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Risk Factors for Cardiovascular Disease in 5-Year Survivors of 
Adolescent and Young Adult Cancer: A Danish Population-Based 

Cohort Study
Sofie de Fine Licht, PhD1; Maja V. Maraldo, PhD2; Lena Specht, DMSc2; Thomas T. Nielsen, MSc1;  

Jeanette F. Winther, DMSc1,3; and Kathrine Rugbjerg, PhD 1

BACKGROUND: An increased risk of metabolic syndrome has been reported for childhood cancer survivors and for adult survivors with 

certain cancer types. One previous study reported on the risk for diseases in the metabolic syndrome specifically among survivors of 

adolescent and young adult cancers. METHODS: The study comprised 11,822 five-year survivors of adolescent and young adult cancer 

(ages 15-39 years at diagnosis) who were diagnosed during the period from 1994 through 2009 in Denmark and a population-based 

comparison cohort of 76,024 individuals. The cohorts were linked to Danish nationwide registries for information on hospital contacts 

and purchase of prescription drugs related to metabolic syndrome, respectively. Standardized rate ratios (RRs) for hospital contacts 

(SHRRs) and prescriptions (SPRRs) with 95% CIs were calculated for diabetes, hyperlipidemia, and hypertension. RESULTS: Survivors 

had increased risks for hospital contacts and prescriptions for diabetes (SHRR, 1.21; 95% CI, 1.03-1.43; SPRR, 1.08; 95% CI, 0.96-1.23),  

hyperlipidemia (SHRR, 1.18; 95% CI, 1.00-1.40; SPRR, 1.16; 95% CI, 1.08-1.25), and hypertension (SHRR, 1.27; 95% CI, 1.15-1.41; SPRR, 1.25; 95% 

CI, 1.20-1.31). The highest risks for hospitalizations were among survivors of brain cancer (RR, 2.94 for diabetes) and Hodgkin lymphoma 

(RR, 2.40 for diabetes). Survivors of brain cancer and Hodgkin lymphoma were most likely to purchase prescription drugs for diseases in 

metabolic syndrome. CONCLUSIONS: Survivors of adolescent and young adult cancer are at increased risk of hospital contacts and pur-

chase of prescription drugs for diseases in metabolic syndrome. Survivors at high risk should be followed closely to improve prevention,  

early detection, and management of these diseases to ultimately minimize the risk of cardiovascular diseases. Cancer 2020;126: 

659-669. © 2019 American Cancer Society. 
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INTRODUCTION
Cardiac late effects in cancer survivors may arise not only from the direct toxicity of cancer treatment but also indirectly 
from treatment-induced changes in endocrine and metabolic functions, which may give rise to risk factors for cardiovas-
cular diseases.1 Cardiovascular risk factors cluster into the “metabolic syndrome,” which is characterized by abdominal 
obesity, insulin resistance, dyslipidemia, and hypertension.2 Increased risks for metabolic syndrome or its components 
have been reported in survivors of childhood cancer,3,4 testicular cancer,5-7 breast cancer,8 and hematologic cancers9 and 
in those who were treated with stem cell transplantation.10 In a recent study in Finland, the purchase of drugs associated 
with metabolic syndrome was investigated in survivors of early-onset cancer. The study showed that cancer survivors more 
often purchased medication for diseases associated with metabolic syndrome than their siblings.11 In the current study, we 
report on both hospital contacts and purchase of prescription drugs associated with metabolic syndrome among survivors 
of adolescent and young adult cancer and compare such events with those in a subset of the general population. The study 
period was from 1995 through 2015.

