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ABSTRACT

Background: Compromised physical fitness and cognitive difficulties have been reported as late effects
of cancer treatment during childhood. To assess this issue, the military rankings of cancer survivors in
medical checkups at call-up, and conscripts’ physical and cognitive performance during the first weeks
of compulsory military education were compared to those of matched population controls without a
history of cancer.

Material and methods: A total of 1680 male patients born between 1960 and 1992 with a malignancy
diagnosed before the age of 16 who were alive at the call-up age (18 years) were identified using the
Finnish Cancer Registry, and five age, sex and place of residence matched controls for each patient
using the Population Register Centre. Data on military service were gathered from Finnish Defense
Forces. A conditional logistic regression analysis, the GEE-method with the cumulative logit link func-
tion, the chi-square test, the chi-square test for trend and a one-way analysis of variance were used in
different analyses.

Results: Cancer survivors were exempted from military service more often than the controls (p <.001).
The fit-for-service frequency was highest for survivors of kidney tumors (68%) and lowest after irradi-
ated brain tumors (19%). In service, the results of the 12-min running test were poorer than those of
controls for leukemia/non-Hodgkin lymphoma (p=.03) and brain tumor (p=.01) survivors.
Interestingly, the standing long-jump test was the only muscle test for which survivor groups per-
formed worse than controls. Performance on cognitive tests only differed from controls in brain tumor
survivors.

Conclusions: Exemption from service is still common under the current guidelines, but fit-for-service
survivors do well in military education. These results can be used for reassuring survivors that comple-
tion of military service is possible for those fulfilling the national general guidelines for military fitness.
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Introduction

During military service, good physical performance is tested
under extreme conditions, and good cognitive and social
capacities are required to complete training. The physical,
neurocognitive and social functions of childhood cancer sur-
vivors could be limited due to cancer and treatment. The
potential physical sequelae include cardiovascular dysfunc-
tion, structural musculoskeletal changes and changes in body
composition as well as neuropathy. Chest irradiation or treat-
ment with anthracyclines may lead to reduced exercise cap-
acity due to cardiomyopathy, endothelial damage and/or
pulmonary dysfunction [1]. A recent study showed a higher
hazard ratio for cardiovascular late morbidities in survivors of
childhood lymphomas, brain tumors, leukemia and testicular
malignancies compared with siblings [2]. Limb surgery or
amputations may cause significant physical or functional limi-
tations for bone tumor survivors [3]. In Wilms' tumor patients,
radiotherapy may cause disruption of tissue growth.
Therefore, patients may suffer from poor development of

both muscle and bone within the radiation field [4].
Musculoskeletal, pulmonary and hearing problems have been
described after treatment of neuroblastoma [5]. Some che-
motherapeutic agents used to treat childhood cancer have
been shown to reduce muscle strength and decrease motor
performance [6].

Becoming overweight and balance problems are common,
especially after brain tumors [7]. In the Childhood Cancer
Survivor Study group’s (CCSS) report, it was shown that espe-
cially survivors of brain tumors, and bone/soft tissue sarcoma
have lower muscular strength of the lower-extremities and
that their cardio-respiratory performance and mobility are
impaired [8].

The cognitive performance of children treated for cancer
depends on various factors (e.g., age, gender, brain develop-
ment and treatment) that interact with each other [9].
Numerous studies have documented that children treated
with cranial radiation therapy may suffer from neurocognitive
dysfunction, defined as problems with thinking, learning and
memory function [9,10]. Deficits in working memory and
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processing speed have been shown to be correlated with the
intensity of chemotherapy or radiation therapy as well as
with the degree of white matter damage [9], and a brain
tumor itself may damage healthy brain tissue. Among brain
tumor (BT) survivors, neurocognitive impairment has been
shown to progress over time, and dysfunctions seem to
appear earlier if treatment has included both cranial irradi-
ation and chemotherapy [11]. The reported adverse late
effects of chemotherapy alone are contradictory, but many
earlier studies found at least minor cognitive impairment
[12]; however, children with similar diagnoses and treatments
often have different outcomes, as tolerance of side effects
varies among individuals [13].

