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ABSTRACT

Background Early orchidopexy is recommended for
cryptorchidism and the surgery is increasingly centralised.
The objectives were to determine the incidence, risk
factors and if distance to treating hospital impacted on
timely treatment of cryptorchidism.

Methods In this observational study, all boys born in
Sweden from 2001 to 2014 were followed in national
registers to determine the incidence of cryptorchidism by
levels of birth-related risk factors and social determinants.
Travel time to hospital was used as the primary exposure
in multivariable survival analysis, with age at surgery as
main outcome.

Results 0f 748 678 boys at risk for cryptorchidism,
7351 were treated and evaluated for timing of surgery
(cumulative childhood incidence 1.4%, 95% Cl 1.3%

to 1.5%). The incidence was clearly associated with
prematurity and overdue pregnancy (HR for <32 weeks
2.77 (95% Cl 2.39 to 3.21); 32—-36 weeks HR 1.36 (95% Cl
1.24 10 1.49); >41 weeks HR 1.19 (95% Cl 1.10 to 1.29)),
low birth weight (<1000 g HR 3.94 (95% Cl 3.15 to0 4.92);
1000-1499 g HR 3.70 (95% CI 3.07 to 4.46); 15002500
g HR 1.69 (95% Cl 1.52 to 1.88)) and intrauterine growth
restriction (small for gestational age HR 2.38 (95% Cl 2.14
to 2.65); large for gestational age HR 1.26 (95% Cl 1.13
to 1.42)), but not with smoking or maternal age. Each 30
min increase in travel time was associated with a reduced
probability of timely treatment (HR for being treated

by age 3 adjusted for risk factors and socioeconomic
determinants: 0.91 (95% Cl 0.88 to 0.95)). Lower income
and financial support were also associated with treatment
delays (adjusted HR for lowest income quintile 0.82 (95%
Cl 0.72 to 0.93) and for families with financial support 0.85
(95% Cl 0.73 t0 0.97)).

Conclusions Travel distance to treating hospital was
associated with delayed treatment. ‘Not all those who
wander are lost’, but these findings suggest a trade-off
between centralisation benefits and barriers of geography
also in elective paediatric surgery.

INTRODUCTION

Cryptorchidism is the most common genital
anomaly in boys, with a reported prevalence
of 1.0%-10.7%, depending on population
and risk group.'™ Normal testicular descent
is completed in the third trimester and there
is limited advancement 6 months after birth.

,"2 Sanna Bergbrant,? Andreas Persson,** Jonas Bjork,*®

What is known about the subject?

» Cryptorchidism should be treated with early correc-
tive surgery, preferably before 18 months of life, to
avoid complications such as malignancy and infer-
tility later in life.

» Risk factors for disease include prematurity and low
birth weight.

» Paediatric anaesthesia for young children is in-
creasingly centralised to tertiary centres, while older
children can be treated in hospitals closer to where
families live.

What this study adds?

» The age at surgery varied with travel time to the
hospital, with less chance of timely treatment for
those living further from the hospital.

» These results imply a trade-off between centralisa-
tion benefits and geographical access to healthcare.

» Lower income and financial support were associated
with treatment delays.

Cryptorchid testicles are associated with
impaired semen quality, reduced fertility
and increased risk of testicular malignancies
later in life,7_11 and for these reasons most
guidelines and screening programmes aim
for diagnosis and treatment at 6-18 months
of age."*" Risk factors include preterm birth,
low birth weight and intrauterine growth
restriction, ** 17 and genetic or environ-
mental factors may explain some differ-
ences in prevalence in various populations.'®
Recent studies have suggested that maternal
smoking and obesity add to this risk, even if
such studies have not considered the explan-
atory effect of prematurity-related risk factors
on the common pathway to disease.'® ' A
few epidemiological studies have claimed
that socioeconomic background, rurality and
insurance status are associated with delayed
treatment.? 20 2! However, these studies were
either based on population aggregates or
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averages for area of residence rather than individual-level
data, or have not shown any clear association with the risk
for delay.”**

In Sweden, like many other countries, neonatal surgery
and anaesthesia are increasingly centralised to improve
surgical outcomes for rare diseases and for the safety of
anaesthesia to the youngest.”> Current guidelines for the
Nordic countries recommend treatment for congenital
cryptorchidism to be performed at specialised paediatric
surgery departments at 6-12 months of age,'” but only
a small minority of boys with cryptorchidism are treated
at that age.* It is unclear to what extent the centralisa-
tion of paediatric surgical care has become a barrier for
children with less complicated conditions living far away,
and if families tend to wait until their local hospital can
help them. No study has investigated how travel time or
distance to treatment impacts on delay and timing of
surgery for cryptorchidism.

