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Abstract
Objectives: The purpose of our study was to assess the risk of cardiovascular disease (CVD) mortality in a Canadian cohort of 337 397 individuals (169 256 men and 168 141 women) occupationally exposed to ionizing radiation and included in
the National Dose Registry (NDR) of Canada. Material and Methods: Exposure to high doses of ionizing radiation, such
as those received during radiotherapy, leads to increased risk of cardiovascular diseases. The emerging evidence of excess
risk of CVDs after exposure to doses well below those previously considered as safe warrants epidemiological studies of
populations exposed to low levels of ionizing radiation. In the present study, the cohort consisted of employees at nuclear
power stations (nuclear workers) as well as medical, dental and industrial workers. The mean whole body radiation dose
was 8.6 mSv for men and 1.2 mSv for women. Results: During the study period (1951–1995), as many as 3 533 deaths from
cardiovascular diseases have been identified (3 018 among men and 515 among women). In the cohort, CVD mortality
was significantly lower than in the general population of Canada. The cohort showed a significant dose response both
among men and women. Risk estimates of CVD mortality in the NDR cohort, when expressed as excess relative risk per
unit dose, were higher than those in most other occupational cohorts and higher than in the studies of Japanese atomic
bomb survivors. Conclusions: The study has demonstrated a strong positive association between radiation dose and the
risk of CVD mortality. Caution needs to be exercised when interpreting these results, due to the potential bias introduced
by dosimetry uncertainties, the possible record linkage errors, and especially by the lack of adjustment for non-radiation
risk factors.
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INTRODUCTION
Extensive research into diseases of the cardiovascular system, a major cause of mortality and morbidity in
both industrialized and developing countries, has identified multiple risk factors for these diseases [1–2]. It has
long been known from experimental animal studies and

epidemiological studies of radiotherapy patients that ionizing radiation exposure at doses in the order of tens of Gy
increases the risk of cardiovascular diseases [3–6]. More
recently, the study of Japanese atomic bomb survivors
provided evidence that the excess risk of cardiovascular
diseases (CVDs) can be associated with doses below 4 Gy
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[7–9]. In A-bomb survivors, the association between radiation and the risk of CVDs is likely to be causal as it cannot be explained by confounding, selection bias, or disease
misclassification on death certificates [4]. Epidemiologic
studies of CVDs in populations exposed to lower levels
of ionizing radiation, such as those in occupational settings, do not provide conclusive evidence of a radiationrelated risk of these diseases, and further research is
needed to characterize the possible risk at low radiation
doses [10–11]. An earlier analysis within a cohort study of
the National Dose Registry (NDR) of Canada [12] showed
a statistically significant positive excess relative risk (ERR)
of 2.3 and 90% confidence interval (90% CI: 0.9–3.7) for
CVD mortality among 105 456 male cohort members exposed to ionizing radiation between 1951 and 1983. This
paper presents the results of analysis of CVD mortality in
an updated cohort (169 256 males, 168 141 females) with
exposures between 1951 and 1995.
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Record Linkage
A probabilistic generalized record linkage system developed by the Statistics Canada was used to link records in
the NDR with the CMDB [15–17]. The linkage methodo
logy has been described comprehensively elsewhere [12].

METHODS

Dosimetry
A description of the external dosimetry used among the
contributors to the NDR has been provided by Ashmore
et al. [12]. The dosimeters used, monitoring frequencies,
and reporting thresholds have varied throughout the study
period as previously described [12,18]. External whole
body doses could include exposures to X rays, γ rays, β
particles, and neutrons. The quality factors applied to
these exposures for dose assessment in the NDR cohort
were 1, 1, 1 and 10, respectively. Internal exposures to tritium, found mainly among nuclear workers, were determined from measurement of urinary levels. In this study,
the whole body dose estimates included the contribution
from tritium, but excluded that from neutrons or from other radionuclides as they were considered negligible [12].