In Finland, obligatory national military service is gener-
ally considered a natural stage in a young man’s life, and
good military fitness is viewed as an indicator of general
well-being [14]. Performing well in the service has a posi-
tive effect on one’s self-esteem. Disqualification or early dis-
charge, on the other hand, can be a traumatic experience
and can cause emotional harm. All young Finnish men par-
ticipate in the recruitment process the year they become
18. Before entering the military, the applicants must have
medical examinations performed by a civilian physician. A
call-up board determines the suitability, military fitness class
and placement of recruits. Exemption from military service
has previously been a recommendation (before 1991) for
young men with a history of cancer [15]. However, already
at that time the attitudes of the call-up doctors had started
to change towards more permissive statements. The current
conditions (since 1991) for entering the service are as fol-
lows: disease remission for the past five years, good func-
tional capacity and agreement from the conscript's personal
oncologist. Those qualified for military service undergo
both cognitive and physical testing during their period of
service. The results of these tests are available in a national
register, supplying unique material for the study of the late
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effects of treatment in a large group of male cancer
survivors.

The aims of this study were (1) to examine the current
acceptance rate of cancer survivors to the compulsory mili-
tary service in Finland and to compare it with the era before
current health standards (valid since 1991); (2) to examine
how the conscript survivors perform in physical and cognitive
tests during the first weeks of the military education, and (3)
to examine how the conscript survivors perform in the ser-
vice. Comparisons were made with matched population con-
trols without a history of cancer.

Subjects and methods

All males diagnosed with cancer before the age of 16 who
were born between 1960 and 1992 and were alive on their
18th birthday were identified using the Finnish Cancer
Registry (FCR). Information about diagnosis and primary
treatment details (surgery, radiation) was obtained from the
FCR. The FCR does not include information about the dose
and field of irradiation or the chemotherapy protocol used.
Five controls for each patient were retrieved from the
Population Register Centre of Finland (PRC), matched by sex,
age (same month and year of birth) and municipality at the
time of cancer diagnosis. The inclusion criteria were met by
1680 cancer patients and 8399 controls (Figure 1).

Call-up evaluation

All Finnish male citizens have a call-up to compulsory military
service during the year they become 18 years of age. Since
1991, the official guidelines for medical examinations have
changed, and males cannot be exempted from service only
based on a cancer diagnosis. Based on a physical examin-
ation and a specific questionnaire, men are divided into four
military fitness categories (A, B, C and E). Category A includes
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Figure 1. Flow chart describing the inclusion criteria, data sources, and information of data linkages at different steps of data collection.
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those who are regarded as healthy and have been in remis-
sion for at least five years. Category B includes survivors in
remission for at least five years and having an otherwise
acceptable ability to function. A cancer survivor is excluded
from military service if he has a severe disability or illness
(category C). Survivors in remission for less than five years, or
otherwise not yet evaluable, are included in category E which
means that a new evaluation must be performed after two
years [16].

Physical fitness tests in military service

Conscripts complete tests that measure physical capacity dur-
ing the first weeks of service. For example, maximal aerobic
endurance is evaluated by a twelve-minute running test
(Cooper test), and musculoskeletal capacity is measured by a
standing long jump (maximal muscular strength), sit-ups
(evaluation of body'’s flexor muscles, dynamic endurance) and
pushups (dynamic muscle strength of upper extremities,
static endurance of body muscles) as well as by a back
muscle test. For each test, there are normative age- and gen-
der-dependent tables of test measures (points from 0.25 to 5
with 0.25 steps) by which ones performance is categorized
into a certain class (weak, moderate, good, excellent). A fit-
ness index is calculated from the results of the Cooper and
muscular fitness tests (produced by a MILFIT program). The
fitness index thus measures both aerobic and muscular
fitness.