We performed a 14-year national register-based
prospective cohort study for all boys in Sweden, with
inclusion of individual-level medical and socioeconomic
risk factors. The aim of this total population study was to
determine incidence and risk factors for cryptorchidism,
and to investigate the association between travel time to
hospital and age at treatment, adjusted for medical and
socioeconomic background.

PATIENTS AND METHODS

Study design and study population

This was a total population study of retrospective longi-
tudinal register data. All boys born in Sweden from 1
January 2001 until 31 December 2014 were eligible for
inclusion. Study subjects were followed in national health-
care and administrative registers from birth, and they
contributed until 31 December 2014 unless censored
due to migration, death or outcome. Excluded were chil-
dren with comorbidities that were likely to influence the
standard or timing of surgical treatment (as determined
by the EUROCAT list of minor malformations, n=607).*°
Due to the study design, study subjects were not involved
in the planning or conduct of the study.

Settings

The Swedish welfare system covers all citizens, and paedi-
atric healthcare is free of charge, with no direct out-of-
pocket expenses.”’ Screening for cryptorchidism was
performed at birth, and at 6 and 18 months of age, as
part of the regular healthy child check-ups performed
by paediatricians or general practitioners with paedi-
atric interest. Cryptorchidism is treated with an elective
surgical procedure, usually performed under general
anaesthesia and inguinal nerve block. According to
national guidelines, children younger than 12 months
should be referred to a dedicated paediatric surgery
unit for safe anaesthesia and surgery.”” The median age
at surgery among Swedish boys has previously been esti-
mated to decrease from just over 6 years in 2001, to just

over 3yearsin 2014, and the prevalence of cryptorchidism
treatment was stable throughout the study period.*

Primary and secondary outcomes

Primary outcome was occurrence and age at surgery for
cryptorchidism, and secondary outcome was occurrence
and age when diagnosis was first suspected. Date of birth
was adjusted for preterm delivery by adding days up to
40 weeks’ pregnancy. Age at surgery was determined
by the date of surgery. The International Classification
of Diseases, version 10 (ICD-10) and Nordic Medico-
Statistical Committee Classification of Surgical Proce-
dures were used throughout the study period for coding
of diseases and procedures.*® Cryptorchidism was defined
by any ICD-10 code Q53.0-9 or Q55.0-1 and surgery for
cryptorchidism was defined by any of the procedures
KFHO00, KFH10, JAHO1, KFC00, KFC96 or KFD00 added
to the ICD code.

Exposure, risk factors and socioeconomic determinants
Primary exposure was travel time to treating hospital.
The most time-efficient way from the population centroid
(ages 0-18 years) of each patient’s area of residence
(small area of market studies) at the time of birth to the
geocoordinates of the treating hospital was estimated,
considering speed limitations, stop signals, left turns and
right turns as they were at the year of birth, and reported
in minutes as a continuous variable. Medical risk factors
were length of pregnancy (<32 weeks, 32-36 weeks, 3741
weeks, >42 weeks), birth weight (<1000 g, 1000-1499 g,
1500-2499 g, 2500-4200 g, >4200 g), size for gestational
age (small, average or large for gestational age), maternal
age and smoking status during pregnancy (no smoking,
1-9 cigarettes/day or >9/day). Socioeconomic determi-
nants included educational level of parents, unemploy-
ment, income, social transfers and place of birth. The
highest achieved education within the family was catego-
rised either as the completion of compulsory school (<10
years), high school (<13 years) or higher education (>12
years). Unemployment was defined as any parent being
registered in the Swedish Unemployment Service 1 year
prior to inclusion. Income was determined by the sum
of the parents’ income after taxations and transfers the
year prior to inclusion, to avoid the influence of parental
leave on income, and families were categorised in annual
income quintiles to adjust for inflation and shifts in
taxation and regulations. Social transfers included any
governmental financial support the year prior to inclu-
sion. Parents were categorised as being born either in
Sweden or elsewhere, and the child could have two, one
or no Swedish-born parent.

Data sources and data validity

The study population was identified in the Swedish
Medical Birth Register (MBR).? Birth characteristics
were collected from the MBR, and medical records were
retrieved from the Swedish National Patient Register
(NPR). MBR covers all births in Sweden and NPR covers
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>99% of inpatient care and 80%-86% of specialised
outpatient care including day surgery in private and
public hospitals during the study period.”*' The Swedish
Multi-Generation Register was used to identify parents in
the cohort, and socioeconomic information and parental
place of residence were retrieved from the Longitudinal
Integration Database for Health Insurance and Labour
Market Studies.” ** The Register of the Total Population
(Statistics Sweden) provided information on parents’
migration status.”* Annual data on the Swedish roads and
infrastructure were collected from the Sweden’s National
Road Database.”