Data Sources
The NDR of Canada is described in detail elsewhere
[12–13]. Briefly, the database is maintained by the Radiation Protection Bureau of the Government of Canada and contains basic identifying information and records
of radiation exposures for all workers monitored in Canada since 1951. Reports of radiation exposure are routinely
received from the Canadian National Dosimetry Services,
commercial dosimetry services, Atomic Energy of Canada Limited (AECL), nuclear power generating facilities
as well as mining operations. During the study period
between January 1, 1951, and December 31, 1995, there
were 438 373 subjects registered in the NDR. Vital status
and causes of death were determined via probabilistic linkage to the Canadian Mortality Database (CMDB). This
database records all deaths in Canada since 1950. Causes
of death were re-coded according to the International
Classification of Diseases, ninth revision (ICD-9) [14].
The analysis included all cardiovascular diseases: ICD-9
codes 390-459. Vital status was confirmed by linkage to
tax records.

Statistical Analysis
Occupational categories were defined based on the job
class codes in the NDR. Employees at nuclear power stations constituted the nuclear workers category. The dental
workers category included dental assistants, hygienists and
dentists. Physicians, radiologists, radiology and nuclear
medicine technicians, radiotherapists, nurses and orderlies were assigned to the medical workers category. The
industrial workers category contained a range of occupations: industrial radiographers, engineers, university and
government employees, AECL employees, and veterinarians and veterinary assistants. In the first mortality analysis
of the NDR cohort, six categories of the socio-economic
status (SES) based on job type were defined: professional,
intermediate, skilled non-manual, skilled manual, partly
skilled and unskilled. Standardized mortality ratios were
calculated to compare CVD mortality in the NDR cohort
and in the general population of Canada. Age, gender,
calendar year and cause-specific ratios were determined,
and confidence intervals were calculated assuming the
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observed number of deaths exhibited a Poisson distribution [19]. Poisson regression techniques were used to estimate hazard rates and the effect of radiation exposure
on these rates. Excess relative risk (ERR) was modeled
assuming a linear dose response function:
λ(s,a,b,j,e,d) = λo(s,a,b,j) × [1.0+ERR×d×exp(Σγi zi)] (1)
where λo was the baseline hazard rate that was assumed to
depend on sex (s) and attained age (a), year of birth (b),
and occupational category (j); λ(s, a, b, j, e, d) was the rate
at the cumulative lagged dose (d), and ERR was the excess
relative risk with potential multiplicative modifying effects
(zi) of age at exposure (e), sex (s) and attained age (a). The
model for excess absolute risk (EAR) was a follows:
λ(s,a,b,j,e,d) = λo(s,a,b,j)+EAR(s,a,e,d)

(2)

where λo was the baseline hazard rate adjusted for sex (s),
attained age (a), year of birth (b) and occupational category
(j). EAR (d,e,s,a) was the absolute change between the rate
associated with cumulative lagged dose (d) and the rate associated with zero dose. Age at exposure (e), sex (s) and attained age (a) were included as potential effect modifiers.
The EPICURE software [20] was used to estimate the
study parameters and carry out significance testing. Significance tests were based on Χ2 approximations to the distribution of likelihood ratio tests. In the cases where a likelihood required an ERR below the minimum value of 1/Dmax
(Dmax = maximum dose for individual cell), no convergence was obtained [18]. Doses were lagged 10 years.
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The relationships between the measured external dose
of ionizing radiation and the relative risk for different causes of death were also investigated by trend
analysis, with the doses subdivided into nine dose categories (0, 0–4.9, 5–9.9, 10–19.9, 20–49.9, 50–99.9,
100–199.9, 200–399.9, > 400 mSv). The significance of the
trend was tested using ERR fit [19].
RESULTS
Of the 438 373 subjects registered in the NDR as of December 31, 1995, as much as 23% were excluded from the
analysis. The reasons for exclusion were insufficient identifying information for record linkage and missing information on gender or year of birth. Also, miners were excluded
because the radiation exposure records based on personal
dosimeters were only available since 1980. Of the 337 397
subjects retained in the analysis, 10 888 were linked with
the CMDB. The number of deaths from CVDs was 3 533
(3 018 among males and 515 among females). Table 1
shows the characteristics of the cohort (n = 337, 397).
Almost 50% of the cohort were females and the mean duration of follow-up was 15 years. The mean duration for
males was 16.5 years. The mean age at death was 58.5 for
males and 52.5 for females.
A distribution of cumulative whole body doses received
by the cohort members is provided in Table 2. Twelve
percent and three percent of males and females, respectively, received more than 10 mSv during the followup period. The mean age at first exposure was 30 years
for males and 26 years for females and the mean age at
which monitoring ended was 46.6 and 41 years for males
and females, respectively (Table 1). The CVD mortality