Cognitive evaluation in military service

During the first weeks of military service, conscripts also per-
form tests for cognitive and leadership skills (basic ability
tests 1 and 2). Basic ability test P1 includes measurements of
visuospatial, verbal and arithmetic skills as well as conscripts’
general learning capacity. Each test area is evaluated through
40 tasks, and the test result is a summary of the performance
for each task. The test results range from 1 to 9 (“standard
nine”) with an average of 5. A result lower than 5 indicates
lower-than-average cognitive ability, and a result higher than
5 indicates higher-than-average cognitive ability. Test P2
includes an evaluation of tolerance to psychological stress
and leadership tendency. Test profiles from P1 can be used
for research purposes, but P2 results are completely
confidential.

Military education of the enlisted survivors

The conscripts perform at first a six-week basic training
which categorizes them for the following educational train-
ing. The duration of military service varies from 180 to 270
days for rank-and-file service members, and to 362 days for
reserve officers and some rank-and-file positions that require
special technical skills.

The data linkage was performed at the National Institute
for Health and Welfare. Permits for registry linkage were
obtained from the Finnish Ministry of Social Affairs and
Health, Finnish Defense Forces (FDF), and the PRC. The study

was approved by the clinical research review office of the
South-West Finland Hospital District.

Statistical analysis

Cancer survivors were grouped into three categories: leuke-
mia/NHL (based on similarities in central nervous system
directed therapies), solid tumors (ST) and brain tumors (BT).
Time of call-up was divided to two categories (<1991 and
1991-) based on the changed medical checkup guidelines.
Time of diagnosis was divided based on time points of chang-
ing national treatment protocols (before 1992, 1992-2001, after
2001) for the leukemia/NHL group (diminishing cranial irradi-
ation), and by decades (before 1990, 1990-1999, after 1999) for
the other groups where treatment protocols were not that uni-
form in each center. Irradiation (directed to CNS) was analyzed
as an explanatory variable for leukemia/NHL and BT groups
(groups combined). Age at diagnosis was analyzed in three
groups based on the age at Finnish school entries (pre-school
age <7 years, lower grades of comprehensive school 7-12
years, upper grades of comprehensive school >12 years).

Because the data were matched, comparisons between the
survivors and controls were made using a conditional logistic
regression analysis for dichotomous response variables, the
GEE-method with the cumulative logit link function for ordinal
response variables and mixed models, with the matching
group as a random effect for continuous variables. Among the
survivors, associations between two nominal variables were
investigated using the chi-square test, between ordinal and
nominal variables using the chi-square test for trend and
between nominal and continuous variables using a one-way
analysis of variance. The statistical analyses were performed
using SAS for Windows, version 9.3 (Turku, Finland). p-values
below .05 were considered statistically significant.

Results

Information on the enlistment data of 1300 cancer survivors
and their 7209 controls (Table 1) was collected. Data on 380
cancer survivors and 1190 controls were not available from
the electronic archives of FDF. Cancer was diagnosed before
the age of seven in 39.7% of the patients, at 7-12 years in
27.8% and after 12 years in 32.5%.

Call-up evaluation

Cancer survivors were exempted from military service more
often than their matched controls (45.6% and 7.8%, respect-
ively, p <.001, Table 1). The reasons for exemption and delay
are shown in Table 2. The main cause was a history of cancer
(52.8%) in the survivor cohort and mental disorders (47.6%)
in the control group. Exemptions based on a past cancer
diagnosis were more frequent among the survivors evaluated
before 1991 (62%) than those evaluated after 1991 (42%)
(p <.001). Classification to military fitness categories differed
based on cancer diagnoses (Table 1). The exemption (class C)
frequency was highest for bone (81.2%) and brain tumor sur-
vivors (63.3%) and lowest for kidney tumor survivors (30.3%).
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Table 1. Male childhood cancer survivors categorized by the results of military fitness classification at call-up.

