observation suggests that the effect of smoking on serum protein fractions
disappeared within a relatively short period after the subjects stopped smoking.
As much as a10-year difference between the dates of current smoking information
and serum protein determination exists for one fourth of this population, which
represents a limitation of the study. However, excluding those data did not
significantly change our results.

For albumin, there was a nonmonotonic trend in duration with short-term
smokers showing increases in albumin values and long-term smokers showing
significant decreases. The findings for albumin are thus not entirely consistent
with Dales et al,! who reported decreases in albumin level for smokers.
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Increases in a; and a, globulins are consistent with the finding of Das® that
C-reactive protein levels are higher among smokers. Although the association
was observed even among those subjects without clinically evident inflammatory
disease, we cannot deny the possibility of an involvement of subclinical inflam-
matory conditions in the observed increases of those protein fractions in smokers.

Epidemioclogical studies of diseases including cancer based on stored serum
samples have the advantage of avoiding biases of subject recall. This so-called
biochemical epidemiology”® poses a new problem in serum chemistry: a possible
relationship between serum chemistry measurements and known risk factors
of disease. While questionnaire-based epidemiological studies rarely include
biological measurements, biochemical epidemiological studies often cannot con-
sider subject characteristics such as personal habits since questionnaires are not
always administered. The kinds of smoking-serum chemistry associations re-
ported here almost certainly ensure that smoking will confound serum chemistry-
disease associations unless information about smoking behavior is obtained and
considered in data analysis. On the other hand, for a given disease, increased
disease incidence may result from the fact that serum chemistries are altered;
smoking behavior would seem to have the potential to seriously distort an
investigator’s evaluation of epidemiological relationships to disease occurrence.

In summary, smoking was negatively associated with levels of total protein,
B globulin, and v globulin, and were positively related to levels of «; and oy
globulins. For serum albumin, a nonmonotonic trend with smoking duration was
observed.
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