Table 1. Characteristics of the National Dose Registry cohort (1951–1995)
Characteristics
Sex

Males

Females

Total

n

%

n

%

n

%

169 256.00

50.2

168 141.00

49.8

337 397.00

100.0

Mean duration of follow-up (years)

16.50

–

15.00

–

15.80

–

Mean age at death (years)

58.50

–

52.50

–

55.50

–

Mean age at onset of monitored exposure (years)

30.10

–

26.00

–

28.00

–

Mean age at end of monitored exposure (years)

46.60

–

41.00

–

43.80

–

8.55

–

1.22

–

4.90

–

Mean cumulative dose (mSv)
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Table 2. Distribution of subjects and deaths from CVDs, by whole body cumulative dose in the NDR cohort (1951–1995)
Male
Dose (mSv)

Female

No. persons

No. deaths from
CVDsa

0

71 434

0–4.9

No. persons

No. persons

No. deaths from
CVDsa

1 437

101 712

288

173 146

1 725

68 564

883

57 790

156

126 354

1 039

5–9.9

8 311

156

4 220

30

12 531

186

10–19.9

7 164

148

2 541

17

9 705

165

20–49.9

6 800

166

1 419

14

8 219

180

50–99.9

3 499

102

362

5

3 861

107

100–199.9

2 175

58

75

5

2 250

63

200–399.9

1 021

46

15

–

1 036

46

288

22

7

–

295

22

169 256

3 018

168 141

337 397

3 533

≥ 400
Total
a

515

Cardiovascular diseases as the cause of death comprise ICD-9 codes 390 – 459.

in the cohort was significantly lower than in the Canadian
population at large, with the standardized mortality ratio
(SMR) of 0.59 (90% CI: 0.57, 0.61) for males and of 0.50
(90% CI: 0.46, 0.54) for females. In comparison with the
general population, the cohort exhibited a healthy worker
effect with respect to CVDs.
Relative Risks (RRs) of cardiovascular diseases by
dose category are presented in Fig. 1 and Table 3, and
the ERR, EAR and attributable risk (AR) are shown
in Table 4. A significant dose response is evident in the
ERR for men and women (1.22, 90% CI: 0.47, 2.10
and 7.4; 90% CI: 0.95, 18.1, respectively). The excess
absolute risk for the whole cohort was 37.5 per Sievert
per 10 000 person-years (90% CI: 17.0, 60.1).
DISCUSSION
The present analysis of CVD mortality in the NDR cohort has
been conducted based on extended cohort (by about 130 000
individuals) and follow-up (by 8 years) compared to our
previous mortality study [12]. The extensions have almost
doubled the number of deaths from CVDs available for the
analysis. As in our previous study and many other studies
of occupational cohorts, a strong healthy worker effect has
been detected, with the mortality in the NDR cohort being
about 40% and 50% lower than that in the general Canadian population, respectively for the male and female cohort
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Total

No. deaths from
CVDsa
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members. The study confirms our previous finding of a significant association between radiation exposure and CVD
mortality in men [12]. For women, the previously observed
association [12] has become statistically significant. Owing
to the smaller number of deaths among women in the higher
dose categories, compared to men (Table 2), the ERR/Sv for
women has a wider confidence interval.
The considerations of the strengths and limitations of this
study are important for the interpretation of results. The
strength of the study is that it provides direct estimates
of health risks from long-term low-level radiation exposure which are based on the largest national cohort of radiation workers (nearly 340 000 individuals) with a long
follow-up of mortality (up to 45 years) and dose estimates
based on individual monitoring.
The major limitation of this study, as in most other occupational studies, is the absence of information on
non-radiation lifestyle-related CVD risk factors, such
as smoking, excessive alcohol consumption, diet, and
other factors. The lack of adjustment for these factors in
the dose-response analysis may lead to confounding if they
positively correlate with radiation dose. This may be the
case, at least in part, for smoking in the NDR cohort [18].
To adjust for the potential confounding effect of non-radiation risk factors, SES variable could be used as surrogate.
Research studies have shown that mortality from various
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Table 4. Excess Relative Risk (ERR), Excess Absolute Risk
(EAR), and Attributable Risk (AR) in the NDR cohort
(1951–1995)
Sex
Males

ERR/Sva
(90% CIb)

EAR/Sv/10000 PYc AR0.01Gyd (%)
(90% CI)
(90% CI)

1.22 ( 0.47, 2.10) 37.6 (15.0, 62.5)

8.84 (3.65, 14.2)

Females 7.37 ( 0.95, 18.1) 59.1 (8.33, 129.2) 24.5 (4.08, 43.7)
Both

1.35 (0.59, 2.24) 37.5 (17.0, 60.1)

9.46 (4.42, 14.7)

Fig. 1. Odds ratios for CVD mortality and 90% confidence
intervals by dose category (as in Table 2) in the NDR cohort
(1951–1995).