Military fitness classification group

A B C E

Cancer type N (%) N (%) N (%) N (%) Total p-value
Brain tumors

Total 80 (24.7%) 32 (9.9%) 205 (63.3%) 7 (2.1%) 324

Irradiated 10 (10.0%) 9 (9.0%) 80 (80.0%) 1 (1.0%) 100
Leukemia

Total 155 (52.2%) 25 (8.4%) 101(34.0%) 16 (5.4%) 297

Irradiated 46 (39.0%) 14 (11.9%) 49 (41.5%) 9 (7.6%) 118
Non-Hodgkin lymphomas 54 (47.0%) 11 (9.6%) 44 (38.3%) 6 (5.2%) 115
Hodgkin lymphomas 44 (44.0%) 8 (8.0%) 43 (43.0%) 5 (5.0%) 100
Soft tissue sarcomas 47 (48.5%) 7 (7.2%) 43 (44.3%) 0 (0.0%) 97
Kidney tumors 36 (47.4%) 16 (21.0%) 23 (30.3%) 1(1.3%) 76
Malignant bone tumors 8 (12.5%) 3 (4.7%) 52 (81.2%) 1 (1.6%) 64
Neuroblastomas 21 (50.0%) 2 (4.8%) 18 (42.8%) 1 (2.4%) 42
Other malignancies 91 (49.2%) 24 (13.0%) 64 (34.6%) 6 (3.2%) 185
Total 536 (41.2%) 128 (9.8%) 593 (45.6%) 43 (3.3%) 1300
Controls 5900 (81.8%) 509 (7.1%) 562 (7.8%) 238 (3.3%) 7209 <.001

A: five or more years in remission, healthy; B: five or more years in remission, mild limitations in health; C: not eligible for service; E: not yet evaluable.

Table 2. The reasons (sometimes multiple) for being exempted (45.6% vs.
7.8%) at military call-ups (at the age of 18 years).

Survivors Controls

Reason for exemption/delay N % N %

Cancer 342 53.8° 1* 0.2
Neurologic disease 42 6.6 33 5.9
Psychiatric disorder 44 6.9 264 47.6°
Infectious disease 2 0.3 1 0.2
Endocrinologic disease 35 5.5 39 7.0
Respiratory disease 4 0.6 30 54
Circulatory disease 7 1.1 7 13
Gastrointestinal disease 5 0.8 17 3.1
Dermal disease 3 0.5 14 2.5
Musculoskeletal/connective tissue disease 20 3.1 25 4.5
Urogenital disease 4 0.6 7 13
Ocular disease 1 1.7 7 13
Ear disease 4 0.6 8 14
Congenital malformation/chromosomal 15 23 25 4.5

abnormality

Injury/Intoxication/hemato-logical disease 16 25 26 4.7
Unknown/not reported 39 6.1 58 10.4

The total number of evaluable survivors was 1300 and their matched controls
7209. The number of persons who received exemption was 593 and 562,
respectively.

2Group’s most common reason for exemption.

bCancer diagnosis between the age of 16 and 18 years.

Leukemia (52.2%) and neuroblastoma (50.0%) survivors were
most often classified under class A.

During the most recent treatment era (after 1999/2001),
survivors were more often enlisted to category A (75%/71%)
than before (p=.001) as the corresponding figures for cat-
egory A during previous era were 49%/51% and 32%/54%.
Treatment with cranial irradiation (leukemia/NHL, BT) had a
significant (p <.001) effect on the fitness category, as 72.4%
of patients in category A (60.5% in B, 53.4% in C) had not
been treated with irradiation. Age at diagnosis had a signifi-
cant (p <.001) effect on the fitness category only for leuke-
mia/NHL survivors, as the ranking was A for 63% of those
under 7 years at diagnosis, 62% for 7-12 year olds and 28%
for those above 12 years at diagnosis.

Assessment of physical fitness during service

Data on physical and cognitive tests for the enlisted men
were not available in electronic form over the whole study
period, which explains the varying numbers in the tables.

Data on survivors and controls were gathered similarly from
the database which should diminish bias in information. The
results of physical fitness test categories performed during
the first weeks of service are presented in Table 3. The total
fitness index was significantly worse than the controls only
for BT survivors. The results of the Cooper running test and
muscular fitness were worse than those of controls for both
leukemia/NHL and BT survivors. Cranial irradiation influenced
the results, as among both leukemia and BT survivors, only
those with irradiation had significantly poorer results than
the controls (Table 4). Regarding the separate muscle
strength tests, the results for the pull-ups, pushups, sit-ups
and back muscle tests did not differ significantly from those
of controls in any of the three survivor groups (data not
shown); however, for the standing long jump, leukemia/NHL
(p<.001), solid tumor (p=.005) and BT (p=.001) survivors
had significantly worse results than their controls. The results
were similar in both irradiated and non-irradiated survivors.