MATERIALS AND METHODS
All citizens of Denmark are assigned a unique, 10-digit, civil personal registration number at birth or immigration by 
the Danish Civil Registration, which also includes information on immigrations, emigrations, and death.12 This unique 
number enables linkages of data held in the nationwide registries that were used in the current study, namely, the Danish 
Civil Registration System, the Danish National Patient Register, and the Danish National Prescription Registry.
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Identification of Cohorts
The Danish Cancer Registry was initiated in 1943, and 
registration of cancers has been mandatory since 1987.13 
From the Danish Cancer Registry, we identified 16,162 
five-year survivors of adolescent or young adult cancer 
(ages 15-39  years at cancer diagnosis) who were diag-
nosed in the period from January 1, 1994 to December 
31, 2009. For each cancer survivor, 5 population-based 
comparison individuals of the same sex and year of birth 
were chosen randomly from the Danish Civil Registration 
System.12 Individuals who were eligible for the compari-
son cohort were alive and free of cancer 5 years after the 
date of their corresponding survivor’s cancer diagnosis. 
Cancer survivors who emigrated within 5 years of their 
cancer diagnosis, or on a corresponding date for those in 
the comparison cohort, were excluded.

The Danish National Patient Register
The survivor and comparison cohorts were linked to the 
records of the Danish National Patient Register,14 which 
contains records for all admissions to public hospitals in 
Denmark since January 1, 1977; for each admission, a pri-
mary diagnosis and up to 19 secondary diagnoses are reg-
istered. Information on outpatient visits and contacts with 
private hospitals has been included since January 1, 1995 
and January 1, 2002, respectively.14 Study participants with 
congenital malformations or chromosome abnormalities 
were identified in the Patient Register and excluded because 
of a potential confounding association between these condi-
tions and the outcomes of the current study (Fig. 1). Cancer 
survivors and individuals in the comparison cohort who 
had hospital contacts for diabetes, hyperlipidemia, or hy-
pertension before their cancer diagnosis were also excluded.

The Danish National Prescription Registry
The Danish National Prescription Registry contains infor-
mation on all prescription drugs dispensed to individuals 
at Danish community pharmacies since 1995; electronic 
registration is mandatory for the pharmacies.15 For the 
current study, we excluded cancer survivors and individu-
als in the comparison cohort who had filled prescriptions 
for drugs against diabetes, hyperlipidemia, and hyperten-
sion before their cancer diagnosis. After these exclusions, 
11,822 survivors of adolescent and young adult cancer and 
76,024 individuals in the comparison cohort fulfilled the 
criteria for inclusion in the study (Fig. 1). Table 1 shows 
the characteristics of the cancer survivor cohort.

Outcomes
During follow-up, we identified diagnoses of diabetes, 
hyperlipidemia, and hypertension made at inpatient and 

outpatient visits to hospitals. Primary and secondary di-
agnoses of diabetes, hyperlipidemia, and hypertension 
were considered equally valid as measures of the existence 
of these diseases and were included in the current study. 
The specific diagnoses and corresponding International 
Classification of Diseases (ICD) codes are listed in Table 2. 
We sought information on prescriptions for drugs for the 
treatment of diabetes, hyperlipidemia, and hypertension 
purchased during the follow-up period. The drugs and 
the corresponding Anatomical Therapeutic Chemical 
codes are listed in Table 2.

Statistical Analyses
Follow-up started 5 years after cancer diagnosis or on the 
corresponding date for individuals in the comparison  
cohort and ended on the date of death, emigration, diag-
nosis of a second cancer for cancer survivors, diagnosis of 
a first cancer for individuals in the comparison cohort, or 
the end of the study on December 31, 2015, whichever 
came first. Rates of hospital diagnoses and purchased drugs 
in the cohort of survivors of adolescent and young adult 
cancer were compared with the age-specific, sex-specific,  
and calendar year-specific rates in the population-based 
comparison cohort. Standardized rate ratios (SRRs) were 
estimated by comparing the observed rate of diagnosis of 
1 of the selected diseases at hospital or purchase of 1 of 
the selected drugs by cancer survivors (Table 2) with the 
expected rate, which was based on diagnoses and purchase 
of drugs in the comparison cohort. Corresponding 95% 
CIs were determined on the basis of Poisson distribution. 
In estimating the risks for diabetes, hyperlipidemia, and 
hypertension (hospital diagnosis or purchase of prescribed 
drug), 1 person counted only once even if they had sev-
eral hospital diagnoses for 1 of the diseases. Absolute  
excess rates with corresponding 95% CIs were calculated 
as the difference between the observed rates (for survi-
vors) and the expected rates (for the comparison cohort) 
per 100,000 person-years. The analyses were stratified on 
sex, type of cancer, age at cancer diagnosis, and attained 
age to evaluate the impact of these factors on the risks 
of diabetes, hyperlipidemia, and hypertension. Thus, the 
survivors included in each category of attained age were 
those who fulfilled the criteria for entry into the respec-
tive age categories.