ERR/Sv, excess relative risk per Sievert, adjusted for sex, age, job type,
calendar year and time since first exposure.
b
CI, confidence interval
c
EAR/Sv/10,000PY, excess attributable risk per Sievert per 10 000 person-years of follow-up.
d
AR, attributable risk, percentage for a dose of 0.01 Gy.

diseases is a function of SES [21]. However, SES information was available only for a half of the cohort members; consequently, it was not used in the present analysis.
In view of this, the strong association between radiation
exposure and CVD risk demonstrated in the NDR cohort
should be interpreted with caution. Indeed, the risk estimates in our study are higher than those in most other
occupational cohorts [10–11] and in the Japanese atomic

bomb survivors. Preston et al. [9] reported an ERR/Sv
of 0.17 for heart disease (90% CI: 0.08, 0.26) and 0.12 for
stroke (90% CI: 0.02, 0.22) in the atomic bomb survivors.
These estimates are substantially lower and statistically incompatible with the ERR/Sv of 1.35 (90% CI: 0.59, 2.24)
calculated in our study.
In the international 15-country study of radiation workers, there is little evidence for an association between

a

Table 3. Relative Risk (RR) of CVD mortality by dose category in the NDR cohort (1951–1995)
Sex
Males

Dose category
(mSv)

Mean dose (mSv)
Observed deaths
Expected deaths
Fitted
Observed RR
Fitted RR
Females Mean dose
Observed
Expected
Fitted
Observed RR
Fitted RR
Both
Mean dose
Observed
Expected
Fitted
Observed RR
Fitted RR

0

>0

5–

10–

20–

50–

100–

200–

400–

0.00
1 437.00
1 481.60
1 481.60
1.00
1.00
0.00
288.00
288.40
288.40
1.00
1.00
0.00
1 725.00
1 770.40
1770.40
1.00
1.00

1.10
883.00
877.90
879.20
1.04
1.00
1.10
156.00
165.70
167.00
0.90
1.01
1.10
1 039.00
1 046.80
1 048.40
1.02
1.00

7.20
156.00
139.10
140.30
1.16
1.01
7.00
30.00
21.30
22.40
1.40
1.05
7.10
186.00
161.00
162.50
1.19
1.01

14.20
148.00
130.20
132.50
1.17
1.02
13.80
17.00
12.00
13.20
1.40
1.10
14.10
165.00
142.40
145.20
1.19
1.02

31.80
166.00
157.00
163.10
1.09
1.04
30.00
14.00
10.50
12.90
1.30
1.23
31.40
180.00
167.80
175.00
1.10
1.04

70.50
102.00
83.50
90.60
1.26
1.08
67.20
5.00
3.40
5.10
1.50
1.51
70.20
107.00
86.90
95.10
1.26
1.09

140.20
58.00
52.90
61.90
1.13
1.17
211.10
5.00
2.20
5.90
2.30
2.68
139.90
63.00
54.50
64.80
1.15
1.19

272.50
46.00
33.40
45.10
1.42
1.35
–
–
–
–
–
–
271.80
46.00
33.50
46.40
1.44
1.39