Assessment of cognitive performance during service

The results of the cognitive test during the first weeks of ser-
vice are presented in Table 5. Enlisted leukemia/NHL survivors
did not show significantly worse results than their controls for
the cognitive tests. The mean value for the whole test was 4.7
for non-irradiated leukemia survivors, 4.2 for irradiated leuke-
mia survivors and 5.1 for NHL survivors. The corresponding
values for the controls were 4.7, 49 and 4.8, respectively.
Conscript solid tumor survivors performed as well as their
controls on the cognitive tests; however, for brain tumor survi-
vors, there was a decline in all tested cognitive skills. Non-irra-
diated survivors performed significantly worse than controls in
all test categories. It was surprising that irradiated survivors
had lower scores than controls only in visuospatial tests, but
the small number of enlisted survivors may explain this.

Military education of the enlisted survivors

Interrupting service was as common among survivors (6.2%)
as controls (6.6%). Of all survivors, 76% were trained as ran-
k-and-file service members, 19% as noncommissioned officers
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Table 3. Results of physical tests performed during compulsory military service for survivors who had already begun service.

Brain tumor survivors and their

Leukemia/NHL survivors and their

Solid tumor survivors and their controls controls controls
N (%) N (%) p-value N (%) N (%) p-value N (%) N (%) p-value
Fitness index 24 <.05 14
Excellent 20 (8%) 242 (10%) 6 (8%) 2 (10%) 3 (8%) 112 (9%)
Good 87 (33%) 851 (34%) 8 (24%) 310 (32%) 49 (30%) 443 (34%)
Moderate 7 (37%) 952 (38%) 0 (40%) 378 (39%) 8 (41%) 510 (39%)
Poor 57 (22%) 478 (18%) 1 (28%) 186 (19%) 35 (21%) 276 (18%)
Cooper test 18 .01 .03
Excellent (>3000m) 9 (7%) 229 (9%) 5 (7%) 85 (9%) 8 (5%) 111 (9%)
Good (>2600m) (32%) 811 (32%) 19 (25%) 307 (32%) 45 (27%) 417 (32%)
Fair (>2200m) 101 (39%) 1029 (41%) 25 (33%) 394 (40%) 84 (50%) 561 (43%)
Poor (<2000m) 7 (22%) 459 (18%) 26 (35%) 183 (19%) 30 (18%) 206 (16%)
Muscle fitness .19 .02 .05
Excellent 6 (13%) 350 (14%) 7 (9%) 142 (15%) 22 (13%) 175 (13%)
Good 0 (26%) 763 (30%) 15 (20%) 273 (28%) 35 (21%) 394 (30%)
Moderate 4 (32%) 777 (31%) 27 (36%) 289 (30%) 63 (38%) 420 (33%)
Poor 6 (29%) 635 (25%) 26 (35%) 265 (27%) 46 (28%) 305 (24%)

Table 4. Performance for physical tests during compulsory military service for brain tumor and leukemia survivors presented by their irradiation treatment