RESULTS
We studied 11,822 survivors of adolescent or young 
adult cancer (43% men) who were diagnosed during 
the period from 1994 through 2009. Table 1 shows the 
characteristics of the cohort. The comparison cohort 
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Figure 1. This flow chart illustrates exclusions from the cohort of survivors of cancers diagnosed in adolescence or young adulthood 
and exclusions from the population-based comparison cohort. ICD-8 and ICD-10 indicate International Classification of Diseases 8th 
and 10th revisions, respectively.
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consisted of 76,024 people from the general popula-
tion (44.2% men). The mean follow-up was 8.3 years 
(range, 0-17 years) for survivors and 8.9 years (range, 
0-17  years) for the comparison cohort. Of the survi-
vors, 38% were followed for ≥10 years, and 11% were 
followed for ≥15 years; the corresponding percentages 
for individuals in the comparison cohort were 43% and 
12%, respectively.

Hospital Contacts
Survivors of adolescent and young adult cancer were at 
increased risk of a hospital contact for diabetes (hospital 

contact SRR, 1.21; 95% CI, 1.03-1.43) and hyperten-
sion (hospital contact RR, 1.27; 95% CI, 1.15-1.41) 
compared with individuals in the population-based com-
parison cohort (Table 3). The absolute excess rates indi-
cated that survivors had 31 more hospital contacts for 
diabetes and 95 more hospital contacts for hypertension 
per 100,000 person-years than individuals in the popu-
lation-based comparison cohort (data not shown). Only 
men had significantly increased risks of hospitalization for 
diabetes (RR, 1.40; 95% CI, 1.12-1.74); and, for hyper-
tension, both men and women had significantly increased 
risks (men: RR, 1.41; 95% CI, 1.21-1.65; women: RR, 

TABLE 1. Characteristics of the Cohort of Adolescents and Young Adult 5-Year Survivors of Cancer 
Diagnosed at Ages 15 to 39 Years in Denmark During the Period From 1994 Through 2009

Characteristic

Both Sexes Men Women

No. % No. % No. %

Total 11,822 100.0 5088 43.0 6734 57.0
Age at cancer diagnosis, y            

15-19 662 5.6 388 7.6 274 4.1
20-24 1163 9.8 621 12.2 542 8.0
25-29 2204 18.6 1021 20.1 1183 17.6
30-34 3395 28.7 1472 28.9 1923 28.6
35-39 4398 37.2 1586 31.2 2812 41.8

Calendar period of cancer diagnosis            
1994-1999 4533 38.3 1999 39.3 2534 37.6
2000-2004 3631 30.7 1514 29.8 2117 31.4
2005-2009 3658 30.9 1575 31.0 2083 30.9

Highest level of education achieveda            
Short 1731 14.6 845 16.6 886 13.2
Medium 5309 44.9 2496 49.1 2813 41.8
Long 4566 38.6 1682 33.1 2884 42.8
Unknown 216 1.8 65 1.3 151 2.2

Type of cancerb            
Malignant melanoma of skin 2304 19.5 730 14.3 1574 23.4
Testicular cancer 2172 18.4 2172 42.7    
Breast cancer 1441 12.2 7 0.1 1434 21.3
Cervical cancer 1356 11.5     1356 20.1
Brain cancer 812 6.9 400 7.9 412 6.1
Hodgkin lymphoma 589 5.0 335 6.6 254 3.8
Non-Hodgkin lymphoma 393 3.3 238 4.7 155 2.3
Thyroid cancer 383 3.2 83 1.6 300 4.5
Spinal cord, cranial nerves, and other and unspecified parts of the CNS 259 2.2 136 2.7 123 1.8
Cancer of other connective tissue 209 1.8 86 1.7 123 1.8
Other types of cancerc 1904 16.1 901 17.7 1003 14.9