546.50
22.00
14.20
23.70
1.60
1.67
–
–
–
–
–
–
553.80
22.00
14.40
25.10
1.64
1.75
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CVD mortality and radiation dose (ERR/Sv = 0.09,
95% CI: –0.43, 0.70) [22]. A statistically significant association, with ERR/Sv of 0.65 (90% CI: 0.36, 0.98), has recently
been reported in a large cohort of workers at the British
Nuclear Fuels [23]. However, the authors concluded that
their results were not consistent with a simple causal interpretation and that further studies were required, including
investigation of the possible role of the factors associated
with the socio-economic status.
The other potential sources of bias in our study are dosimetry uncertainties and the possible record linkage
errors. The dosimetry system used in the NDR met the
quality criteria when assessed by the dosimetry committee of the international collaborative IARC study
[24–25]. Of concern in the NDR study are the uncertainties related to recording doses below the dosimeter
detection limit as zero. This may lead to an underestimation of radiation exposure and, consequently, to an
overestimation of the related health risks. To address
this concern, a study was conducted by Shin et al. [26],
which indicated that this type of dose error is unlikely
to result in an overestimation of risk by more than 15–
20%. The findings of the theoretical study by Krewski
et al. [27] suggest that record linkage errors can introduce
bias into the estimates of SMR and relative risk regression
coefficient, as well as an additional uncertainty into these
estimates. Methods are to be developed to determine the
direction and magnitude of this bias and to account for
linkage errors in the statistical analyses of actual data.
A considerable proportion (23%) of subjects registered in
the NDR over the study period (1951–1995) was excluded
from the analysis. We do not believe, however, that this
exclusion could bias the results because the reasons for
exclusion were unrelated to the study outcome.
In the future, we are planning to conduct a study of CVD
mortality in a cohort of more than 550 000 individuals registered in the NDR between 1951 and 2005, with a mortality follow-up extended through 2005. These extensions
will result in a much larger number of cases available for
the analysis and will allow us to conduct separate analyses
of mortality from different groups of diseases within the
broad category of cardiovascular diseases.
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CONCLUSION
The present study provides direct estimates of the risk of
cardiovascular diseases from long-term low-level radiation
exposure which are based on the largest national cohort
of radiation workers with a long-term mortality follow-up
and individual dosimetry. The study has demonstrated
a strong positive association between radiation dose and
the risk of CVD mortality. Caution needs to be exercised
in interpreting these results, due to the potential bias introduced by dosimetry uncertainties, potential record
linkage errors, and, especially, by the lack of adjustment
for non-radiation risk factors.
ACKNOWLEDGEMENTS
D. Krewski is the NSERC/SSHRC/McLaughlin Chair in Population Health Risk Assessment at the University of Ottawa. In addition to the resources provided by Health Canada, financial support
from Statistics Canada is gratefully acknowledged. This work was
supported in part by grant from the Canadian Institutes of Health
Research. The cooperation of the provincial and territorial vital
statistics and cancer registries that supply data to Statistics Canada is also gratefully acknowledged. The authors wish to thank W.N.
Sont, Head of the National Dose Registry, for his comments on
the draft manuscript. The authors would like to thank D. Zuccarini
and M. Fair for their assistance in conducting the record linkage.

REFERENCES

1. Labarthe DR. Epidemiology and prevention of cardiovascular
diseases. A global challenge. Gaithersburg, Maryland: Aspen
Publishers; 1998.
2. Marmot M; Elliot PE. Coronary Heart Disease Epidemiology.
From aetiology to public health. New York: Oxford University
Press; 2005.
3. Boice JD Jr. An affair of the heart. J Natl Cancer
Inst 2007;99(3):186–7.
4. Mabuchi K. Overview of studies of long-term cardiovascular effects in humans. Radiat Res 2007;167:348–9.
5. Schultz-Hector S, Trott KR. Radiation-induced cardiovascular diseases: is the epidemiologic evidence compatible with the radiobiologic data? Int J Radiat Oncol Biol
Phys 2007;67(1):10–8.

Low-dose ionizing radiation and CVD mortality    

ORIGINAL PAPERS

6. Stewart FA, Hoving S, Kruse JJ. Radiation-induced cardio-

17. Howe GR, Lindsay J. A generalized iterative record linkage

vascular and cerebrovascular effects: animal studies. Radiat

computer system for use in medical follow-up studies. Comput

Res 2007;167:350–1.

Biomed Res 1981;14(4):327–40.

7. Shimizu Y, Kato H, Schull WJ, Hoel DG. Studies of the mor-

18. Zablotska LB, Ashmore JP, Howe GR. Analysis of mor-

tality of A-bomb survivors. 9. Mortality, 1950–1985. Part 3.

tality among Canadian nuclear power industry workers af-

Noncancer mortality based on the revised doses (DS86).

ter chronic low-dose exposure to ionizing radiation. Radiat

Radiat Res 1992;130(2):249–66.