status.
Brain tumors Brain tumors Leukemia Leukemia
non-irradiated  Controls irradiated Controls non-irradiated  Controls irradiated  Controls
N (%) N (%) p-value N (%) N (%) p-value N (%) N (%) p-value N (%) N (%) p-value
Fitness index 24 .02 31 <.01
Excellent 4 (7%) 59 (10%) 2 (15%) 28 (9%) 11 (12%) 7 (8%) 1 (3%) 34 (9%)
Good 15 (26%) 184 (30%) 0 (0%) 105 (35%) 29 (33%) 191 (32%) 6 (17%) 137 (37%)
Moderate 23 (41%) 245 (40%) 5 (39%) 119 (39%) 33 (37%) 243 (41%) 5 (43%) 143 (39%)
Poor 15 (26%) 127 (20%) 6 (46%) 52 (17%) 16 (18%) 114 (19%) 13 (37%) 53 (15%)
Cooper test .10 <.01 .62 <.01
Excellent 3 (5%) 49 (8%) 1 (7%) 33 (11%) 7 (8%) 44 (7%) 0 (0%) 7 (10%)
Good 17 (30%) 192 (31%) 1 (7%) 92 (30%) 24 (26%) 181 (30%) 7 (19%) 132 (36%)
Moderate 17 (30%) 256 (41%) 5 (36%) 123 (40%) 43 (47%) 262 (44%) 2 (61%) 149( 1%)
Poor 19 (35%) 120 (20%) 7 (50%) 57 (19%) 17 (19%) 108 (18%) 7 (19%) 0 (14%)
Muscle fitness .10 .08 .61 <.01
Excellent 6 (11%) 7 (14%) 1 (7%) 45 (15%) 17 (19%) 3 (14%) 1 (3%) 6 (12%)
Good 11 (19%) 172 (28%) 2 (14%) 90 (30%) 20 (23%) 174 (29%) 6 (17%) 114 (31%)
Moderate 20 (36%) 190 (31%) 5 (36%) 83 (27%) 29 (33%) 180 (30%) 14 (40%) 127 (35%)
Poor 19 (34%) 168 (27%) 6 (43%) 85 (28%) 22 (25%) 162 (27%) 14 (40%) 80 (22%)

Table 5. Results for cognitive tests during compulsory military service for survivors who had begun service.

Leukemia/NHL survivors and their

Solid tumor survivors and their controls Brain tumor survivors and their controls controls

Survivors Controls Survivors Controls Survivors Controls

N=115 N=959 N=45 N =592 N=288 N=757
Cognitive tests mean (SD) mean (SD) p-value mean (SD) mean (SD) p-value mean (SD) mean (SD) p-value
General talent 471 (1.85) 4.88 (1.88) .26 3.82 (1.59) 4.80 (1.89) <.01 4.76 (1.88) 4.80 (1.85) .88
Mathematical 4.64 (1.85) 4.80 (1.90) 31 3.96 (1.61) 4.71 (1.90) <.01 4.95 (2.09) 5.04 (1.98) 72
Verbal 441 (1.87) 4.70 (1.94) .06 3.67 (1.72) 4,62 (1.94) <.01 472 (1.92) 4,62 (1.83) .64
Visual 5.03 (1.96) 5.12 (2.01) .62 4.20 (1.88) 5.05 (2.03) <.01 4.67 (1.97) 4.72 (1.95) .82

Non-irradiated brain tumors Irradiated brain tumors® Irradiated leukemias®?

Survivors Controls Survivors Controls Survivors Controls

N=34 N =366 p-value N=7 N=192 p-value N=12 N=194 p-value
General talent 3.76 (1.63) 4.80 (1.88) <.01 343 (1.27) 4.79 (1.90) .06 4.17 (2.55) 4,97 (1.89) 15
Mathematical 3.44 (1.65) 4.61 (1.92) <.01 3.71 (1.60) 461 (2.04) 25 4,00 (2.49) 4,72 (1.84) .20
Verbal 3.85 (1.62) 4.72 (1.93) .01 3.86 (1.68) 4.68 (1.88) 25 4.33 (1.87) 4.86 (1.93) 36
Visual 4.24 (1.94) 5.07 (2.07) .03 343 (1.62) 5.07 (1.97) .03 4.50 (3.00) 5.30 (1.97) 13

Details on possible irradiation were not available for each survivor.

PResults for non-irradiated leukemias compared with their controls were as follows: general talent 4.73 vs. 471 p=.94, Mathematical 4.79 vs. 4.66 p=.67,

Verbal 4.73 vs. 4.56 p=.52, and Visual 4.77 vs. 4.94 p = .56.

and 5% as reserve officers. The corresponding values for the
controls were 72%, 22% and 5%, respectively. The figures did
not differ significantly (p=.83). Interestingly, the figures for
brain tumor survivors versus their matched controls (p =.48)
were 747% (70.6%), 21.3% (24.1%) and 4.0% (5.3%),
respectively.