Type of censoring            
Death 699 5.9 271 5.3 428 6.4
Emigration 233 2.0 137 2.7 96 1.4
Disappeared or no records in the Danish Civil Registration System 11 0.1 7 0.1 4 0.1
Diagnosis of a second cancer 491 4.2 161 3.2 330 4.9
End of follow-up (December 31, 2015) 10,388 87.9 4512 88.7 5876 87.3

Abbreviations: CNS, central nervous system; ICD-10, International Classification of Diseases, 10th revision.
aThe highest level of education achieved in the follow-up period is shown. “Short” indicate mandatory school, corresponding to a maximum length of education of 
7 years for persons born before January 1, 1958, and 9 years for persons born at or after this date; “medium” indicates secondary school and vocational educa-
tion, which approximates to a maximum of 10 to 12 years of schooling; “long” indicates short-term, medium-term, or long-term higher education, approximately 
>12 years of education; “unknown” indicates that no records exists in the Danish education registries.
bThe following ICD-10 codes were used: malignant melanoma of skin, C43; testicular cancer, C62; breast cancer, C50; cervical cancer, C53; brain cancer, C71, 
C751-C753, D330-D332, D430-D432, D352-D354, and D443-D445; Hodgkin lymphoma, C81; non-Hodgkin lymphoma, C82-C85 and C883-C889; thyroid cancer, 
C73; spinal cord, cranial nerves, and other and unspecified parts of the CNS, C72, D333-D339, and D433-D439; cancer of other connective tissue, C49, C461, 
C463, C467, C468, C469, and B210.
c“Other types” of cancer include all other types of cancer. The 11th to 20th most common cancers in adolescents and young adults were ovary; colon; myeloid 
leukemia; meninges; urinary bladder; bones, joints, and articular cartilage; rectum; lymphatic leukemia; lung, bronchus, and trachea; and kidney.
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1.17; 95% CI, 1.02-1.34) (Table 3). Figure 2 shows the 
hospital contact SRRs (Fig. 2A-C) and the prescription 
SRRs (Fig. 2D,E) by years since cancer diagnosis.

Purchase of Prescription Drugs
Survivors of cancer purchased significantly more prescrip-
tion drugs for hyperlipidemia (RR, 1.16) and hyperten-
sion (RR, 1.25) than individuals in the population-based 
comparison cohort (Table 4). Male survivors purchased 
more drugs for all 3 diseases than males in the population-
based comparison cohort, with the highest RR for anti-
hypertensives (RR, 1.36; 95% CI, 1.27-1.47) (Table 4). 
Female survivors purchased more drugs against hyperlipi-
demia (RR, 1.13; 95% CI, 1.02-1.26) and hypertension 
(RR, 1.19; 95% CI, 1.13-1.26) than females in the com-
parison cohort (Table 4).

Age at Cancer Diagnosis
When the cancer survivor cohort was stratified accord-
ing to age at cancer diagnosis, there was a tendency  
toward higher RRs for hospital contacts among survivors 
of cancer diagnosed at the youngest ages (15-29 years at 
cancer diagnosis: range of RR for diabetes, 1.30-1.69; RR 
for hyperlipidemia, 1.51 [only 1 estimate]; range of RR 
for hypertension, 1.54-2.11) compared with older age 
groups (ages 30-39 years at cancer diagnosis: range of RR 

for diabetes, 1.08-1.24; range of RR for hyperlipidemia, 
1.11-1.17; range of RR for hypertension, 1.11-1.33) 
(Table 3). Also, for the purchase of prescription drugs, 
we saw that survivors who were diagnosed at ages 15 to 
29 years tended to have slightly higher risks (range of RR 
for diabetes, 0.89-1.04; range of RR for hyperlipidemia, 
0.84-1.38; range of RR for hypertension, 1.16-1.35) than 
those diagnosed at ages 30 to 39 years (range of RR for 
diabetes, 1.08-1.21; range of RR for hyperlipidemia, 1.12-
1.25; range of RR for hypertension, 1.12-1.30) (Table 4).

