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Abstract

Increased adult stature has been associated with risk of testicular germ call tumors (TGCT) in a
number of studies. Whether childhood stature is also associated with TGCT is unclear as no
studies of measured childhood height and TGCT have been reported. Thus, associations between
TGCT in adulthood and childhood height and growth between ages 7 and 13 years were examined
in a cohort from the Copenhagen School Health Records Register. Analyses included 162,607
boys born during the years 1930-1989. Development of TGCT was determined via linkage to the
Danish Cancer Registry. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated
using Cox proportional hazards regression. Between 1968 and 2014, 782 TGCT were diagnosed.
Childhood height, per one unit increase in z-score, was associated with risk of TGCT, with HRs
ranging from 1.11 (95%CI 1.03-1.20) at age 7 to 1.09 (95%C1=1.01-1.18) at age 13. In a
categorical analysis, the shortest boys were at the lowest risk of developing TGCT. Results varied
little by TGCT histology (seminoma, nonseminoma). Growth between ages 7 and 13 years was not
associated with risk. These findings suggest that risk of TGCT in adulthood was already
determined by age 7 years. Although the mechanism requires further investigation, these results
provide additional evidence that risk of TGCT is determined at a young age, thus suggesting that
additional investigation of early life factors is warranted.
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Introduction

Methods

Testicular germ cell tumors (TGCT) are rare tumors in the general population, but are the
most commonly occurring cancers among males aged 15-44 years in developed countries.
Incidence rates of TGCT, including both seminomas and nonseminomas, have been rising in
many countries for over 50 years. Incidence rates are particularly high among men of
Northern European ancestry, with Denmark having one of the highest TGCT rates in the
world 1.

Reasons for the increase in incidence are not clear as few risk factors have been identified.
One factor that has been linked to TGCT, however, is adult height, which has been
associated with a 13% increased risk in TGCT per 5 cm height increase 2. Whether height in
childhood is also associated with TGCT risk is unclear 3, although it is known that height is
determined early in life via a combination of genetics, nutrition, and health . Rising secular
trends in height have been reported °. While it is unlikely that height has a causal association
with TGCT, height may share a common mechanism with an unknown risk factor, which
increases the risk 2. Thus, elucidation of the etiologically relevant timeframe for childhood
height in association with TGCT could provide insight into possible mechanisms.

The current study, based in records of the Copenhagen School Health Records Register
(CSHRR), examined the relationship between childhood height and subsequent risk of
TGCT, overall and by histologic subtype (seminoma, honseminoma).

As previously described 6, the CSHRR includes 188,360 male children who attended public
or private school in Copenhagen, Demark and were born between 1930 and 1989. Annual
school health assessments included anthropometric measurement, physical exam, assessment
of illness, history of infectious disease, and vaccination status. With the child wearing no
shoes, medical personnel measured and recorded height to the nearest half centimeter.

Childhood height zscores were calculated by age (per month). To generate these z-scores,
internal birth-cohort-specific references were utilized. These references were generated in 5-
year intervals from the entire cohort (i.e., among boys with and without CPR numbers) using
the LMS method ’. For height z-scores at the exact ages (i.e., 7, 8, 9, 10, 11, 12 or 13 years),
the zscore that was computed from measured height if the measurement was taken at the
child’s exact age (i.e., within the month of the child’s birthday) was used. The zscore was
interpolated if two measurements were available on either side of the exact age (+12
months). If only one height measurement was available on either side of the exact age (£12
months), the z-score was extrapolated. If there was not at least one height measurement
available within 12 months of the exact age, a z-score was not generated for that age. Height
z-scores were also categorized, with cut-points corresponding to approximately the 10t
25t 75t and 90t percentiles of height.

Linkage of the CSHRR to the Danish Cancer Registry and the Danish Civil Registration
System (vital statistics) was conducted using a unique national personal identification (I1D)
number. Beginning in April 1968, Danish citizens of all ages were assigned ID numbers 8.
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Children attending school in or after 1968 had the ID number recorded on their health card.
For indiviudals with no ID number recorded on their health card, probable ID numbers were
obtained from the Danish Civil Registration System based on the person’s forename(s),
surname, sex, and date of birth. Utilizing this approach, ID numbers were identified for
167,409 males (89%) in the study population. For indiviudals that died or emigrated prior to
1968, an 1D number was never issued 6.