Statistical analysis

Descriptive statistics presents the cohort’s independent
variables as distributed by levels of primary exposure.
As we regarded the study population to be restricted
in time and space, CIs and p values were reported as
measures of the statistical uncertainty. The cumulative
incidence and timing of cryptorchidism diagnosis and
treatment were reported as percentages and presented
in Kaplan-Meier curves and assessed by log-rank test. P
values obtained by [-tests assessed the overall contribu-
tion of each categorical variable included in the regres-
sion models. HRs of each risk factor, adjusted for study
year and socioeconomic determinants, were obtained by
Cox regression and reported with 95% Cls. As primary
exposure was applicable only for subjects with surgical
treatment, a Cox regression model was designed to assess
for treatment delay in the subcohort of treated children,
with adjustment for year of birth, risk factors and socio-
economic determinants. Time of censoring was set to 3
years of age; an age cut-off chosen as cases of congenital
cryptorchidism should have been identified and treated
and acquired cryptorchidism should still have limited
influence. To assess robustness of results, alternative
censoring at 2 and 5 years of age was applied as well.
Similarly, travel time was also categorised and included in
the model on the nominal scale as a sensitivity analysis of
main associations. To assess sensitivity to uncaptured non-
linearity in main associations of travel time, continuous
variables were also analysed with cubic splines and [“test,
and the overall contribution of the variable to the model
was assessed with [“test. All multivariable Cox regression
models were stratified on healthcare region of residence,
in order to adjust for clustered data.

Software

ArcGIS V.10.2 (Environmental Systems Research Insti-
tute of Redlands, California) was used to calculate travel
times and STATA/SE V.14.1 for Windows was used for
statistics.”®

RESULTS

Cumulative incidence and timing surgery

Of 748 678 boys, 7351 were treated for cryptorchidism
and evaluated for timing of surgery (figure 1). The

Exposure: 748,678 boys
Birth-related risk factors born in Sweden 2001-2014

Diagnosed with cryptorchidism
N=12,239

Excluded

No surgery (n = 4260)
Comorbidity (n = 607)
Migration (n =21)

Travel time Primary outcome:

age at surgery

Final study population
N=7351

Figure 1 Inclusion and exclusion of Swedish children
diagnosed and treated for cryptorchidism.

cumulative incidence of surgically treated cryptorchidism
in the oldest birth cohort (2001-2002, followed until 14
years of age) was 1.4% (95% CI 1.3% to 1.5%). The esti-
mated travel time from place of residence to treating
hospital was 36 min in mean (SD 58 min) and 20 min
in median (IQR 11-38 min). More children travelled
longer to the treatment later in the study period (online
supplemental eTable 1), and there was also a trend
towards earlier diagnosis and treatment later in the study
period, in particular after the introduction of national
guidelines in 2007 (p<0.001, figure 2A and online supple-
mental eFigure 1).

Risk factors for cryptorchidism

Prematurity and overdue pregnancy were associated with
increased incidence of disease (adjusted for year of birth:
<32 weeks HR 2.77 (95% CI 2.39 to 3.21), p<0.001; 32-36
weeks HR 1.36 (95% CI 1.24 to 1.49), p<0.001; >41 weeks
HR 1.19 (95% CI 1.10 to 1.29), p<0.001, figure 2B), as
were low birth weight (adjusted for year of birth: <1000
g HR 3.94 (95% CI 3.15 to 4.92), p<0.001; 1000-1499
g HR 3.70 (95% CI 3.07 to 4.46), p<0.001; 1500-2500
g HR 1.69 (95% CI 1.52 to 1.88), p<0.001; >4200 g HR
1.05 (95% CI 0.99 to 1.13), p=0.12, figure 2C) and intra-
uterine growth restriction (adjusted for year of birth:
small for gestational age HR 2.38 (95% CI 2.14 to 2.65),
p<0.001; large for gestational age HR 1.26 (95% CI 1.13
to 1.42), p<0.001, figure 2D). Maternal age and smoking
status were not associated with the incidence (log rank
test p=0.42 and p=0.19, respectively). These results were
robust in bivariate models with adjustment for year of
birth (online supplemental eFigure 2), and in a mult-
variable model with adjustment for socioeconomic
confounders (figure 3).