Discussion

Few studies have been conducted on childhood cancer survi-
vors and their performance in military service. It was found
that survivors were exempted from military service more
often than controls, though the proportion of exempted



survivors declined after 1991 when guidelines were revised.
During the most recent treatment era (from 1999 to 2001),
survivors were also more often enlisted to the best category
A than before. For those accepted for service, the results of
the aerobic performance test were significantly poorer than
those of controls after treatment for leukemia/NHL and brain
tumors but not after treatment for solid tumors. Irradiation
treatment seemed to explain the poorer running test results.
Regarding muscle fitness, the BT survivors scored significantly
poorer than controls, and a poorer trend was also identified
for leukemia/NHL survivors. Interestingly, the standing long
jump (leg muscle test) was the only test for which all three
survivor groups performed worse than their controls.
Performance on cognitive tests did not significantly differ
from controls other than for brain tumor survivors. Despite
the limitations of physical test results during service, the
enlisted survivors' performance was comparable to their con-
trols during their military education. Conscript survivors did
not discontinue service more often than controls, and were
trained (military rank) similarly as controls.

Historically, disqualification from military service was
based solely on a past cancer diagnosis, regardless of the
outcome [16]. In the late 1980s [18] and also 10 years later
[15], the exemption rate for Finnish cancer survivors was
near 40%. Since 1991, the official requirements for entering
the service have still liberalized [16]. However, it was found
that as many as 45% of the survivors were still exempted.
Similar exemption rates have been reported in other coun-
tries [17]; however, the frequency of interrupting service has
declined to the same level as the controls, which may indi-
cate that the evaluation of fitness is more precise with the
current guidelines.

The Cooper test was originally designed to assess aerobic
capacity, which correlates with cardiorespiratory fitness.
Cardiorespiratory fitness can be compromised by several che-
motherapeutic agents used in the treatment of childhood
malignancies. Anthracyclines have known adverse effects on
the heart [1], while alkylating agents and bleomycin have
been associated with pulmonary toxicity [18]. It was found
that only solid tumor survivors fared as well as their matched
controls for the Cooper test. In the other two survivor
groups, treatment with irradiation seemed to impair the
results, which is in accordance with previous findings [4,15].

The quite low fit-for-service proportions as well as prob-
lems encountered during physical tests (impaired standing
long jump) can be explained by previous findings presented
in the literature. In a recent CCSS study, osteosarcoma survi-
vors were compared with other survivors, and their general
health, mental health and anxiety levels were not different;
however, their functional status, activity limitations and pain
were more likely to be an issue [3]. Bone tumor survivors
have also been reported to have an increased risk of persist-
ent peripheral neuropathy induced by chemotherapeutic
agents [3]. In a study on survivors of Ewing sarcoma, almost
two-thirds of survivors had chronic conditions, which is not
surprising given the routine use of moderate- to high-dose
anthracyclines, alkylating agents, musculoskeletal surgeries
and radiation during treatment [19]. The treatment protocols
of childhood HL wusually include anthracyclines with or
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without irradiation, and, therefore, HL treatments are often
associated with cardiovascular late-effects and even pulmon-
ary dysfunctions [20]. Survivors of HL unexposed to cardio-
toxic treatments may also have adverse cardiovascular effects
[20].

Survivors of kidney tumors were most often fit-for-service
(69%), but a large proportion was classified as exhibiting a
fair but not excellent performance (category B). This might
be due to the musculoskeletal deformities caused by irradi-
ation [4]. Wilms’ tumor survivors have also had reduced ankle
and wrist dorsiflexor strength, which are mainly caused by
chemotherapy agents [6]. For the neuroblastoma survivors,
their fit-for-service frequency was 57%, and the highest pro-
portion of survivors (50%) qualified for the best fitness cat-
egory was among them. Neuroblastoma survivors may have
motor or sensory deficits, and spinal cord compression may
complicate neurological functions and thereby decrease
physical capacity [21]. It could be assumed that most neuro-
blastoma survivors fit-for-service were those treated for stage
I and Il diseases or even stage IVS and were thus not
exposed to long chemotherapies or irradiation treatment.