Incident testicular cancers, defined by the International Classification of Diseases (ICD), 7th
edition diagnostic codes 178, 278, 378, 478, 578, 678 and 878 as well as 10t edition
diagnostic code C62, were ascertained by linkage with the Danish Cancer Registry. TGCT
was classified using the Danish modified version of the ICD 7th edition codes for seminoma
(378) and nonseminoma (278, 478, 578), and the ICD for Oncology, 3™ edition morphology
codes for seminoma (9060-9062, 9064) and nonseminoma (9065-9102). Due to small
numbers (32 cases), TGCT diagnoses occuring after the age of 60 were excluded. The
current analysis included 782 TGCTs, of which 468 were seminomas and 314 were
nonseminomas.

Follow-up began on April 2, 1968, when the Danish Civil Registration System was
established, or at age 15 years, and individuals were followed until December 31, 2014.
Among 167,409 males with an ID number available, individuals were excluded if they
emigrated, died, or were lost to follow-up prior to age 15 years (n=1423); were missing date
of diagnosis (n=1) or were diagnosed prior to age 15 (n=5) or April 2, 1968 (n=35); were
missing measures of height at all ages (n=3337); or had an outlying height z-score (<-4.5 or
>4.5) at all ages (n=1). Thus, 162,607 males were eligible for the study (Figure 1).

Statistical Analysis

Cox proportional hazard regression analysis was used to calculate hazard ratios (HRs) and
95% confidence intervals (Cls) for the association between height zscore and risk of TGCT,
with age as the underlying time metric and baseline hazard stratified by birth cohort (5-year
intervals). The proportional hazards assumption was tested by examination of the cumulative
hazard plots and using an interaction term between height z-score and the age at diagnosis.
The proportional hazards assumption was not observed to be violated (p=0.05).

To assess the shape of the association between height zscore and testicular cancer risk,
restricted cubic splines (five knots) were tested against the linear alternative using the
likelihood ratio test. There were no indications of deviations from linearity as none of the
tests were statistically significant (all p=0.05).

Linear growth between 7 and 13 years was examined in the sub-population with height
measurement taken at ages 7 and 13. Effects of growth on TGCT risk were examined in
categorical models as well as linear models expressed per 0.5 increase in z-score (few boys
change their height by more than this amount).

As the CSHRR spans nearly 60 years of births and TGCT incidence is known to be affected
by birth cohort, effect measure modification of height zscore and TGCT risk by birth cohort
(categorized as 1930-39, 1940-49, 1950-59, 1960-69, 1970-89) was examined. While
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height increased with each subsequent birth cohort (Supplemental Table 1), there was
limited evidence of effect measure modification by birth cohort (all p=0.05).

Height scores were calculated for specific birth cohorts. One z-score unit is equivalent to
approximately 5.1 cm at age 7 and approximately 7.6 cm at age 13. As shown in Table 1,
taller boys had an increased risk of TGCT at all ages between ages 7 years and 13 years. At
age 7, a one unit z-score increase in height was associated with an 11% subsequent
increased risk of TGCT (HR=1.11, 95% CI: 1.03-1.20). Risks were similar at all ages. For
example, at age 13, a one unit z-score increase in height was associated with a 9%
subsequent increased TGCT risk (HR=1.09, 95% CI: 1.01-1.18). Results for seminoma
were very similar to the overall results. While the hazard ratios for nonseminoma were also
similar to the results for all TGCT and seminoma, the sample size was limited and most did
not attain statistical significance.

Table 2 shows z-scores at ages 7, 10 and 13 years, categorized corresponding to
approximately the 10th, 25t 75t and 90t percentiles of height. While there was a
suggestion that the tallest boys (greater than the 90t percentile of height) at age 7 years had
an increased risk of TGCT compared to boys in percentiles 25-50 of height, the results were
not statistically significant (HR=1.21, 95% CI: 0.95-1.53). The shortest boys, however, had
a significantly decreased risk of TGCT at all three ages (HRage7=0.71, 95% CI: 0.53-0.94;
HRage10=0.70, 95% CI: 0.52-0.93; HRyge13=0.74, 95% CI. 0.56-0.99).

In the growth sub-analyses restricted to the 129,877 boys who had height recorded at both
ages 7 and 13 years, results for all TGCT were the same as in the overall analysis, with the
hazard ratios ranging from 1.10 (95%CI 1.01-1.18) at age 7 to 1.09 (95%CI=1.00-1.17) at
age 13 years (Supplemental Table 2).