Attained Age
For cancer survivors, the RR of hospital contact for dia-
betes, hyperlipidemia, and hypertension was increased 
at attained ages between 20 and 59 years compared with 
individuals in the population-based comparison cohort 
(range of RR for diabetes, 1.04-1.75; range of RR for  
hyperlipidemia, 1.14-1.26; range of RR for hypertension, 
1.06-2.22) (Table 3). Only a few of these risk estimates 
were significantly increased (Table 3). The RRs of pur-
chasing drugs for treatment of hyperlipidemia and hyper-
tension were increased for all attained ages (range of RR 
for hyperlipidemia, 1.13-2.36; range of RR for hyperten-
sion, 1.11-1.81) (Table 4). The relative risks of purchas-
ing drugs for the treatment of diabetes were increased for 
survivors with attained ages from 20 to 49 years (Table 4).

TABLE 2. Diagnoses and Medications Related to Risk Factors for Metabolic Syndrome; Diagnoses Listed 
With Codes According to the International Classification of Diseases, Versions 8 and 10, and Prescription 
Drugs Listed With the Codes of the Anatomical Therapeutic Chemical Classification System

Disease Diagnosis ICD-8 Code ICD-10 Code

Diabetes Insulin-dependent diabetes mellitus (type 1) 249 E10
  Noninsulin-dependent diabetes mellitus 250.00-250.08 E11
  Other types of diabetes mellitus — E13
  Diabetes mellitus without specification 250.09 E14
Hyperlipidemia Hyperlipidemia 279 E78
Hypertension Essential hypertension 401 I10
  Hypertension with heart disease 402 I11
  Hypertension with kidney disease 403 I12
  Hypertension with both heart and kidney disease 404 I13
  Secondary hypertension 400 I15

Disease Prescription Drugs ATC Code

Diabetes Insulin and analogs A10A
  Oral blood glucose-lowering drugs, including sulfonylureas A10B
  Other drugs used in diabetes A10X
Hyperlipidemia Statins (CoA reductase inhibitors) C10AA
  Combination drugs: Simvastatin and ezetimibe C10BA02
Hypertension Antihypertensives C02
  Diuretics C03
  β-Blocking agents C07

  Angiotensin receptor blockers C09CA
  ACE inhibitors C09AA
  ACE inhibitors in combination with thiazide diuretics C09DA, C09BA

Abbreviations: ACE, angiotensin-converting enzyme; ATC, Anatomical Therapeutic Chemical; CoA, coenzyme-A.
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Type of Cancer: Hospital Contacts
Survivors of brain cancer and Hodgkin lymphoma had 
a significantly increased risk of hospitalization for diabe-
tes and hypertension (Table 3). Increased risks of hospi-
talization for ≥1 of the 3 diseases were observed for all 
survivors of the 10 most common cancers in adolescents 
and young adults, except for survivors of malignant mela-
noma and cancer of the spinal cord, cranial nerves, or cen-
tral nervous system (CNS) (Table 3). Survivors of “other 
types” of cancer were at significantly increased risk of hos-
pitalization for all 3 diseases (Table 3). Among survivors 
with “other types” of cancer, the highest risks of hospital 
contact were those of survivors of kidney cancer (RR, 3.3;  

95% CI, 1.8-6.1), myeloid leukemia (RR, 2.7; 95% CI, 
1.6-4.6), and lymphatic leukemia (RR, 2.9; 95% CI,  
1.1-5.4). Most hospital contacts by these survivors were 
for diabetes and hypertension (data not shown).