Res 2004;161(6):633–41.

8. Shimizu Y, Pierce DA, Preston DL, Mabuchi K. Stud-

19. Breslow NE, Day NE. Statistical methods in cancer research.

ies of the mortality of atomic bomb survivors. Re-

Volume II — The design and analysis of cohort studies. IARC

port 12. Part II. Noncancer mortality: 1950–1990. Radiat

Scientific Publication No. 82. Lyon, France: International

Res 1999;152(4):374–89.

Agency for Research on Cancer; 1987.

9. Preston DL, Shimizu Y, Pierce DA, Suyama A, Mabuchi K.

20. Preston DL; Lubin JH; Pierce DA. Epicure User’s Guide.

Studies of mortality of atomic bomb survivors. Report 13: Solid

Seattle, Washington: Hirosoft International Corpora-

cancer and noncancer disease mortality: 1950–1997. Radiat

tion; 1993.

Res 2003;160(4):381–407.
10. McGale P, Darby SC. Low doses of ionizing radiation
and circulatory diseases: a systematic review of the published epidemiological evidence. Radiat Res 2005;163(3):
247–57.

21. Feinstein JS. The relationship between socioeconomic
status and health: a review of the literature. Milbank Q 1993;71(2):279–322.
22. Vrijheid M, Cardis E, Ashmore P, Auvinen A, Bae JM,
Engels H, et al. Mortality from diseases other than can-

11. Little MP, Tawn EJ, Tzoulaki I, Wakeford R, Hildebrandt G,

cer following low doses of ionizing radiation: results from

Paris F, et al. A Systematic Review of Epidemiological Asso-

the 15-Country Study of nuclear industry workers. Int J Epi-

ciations between Low and Moderate Doses of Ionizing Ra-

demiol 2007;36(5):1126–35.

diation and Late Cardiovascular Effects, and Their Possible
Mechanisms. Radiat Res 2008;169(1):99–109.
12. Ashmore JP, Krewski D, Zielinski JM, Jiang H, Semenciw R,
Band PR. First analysis of mortality and occupational radiation exposure based on the National Dose Registry of Canada.
Am J Epidemiol 1998;148(6):564–74.
13. Ashmore JP, Krewski D, Zielinski JM. Protocol for a cohort mortality study of occupational radiation exposure
based on the National Dose Registry of Canada. Eur J Cancer 1997;33 Suppl 3:10–21.
14. World Health Organization. International classification
of diseases. Manual of the international statistical clas-

23. McGeoghegan D, Binks K, Gillies M, Jones S, Whaley S.
The non-cancer mortality experience of male workers at British
Nuclear Fuels plc, 1946–2005. Int J Epidemiol 2008;37(3):
506–18.
24. Thierry-Chef I, Pernicka F, Marshall M, Cardis E, Andreo P.
Study of a selection of 10 historical types of dosemeter: variation
of the response to Hp(10) with photon energy and geometry of
exposure. Radiat Prot Dosim 2002;102(2):101–13.
25. Thierry-Chef I, Marshall M, Fix JJ, Bermann F, Gilbert ES,
Hacker C, et al. The 15-Country Collaborative Study of Cancer
Risk among Radiation Workers in the Nuclear Industry: study
of errors in dosimetry. Radiat Res 2007;167(4):380–95.

sification of diseases, injuries, and causes of death. Ninth

26. Shin H, Ramsay T, Krewski D, Zielinski JM. The effect

revision. Geneva, Switzerland: World Health Organiza-

of censoring on cancer risk estimates based on the Canadian

tion; 1977.

National Dose Registry of occupational radiation exposure.

15. Fair ME. Record linkage in the National Dose Registry of Canada. Eur J Cancer 1997;33 Suppl:37–43.

J Expo Anal Environ Epidemiol 2005;15(5):398–406.
27. Krewski D, Dewanji A, Wang Y, Bartlett S, Zielinski JM,

16. Bartlett S, Krewski D, Wang Y. Evaluation of error rates

Mallick R. The effect of record linkage errors on risk esti-

in large scale computerized record linkage studies. Surv Meth-

mates in cohort mortality studies. Surv Methodol 2005;31(1):

odol 1993;19:3–12.

13–21.

IJOMEH 2009;22(1)

33