Table 3 shows the longitudinal growth analyses of risk of TGCT by cross-classification of
height at both ages 7 and 13 years. Compared to boys in the middle height category at both
ages, the boys who were in the shortest category at both ages had a suggested, albeit
nonsignificant, decreased risk of TGCT (HR=0.70; 95% CI: 0.49-1.01). In contrast, boys in
the highest category of height at age 7, but only between the 75t and 90 percentiles at age
13 had a borderline significant 44% increased risk of testicular cancer (HR=1.44, 95% CI:
0.98-2.12). However, numbers were limited to examine this cross-classification of height at
ages 7 and 13. As shown in Table 3, very few boys either went from being in the shortest
category at age 7 years to the tallest category at age 13 years (n=2), or from the tallest
category at age 7 to the shortest category at age 13 (n=1). Finally, when a 0.5 zscore change
in height between ages 7 and 13 was examined, growth was not associated with an increased
risk of TGCT overall, or separately with either seminoma or nonseminoma (Table 4).

Discussion

In this large propective analysis, measured childhood height was positively associated with
risk of TGCT. In a categorical analysis, the shortest boys were at the lowest risk of
subsequently developing TGCT, whereas there was no significant association with risk
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among the tallest boys. Growth between ages 7 and 13 years, was not associated with risk.
Results were similar for seminomas and nonseminomas.

As TGCT is hypothesized to be due to a combination of genetic and early life environmental
factors, determination of the association between childhood height and risk could clarify the
etiologically relevant timeframe for TGCT development. Only one previous study has
examined childhood height in relation to TGCT. The study reported that being taller than
one’s peers at ages 9 years (HR=1.55, 95% CI: 0.91-2.64) and 13 years (HR=1.26, 95% CI:
0.78-2.01), compared to being shorter, was associated with nonsignificant increased risks of
TGCT. The study, however, was based on self-reported recall of childhood height in
comparison to peers, rather than height that was measured and recorded 2. The current study,
in contrast, examined height as measured by trained medical professionals by a standard
protocol in which height was recorded it to the nearest half centimeter 8. Nevertheless, the
studies are in general agreement that increased childhood stature is associated with increased
TGCT risk. The results are also in agreement with studies that have examined the
relationship between adult height and risk. A 2010 meta-analysis of 14 studies reported a
positive association whereby a 5 centimeter increase in adult height was associated with a
13% increased risk of TGCT (HR=1.13, 95% CI: 1.07-1.19).

While risk factors for TGCT are not well characterized, the prevailing hypothesis is that risk
is largely determined 7 utero®. The association of congenital anomalies, including
cryptorchidism, hypospadias and inguinal hernia, lends support to this hypothesis 10. In
addition, TGCT has one of the strongest heritabilities of any cancer, with risk particularly
increased among men having an affected brother 11. This increased familial risk is consistent
with a strong genetic contribution, and a number of genetic markers have been identified 12,
A recent study examined whether single nucleotide polymorphisms (SNPs) previously
associated with adult height could explain the association seen between height and TGCT.
Two of the SNIPs evaluated were found to be associated with risk of TGCT (rs6060373 and
rs143384). When the association between height and testicular cancer was adjusted for all
15 SNPs analyzed, the association was attenuated, albeit non-significantly. Thus, the authors
concluded that there was no strong evidence that this attenuation was greater than what
would have been expected with stochastic variation 13,

The reason that height and TGCT are associated is not clear. Adult height is a complex
phenotype determined by a combination of genetics, childhood nutrition, and infectious
diseases in childhood 4. Hormones essential for normal growth, such as insulin-like growth
factor-1 (IGF-1) and growth hormone are also key contributors to final adult height 14-16,
thus height could be a marker of higher IGF-I levels in childhood. IGF-1 is mitogenic and is
capable of inhibiting apoptosis in non-malignant and malignant cells 17 and is known to be
involved with the regulation of spermatogenesis 18, suggesting that higher IGF-I levels could
act to promote TGCT.