Type of Cancer: Purchase of Prescription Drugs
Survivors of brain cancer and “other types” of cancer were 
significantly more likely to purchase prescribed diabetes 
drugs, and survivors of testicular cancer, brain cancer, 
Hodgkin lymphoma, and “other types” of cancer were 
significantly more likely to purchase prescribed drugs for 
hyperlipidemia. The risk estimates for purchasing pre-
scribed antihypertensives were increased for survivors of 

TABLE 3. Standardized Hospital Contact Rate Ratios for Diabetes, Hyperlipidemia, and Hypertension 
According to Sex, Age at Cancer Diagnosis, and Type of Cancer in 11,822 Five-year Survivors of Cancer 
Diagnosed at Ages 15 to 39 Years in the Period 1994 Through 2009a 

Characteristic

Survivors Diabetes Hyperlipidemia Hypertension

No. % No. of Obs SHRR (95% CI) No. of Obs SHRR (95% CI) No. of Obs SHRR (95% CI)

Sex                
Both sexes 11,822 100.0 173 1.21 (1.03-1.43)b 158 1.18 (1.00-1.40) 434 1.27 (1.15-1.41)b 
Men 5088 43.0 96 1.40 (1.12-1.74)b 86 1.21 (0.96-1.52) 195 1.41 (1.21-1.65)b 
Women 6734 57.0 77 1.04 (0.82-1.39) 72 1.15 (0.90-1.48) 239 1.17 (1.02-1.34)b 

Age at cancer diagnosis, y                
15-19 662 5.6 7 1.69 (0.80-3.57) —c — 6 2.11 (1.00-4.46)
20-24 1163 9.8 11 1.30 (0.71-2.35) —c — 19 1.54 (0.98-2.43)
25-29 2204 18.6 31 1.45 (1.01-2.08)b 22 1.51 (0.99-2.32) 70 1.66 (1.31-2.12)b 
30-34 3395 28.7 52 1.24 (0.94-1.64) 42 1.11 (0.81-1.51) 132 1.33 (1.12-1.59)b 
35-39 4398 37.2 72 1.08 (0.85-1.37) 88 1.17 (0.94-1.45) 206 1.11 (0.97-1.28)

Attained age, yd                
20-29 1805 15.6 7 1.71 (0.75-3.92) —c — 6 2.22 (0.88-5.57)
30-39 6899 59.5 45 1.75 (1.26-2.44)b 17 1.26 (0.75-2.12) 71 1.65 (1.28-2.15)b 
40-49 9104 78.5 91 1.09 (0.87-1.36) 88 1.14 (0.91-1.43) 251 1.28 (1.11-1.46)b 
50-59 3325 28.7 30 1.04 (0.71-1.53) 52 1.25 (0.93-1.67) 105 1.06 (0.87-1.31)
60-69 116 1.0 —c — —c — —c —

Type of cancer                
Malignant melanoma 2304 19.5 14 0.55 (0.33-0.94)b 16 0.70 (0.43-1.15) 54 0.87 (0.66-1.14)
Testicular cancer 2172 18.4 38 1.21 (0.88-1.67) 36 1.11 (0.80-1.55) 75 1.18 (0.94-1.49)
Breast cancer 1441 12.2 20 1.22 (0.78-1.90) 21 1.34 (0.87-2.07) 44 0.90 (0.67-1.21)
Cervical cancer 1356 11.5 6 0.36 (0.16-0.80) 19 1.32 (0.84-2.09) 45 0.95 (0.71-1.28)
Brain cancer 812 6.9 23 2.94 (1.94-4.45)b 6 0.91 (0.41-2.04) 33 1.99 (1.41-2.80)b 
Hodgkin lymphoma 589 5.0 15 2.40 (1.44-4.00)b 9 1.76 (0.91-3.39) 31 2.51 (1.76-3.58)b 
Non-Hodgkin lymphoma 393 3.3 —c — 6 1.20 (0.54-2.69) 16 1.37 (0.84-2.24)
Thyroid cancer 383 3.2 8 1.77 (0.88-3.56) —c — 14 1.20 (0.71-2.02)
Spinal cord, cranial nerves, 

and CNS cancers
259 2.2 —c — —c — 4 0.56 (0.21-1.49)