Association between travel distance and timing of treatment

The unadjusted association between travel distance and
timing of treatment is presented in online supplemental
eFigure 3. Bivariate associational estimates of travel time
and of each socioeconomic variable, with adjustment for
year of birth only, are presented in online supplemental
eFigure 4. In the multivariable analysis, the probability of
timely surgery decreased by each 30 min increase in travel
time (adjusted HR 0.91 (95% CI 0.88 to 0.95), p<0.001;
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Figure 2 Cumulative incidence of surgery for
cryptorchidism among 748 678 Swedish boys, by year of
birth and risk factors. Follow-up was until end of 2014. Note
different scales on vertical axis in (A) and (B)-(D). (A) Age at
treatment for 2-year birth cohorts. There was a shift towards
earlier treatment after the introduction of Nordic guidelines

in 2007. Note the biphasic shape of the curve, indicating an
early peak incidence, and a second incidence peak in early
school age. (B) By birth week. (C) By birth weight. (D) By size
for gestational age.

Treated for cryptorchidism Incidence Relative incidence Hazard ratio (95% P-value
by age 14 n (%) Lower Higher i interval)
Length of pregnancy (week) <0.001
<32 182 (2.6) —8—  2.36(1.97t02.82)

32-36 494 (1.3) - 1.32 (1.20 to 1.46)

37-41° 6021 (0.9) [] 1

>41 646 (1.1) - 1.18 (1.09 to 1.29)
Size for gestational age <0.001

Small 355 (2.2) - 2.10 (1.87 t0 2.37)

Average? 6684 (1.0) [ ] 1

Large 312(1.2) - 1.34(1.19t0 1.51)
Maternal smoking during 0.14
pregnancy

No smoking? 6142 (1.0) s 1

1-9 cigarettes per day 471(1.1) - 1.10 (0.99 to 1.22)

>9 cigarettes per day 188 (1.1) e 1.07 (0.92 to 1.26)
Maternal age at birth 0.61
(years)

<20 130 (1.1) R 1.08 (0.86 to 1.36)

20-24 971 (1.0) - 0.97 (0.88 to 1.05)

25-29 2149 (1.0) - 0.97 (0.91 to 1.03)

30-34° 2575(1.0) " 1

35-39 1291 (1.0 - 0.99 (0.92 to 1.06)

>39 235(0.9) =l 0.90 (0.78 to 1.04)

0.5

* Reference category chosen as bascline in the regression analysis.

Figure 3 Childhood incidence (ages 0-14 years) and HRs
of surgery for cryptorchidism, by medical risk factors. Effect
estimates from multivariable Cox regression model adjusted
for year of birth, and socioeconomic determinants including
highest education, unemployment, income, financial support
and number of parents born in Sweden.

Treated for cryptorchidism at age 3 years Timing of treatment Hazard ratio (95% P-value

Later  Earlier i interval)
Travel time to treating hospital
By each 30-minute increase - 0.91(0.88 to 0.95) <0.001
Education (years) 0.64
>12°2 [ ] 1
10-12 — 0.97 (0.90 to 1.04)

<10 —_—— 0.99 (0.82 to 1.20)
Employment 0.19
Yes? [} 1
Unemployment —T - 0.93 (0.84 to 1.03)
Income (quintiles) <0.001
Q5, highest income? [ | 1
Q4 —a 0.88(0.79 to 0.97)
a3 —a 0.80(0.72 to 0.89)
Q2 — 0.90 (0.81 to 1.00)
Q1, lowest income — 0.82(0.72 to 0.93)
Financial support 0.02
No support? | ] 1
Support —_—— 0.85(0.73 t0 0.97)
Parents born in Sweden 0.46
Two? n 1
One —. 1.06 (0.96 to 1.17)
None —1— 1.04(0.93 to 1.16)

0.7

2 Reference category chosen as baseline in the regression analysis.

Figure 4 HR of having had surgery at 3 years of age among
boys treated for cryptorchidism, by travel time to treating
hospital and socioeconomic determinants. Multivariable

Cox regression model adjusted for year of birth and medical
risk factors (birth week, size for gestational age, maternal
smoking and age).

figure 4). Whereas high income (p=0.001) and absence
of social security support (adjusted HR 0.85 (95% CI 0.73
to 0.97), p=0.02) were associated with increased rate of
surgical treatment before age of 3 years, no such asso-
ciations were seen by levels of education, employment
or parental migration status (figure 4). The association
between travel distance to hospital and treatment age did
not change substantially in any of the performed sensi-
tivity analyses (online supplemental appendix pages 7-9,
eFigures 5-7).