IGF-I levels are also known to be affected by childhood diet, in particular by milk intake
19,20 pye to reported associations between milk and dairy food consumption in childhood
and height, several studies have investigated the association been milk and dairy food
consumption and TGCT. While two of the studies 21 22 reported an increased risk associated
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with higher levels of milk consumption in adolescence, one of the two did not find an
increased risk with other dairy food consumption 2% 22 A third study assessed milk and
dairy food consumption at several time points between birth and age 18 years and found that
consumption of milk with 2% milk fat, in comparison to milk with a higher content of fat,
was associated with increased risk 23. Overall dairy consumption, however, was not
associated. These results suggest that more research in the area of early life milk
consumption, height and TGCT may be warranted.

Social conditions and lifestyle factors have varied dramatically among the birth cohorts
included in this study (i.e., 1930-1989). In particular, there has been considerable interest in
the cohort born during World War 1l in Denmark as they had a lower risk of TGCT than
prior or subsequent cohorts 24. As shown in Supplementary Table 1, however, childhood
height continued to increase, rather than decrease or plateau, among the World War Il
cohort. As reported previously, weight of the World War 11 cohort also continued to increase,
which is not unexpected as the authors found evidence of only minimal nutritional reduction
during the war in Copenhagen 2. These results suggest that the lower TGCT risk of the
World War 11 cohort in Denmark is not related to nutritional deprivation or its effect on
height in childhood.

Major strengths of the current analysis include that it was based on a large, prospective
cohort study with serially measured heights in childhood and early adolescence. Thus, this is
the largest study to investigate an association between childhood height and TGCT, and the
only study with prospectively measured height. Introduction of the personal ID number in
1968 permitted linkage with the Danish Cancer Registry, allowing for highly accurate cancer
outcome ascertainment 28, In addition, as there was minimal loss to follow-up and a long
follow-up period, a large enough number of TGCT cases were diagnosed to investigate birth
cohort effects, which were not found. In contrast to these strengths, a limitation of the
current study was the inability to adjust for social or lifestyle factors which could have been
important confounders .

In conclusion, childhood height was associated with an increased risk of TGCT, but growth
during childhood was not. Further investigations into environmental influences on height
during early childhood may further elucidate the etiology of TGCT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact

Although the risk of TGCT has been suggested to be determined in early life, few early
like risk factors have been identified. In this first study to examine measured childhood
height and risk of TGCT, height by age 7 years was already associated with risk. These
results may help to focus new investigations of TGCT epidemiology on the early life
period.
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Figure 1.

Total population of boys in the CSHRR
and available for this study
Born 1930 to 1989

n=188,360

Do not have a personal identification number

n=20,951

Starting population

n=167,409

Emigrated, deceased

or lost to follow-up prior to 15 yrs
n=1423

Eligible population, alive and living in Denmark at 15 yrs
Born 1930to 1

n=165,986

989

Missing date of diagnosis
n=1

n=5

Testicular cancer diagnosis prior to
beginning of follow-up on 2 April 1968
n=35

|| Missing measures of height at all ages

n=3337

Height measurement outlier at all ages
n=1

Included in analysis

n=162,607

Flow chart of eligible and included participants in the study.
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Hazard ratios of testicular germ cell tumors by categories of height zscores at 7, 10 and 13 years of age”

Age 7 years
—-4.50 to -1.28
-1.28to -0.68
—0.68 t0 0.68
0.681t0 1.28
1.28 t0 4.50

Age 10 years
—-4.50 to -1.28
-1.28to -0.68
—0.68 t0 0.68
0.681t0 1.28
1.28 t0 4.50

Age 13 years
—-4.50 to -1.28
-1.28to -0.68
—0.68 t0 0.68
0.681t0 1.28
1.28 t0 4.50

N cases HR 95% ClI
15824 55 0.71 0.53-0.94
23650 119 1.02 0.83-1.26
76919 381  1.00 referent
20880 104 101 0.81-1.25
13820 83 121 095-153
14119 52 0.70 0.52-0.93
21482 93  0.82 0.65-1.03
72871 388 1.00 referent
20786 111 1.00 0.81-1.24
13787 77 1.04 0.82-1.33
13813 52 0.74 0.56-0.99
21197 98 091 0.73-1.14
69753 358 1.00 referent
19671 107 1.06 0.85-1.31
13422 71 1.03 0.80-1.33

All analyses stratified by birth cohort.
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Association per 0.5 change in height z-score from 7 to 13 years and risk of testicular germ cell tumors

Table 4

HR
TGCT 0.96
Seminoma 0.92

Nonseminoma  1.01

95% ClI

0.82-1.11
0.76 - 1.12
0.80-1.28

*
All analyses stratified by birth cohort.
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