Cancer of other connective 
tissuese 

209 1.8 —c — —c — 11 2.23 (1.23-4.02)b 

Other types of cancerf 1904 16.1 40 1.70 (1.24-2.33)b 40 1.76 (1.28-2.41)b 107 1.92 (1.58-2.33)b 

Abbreviations: CNS, central nervous system; Obs, observations; SHRR, standardized hospital contact rate ratio.
aThe comparison cohort consisted of 76,024 population-based individuals.
bThis risk estimate significantly increased or decreased.
cAccording to the rules of Statistics Denmark, we were not allowed to report on diseases for which there were ≤2 observations. The risk estimates for diseases with 
≥3 observations could have been deleted to avoid calculating observations in 1 category with a deleted number of observations.
dThe number of survivors at entry into the category are shown.
e“Cancer of other connective tissues”’ includes malignant neoplasms of connective and soft tissue of: the head, face, and neck (International Classification of 
Diseases, 10th revision code C490); upper limb, including shoulder (C491); unspecified lower limb, including hip (C492); thorax (C493); abdomen (C494); pelvis 
(C495); trunk, unspecified (C496); malignant neoplasms of overlapping sites of connective and soft tissue (C498); and unspecified (C499). For >50% of the 207 
persons in this group, the cancer was located in the upper limb, including the shoulder, or in the lower limb, including the hip.
f“Other types” of cancer include all other types of cancer. The 11th to 20th most common cancers in adolescents and young adults were ovary; colon; myeloid 
leukemia; meninges; urinary bladder; bones, joints, and articular cartilage; rectum; lymphatic leukemia; lung, bronchus, and trachea; and kidney.



Risk Factors for Cardiovascular Disease/de Fine Licht et al

665Cancer  February 1, 2020

the 10 most common cancer types, except malignant mela-
noma, cervical cancer, and cancer of the spinal cord, cra-
nial nerves, and CNS. Of all prescriptions, 2221 of 3330 
were for antihypertensives (Table 4). Similar to what was  
observed for hospital contacts, survivors of brain cancer 
were significantly more likely to purchase prescribed drugs 
for the treatment of all 3 diseases (diabetes, hyperlipidemia, 
and hypertension), and survivors of Hodgkin lymphoma 
were significantly more likely to fill prescriptions for medi-
cation against hyperlipidemia and hypertension. Survivors 

of testicular, breast and spinal cord, cranial nerve, or CNS 
cancers were more likely to have been prescribed medica-
tion against the 3 diseases, but not all estimates were sig-
nificantly increased (Table 4). Survivors of “other types” 
of cancer were significantly more likely to purchase drugs 
for the treatment of all 3 diseases, with the highest RRs for 
survivors of lymphatic leukemia (RR, 2.7; 95% CI, 1.8-
4.0), kidney cancer (RR, 2.7; 95% CI, 1.9-4.0), and mye-
loid leukemia (RR, 2.6; 95% CI, 1.9-3.4; data not shown). 
Most of the prescriptions were for antihypertensives.

Figure 2. Charts illustrate standardized hospital contact rate ratios for (A) diabetes, (B) hyperlipidemia and (C) hypertension, 
and standardized rate ratios of purchased prescription drugs for (D) hyperlipidemia and (E) hypertension by years since cancer 
diagnosis. The rates for purchased prescription drugs for diabetes were too small to be reported.