DISCUSSION

In this national birth cohort study of all Swedish-born
boys, cumulative incidences of cryptorchidism were
determined for established risk factors of disease. The
incidence by 14 years of age was 1.4%. Travel distance to
the treating hospital was clearly associated with treatment
delay, also when medical and socioeconomic factors were
adjusted for.

These results underline the considerable national
public health implications of screening and treating
cryptorchidism in boys, and confirm a remarkable
increase in risk for boys born prematurely, with low birth
weight or with diverging size for gestational age. The
association between travel time and delayed treatment
may appear counterintuitive for a non-emergent condi-
tion like cryptorchidism. It is possible, however, that
some parents could hesitate to accept a long-distance
referral with their infant child, or that the result reflects
a guideline-awareness gradient within the healthcare
system. Regardless, the association delineates a trade-off
between centralisation benefits and geographical access
in elective surgery for children. Meanwhile, surgical care
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in general, and paediatric surgery in particular, is increas-
ingly centralised; these findings address potential prob-
lems with this transition.

The incidences and risk stratification by medical birth
determinants reported here are in line with previous
studies." '® ' The biphasic pattern of the cumulative
incidence seen in figure 2A indicates a second incidence
peak in early school age, presumably representing a mix
of acquired cryptorchidism and late detected congenital
cases. This finding is in line with earlier observations,
even if reliable differentiation between acquired and
late detected congenital cryptorchidism is not possible
from these data.* ** However, maternal smoking during
pregnancy did not add to the risk in our analysis, and
the recently reported association of smoking on cryptor-
chidism risk may have been mediated by imbalances in
established birth-related risk factors."

Earlier studies have suggested associations between
rural area of residence and treatment delays in crypt-
orchidism. However, these studies were either based on
population aggregates or averages for area of residence
rather than individual-level data, or have not shown any
clear association with the risk for delay.” *”*** One study
has reported increasing waiting times for paediatric
surgery in general among patients living further from
hospital.’” This study confirms that the patient’s travel
time to elective care, when adjusted for individual-level
socioeconomic determinants, does relate to timely treat-
ment. Interestingly, in this context, increasing travel
distance was not associated with adverse outcome in
paediatric appendicitis, which may reflect the generally
shorter distances to emergency hospitals.” A few studies
of cryptorchidism, in various healthcare systems and
populations, have reported treatment delays for children
with worse insurance status or lower average income and
education in neighbourhood area of residence.” *! This
effect seems context specific, as indicated by a Canadian
study showing that average deprivation status and income
level in area of residence did not associate with treatment
delays in paediatric surgery in general.”” In comparison,
high family income does seem to increase the proba-
bility to be treated timely within the Swedish healthcare
system. Overall, however, socioeconomic background
seems to be a relative week predictor of treatment delay
in Sweden.

Limitations

This study was based on individual-level healthcare data
and administrative records of a national population of
children with free access to care. Consequently, the risk
for selection bias due to a diversified healthcare system or
financial barriers was reduced to a minimum. However,
residual selection bias due to referral propensity based
on age cannot be ruled out. Further, distinction between
congenital and acquired cryptorchidism could not be
done, which relates to the interpretation of the cumula-
tive incidence. Due to the study design, causality cannot
be claimed. In addition, associations could be susceptible

to unmeasured confounding. However, the susceptibility
to uncaptured non-linear trends due to the categori-
sation of variables is likely low, as the main association
was unchanged regardless of how continuous variables
were treated in the regression model. The accuracy of
the administrative registers is expected to be high, yet it
is possible that a hidden skewness exists, and most likely
such effect would dilute the observed effects. The data
sources could not provide adequate data on referral
times and waiting times for surgery, and even if date of
surgery is considered a reliable outcome measure of
treatment delay, deeper understanding of this concept
would require a more detailed analysis of the chain of
care between screening and surgery. A strength of this
study is that travel time to the treating hospital was meas-
ured continuously for each treated individual in this
cohort. Travel time may be a more realistic measure of
geographic access than measures of distance. Yet these
are estimates, not exact travel times, as the trip originated
at the population centroid of the area of residence rather
than the exact home address. Further, a bias may have
been introduced in these calculations as all families were
expected to have access to a motor vehicle for transpor-
tation, even if this might have varied between socioeco-
nomic strata.

CONCLUSION

This study confirms that the cryptorchidism incidence
among boys is tightly linked to prematurity, low birth
weight and size for gestational age. The association
between travel time to hospital and access to timely treat-
ment for elective surgery in children was measured, with
adjustment for socioeconomic determinants on indi-
vidual level. We conclude that increased travel time was
associated with delayed treatment.
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