Chemotherapeutic agents used in the treatment of child-
hood cancer have catabolic effects and can cause muscular
weakness and decreased motor performance [6]. The muscu-
lar fitness index was lower than controls for BT and leuke-
mia/NHL survivors, which is clearly influenced by irradiation.
An earlier study showed that cranial irradiation increases the
risk for testicular damage and causes growth hormone (GH)
deficiency in male survivors of childhood ALL [22]. Therefore,
decreased levels of testosterone and GH might explain the
impaired muscular fitness of cranially irradiated leukemia
patients; however, the scores for leg muscle strength, meas-
ured by the standing long jump test, were significantly
poorer than those of controls in all three survivor groups.
This finding might indicate that even low doses of chemo-
therapeutic agents or the effects of cancer on living habits
can cause significant muscular weakness, and individual sen-
sitivity may vary.

More than one-third of all brain tumor survivors and one-
fifth of those treated with irradiation were qualified for mili-
tary service. Physical limitations seem to continue to occur
after treating patients with modern protocols [23]. In add-
ition, the exercise capacity of BT survivors may decline due
to the increased risk for adults to become overweight or
obese [7]. This is consistent with the finding that even brain
tumor survivors who were fit-for-service had problems with
physical and cognitive performance. Irradiated survivors
appeared to have the poorest muscular and endurance test
results.

The findings of the cognitive performance of solid tumor
survivors who were fit-for-service were comparable with the
controls. This is quite straightforward, as most solid tumor
patients do not receive therapy for the central nervous sys-
tem. Surprisingly, HL survivors have recently been reported
to be a risk group for impaired CNS integrity [24]. In this
study, solid tumor survivors who were fit-for-service as a
group had no significant decline in cognitive performance;
however, the results suggest that brain tumor survivors
experience declines in verbal, visuospatial and mathematical
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performance. This is supported by previous findings regard-
ing general cognitive skills, the ability to use memory func-
tions and visuospatial abilities [25]. In the future, whether
fractionated cranial irradiation reduces the occurrence of cog-
nitive deficits should be investigated. Surprisingly, in this
study, non-irradiated brain tumor survivors had the most
severe decline in cognitive tests; however, this result may
have been influenced by the small number of survivors with
irradiation who were fit-for-service. Irradiated leukemia survi-
vors had lower scores on the cognitive test than their con-
trols, but the difference was not statistically significant, likely
due to the small number of individuals tested.

This nationwide register-based study offers new informa-
tion regarding the physical and cognitive performance of
cancer survivors in military service. The results support posi-
tive outcomes for enlisted conscripts, which may also have a
positive influence on survivors’ quality of life. The limitations
of the study include the lack of data on the cognitive and
physical performance of survivors who were exempted from
service as well as the lack of exact data on the dose levels of
cancer treatments. Some service data were also missed
because of the lack of electronic data files in the beginning
of our study period.

Conclusions

More than half of the male childhood cancer survivors are fit
for military service, and the enlisted survivors cope well with
service, as discontinuations are not common. Regarding the
changes in fit-for-service figures, it was shown that those
evaluated before 1991 were less likely to be fit-for-service.
Thus, it seems that alterations in health qualification direc-
tions along with changes in cancer treatments had an effect
on the military classifications of childhood cancer survivors.

The possibility of being fit-for-service was affected by the
irradiation used for treatment. Interestingly, during the most
recent treatment era (from 1999 to 2001), more patients
were classified as category A, which may reflect the reduc-
tion of prophylactic cranial irradiation. As expected, cranially
irradiated survivors had lower test results during service than
their healthy peers for both aerobic and muscular fitness. All
survivor groups showed some impairment in leg muscle
strength. This impairment could be a consequence of cancer
itself, the chemotherapeutic agents (e.g., vincristine) used or
the survivors’ low general physical activity. The results
showed that the level of military training was comparable to
that of the general population, which is in line with earlier
findings [15]. The possibility to perform the compulsory mili-
tary training may support social adjustment and coping after
cancer, and according to these results, more than half of
male childhood cancer survivors are able to achieve this
goal.
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