A

B

C

D

E
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DISCUSSION
After an average follow-up of 8  years, we observed an 
increased RR of a hospital contact for or purchase of 
prescription drugs against diabetes, hyperlipidemia, or 
hypertension in a Danish cohort of 11,822 five-year survi-
vors of adolescent and young adult cancer. For all 3 com-
ponents of the metabolic syndrome, the RRs for hospital 
contacts and purchase of prescription drugs were higher 
among men than among women. Survivors who were 
diagnosed with cancer at a young age (ages 15-29 years) 
tended to have higher RRs of hospital contact or purchase 
of prescription drugs against diabetes, hyperlipidemia, 

and hypertension. When we evaluated risk according 
to cancer type, we found that survivors of brain cancer 
and Hodgkin lymphoma had the highest RRs for hos-
pital contacts and prescribed medication. In survivors of 
brain cancer, the increased risk may be explained by dam-
age to the pituitary gland caused by intracranial pressure  
because of the tumor itself, surgery, or radiotherapy. The 
high risk of hospital contacts observed among survivors 
of Hodgkin lymphoma can be explained by the inten-
sive, lengthy treatment of this cancer, which may have 
increased the risks for damage to the endocrine glands16 
and the circulatory system.17

TABLE 4. Standardized Prescription Rate Ratios for Drugs Against Diabetes, Hyperlipidemia, and 
Hypertension According to Sex, Age at Cancer Diagnosis, and Type of Cancer in 11,822 Five-Year Survivors of 
Cancer Diagnosed at Ages 15 to 39 Years in the Period 1994 Through 2009a 

Characteristic

Survivors
Prescriptions for Drugs 

Against Diabetes
Prescriptions for Drugs 
Against Hyperlipidemia

Prescriptions for Drugs 
Against Hypertension

No. % No. of Obs SPRR (95% CI) No. of Obs SPRR (95% CI) No. of Obs SPRR (95% CI)

Total 11,822 100.0 288 1.08 (0.96-1.23) 821 1.16 (1.08-1.25)b 2221 1.25 (1.20-1.31)b 
Sex                

Men 5088 43.0 140 1.18 (0.98-1.41) 428 1.18 (1.07-1.31)b 844 1.36 (1.27-1.47)b 
Women 6734 57.0 148 1.01 (0.85-1.20) 393 1.13 (1.02-1.26)b 1377 1.19 (1.13-1.26)b 

Age at cancer diagnosis, y                
15-19 662 5.6 12 1.04 (0.59-1.83) 10 1.38 (0.74-2.57) 53 1.35 (1.03-1.78)b 
20-24 1163 9.8 21 0.92 (0.60-1.41) 34 1.21 (0.86-1.70) 138 1.33 (1.12-1.57)b 
25-29 2204 18.6 42 0.89 (0.65-1.21) 76 0.84 (0.67-1.06) 332 1.16 (1.04-1.29)b 
30-34 3395 28.7 81 1.08 (0.86-1.35) 234 1.12 (0.98-1.28) 622 1.12 (1.03-1.21)b 
35-39 4398 37.2 132 1.21 (1.01-1.44)b 467 1.25 (1.14-1.37)b 1076 1.30 (1.28-1.45)b 

Attained age, yc                
20-29 1805 15.6 18 1.42 (0.85-2.36) 11 2.24 (1.13-4.42)b 81 1.81 (1.42-2.32)b 
30-39 6899 59.5 64 1.01 (0.77-1.31) 108 1.25 (1.02-1.53)b 533 1.41 (1.29-1.55)b 
40-49 9104 78.5 157 1.15 (0.97-1.36) 486 1.14 (1.03-1.25)b 1310 1.21 (1.14-1.28)b 
50-59 3325 28.7 49 0.93 (0.69-1.25) 212 1.13 (0.98-1.30) 295 1.11 (0.98-1.25)
60-69 116 1.0 —d — 4 2.36 (0.77-7.27) —d —

Type of cancer                
Malignant melanoma 2304 19.5 34 0.68 (0.48-0.95)b 100 0.80 (0.66-0.98)b 340 0.98 (0.88-1.09)
Testicular cancer 2172 18.4 56 1.03 (0.79-1.34) 200 1.20 (1.05-1.39)b 333 1.16 (1.04-1.29)b 
Breast cancer 1441 12.2 37 1.33 (0.96-1.85) 98 1.14 (0.94-1.40) 320 1.25 (1.12-1.39)b 
Cervical cancer 1356 11.5 22 0.70 (0.46-1.06) 80 1.00 (0.80-1.25) 272 1.02 (0.90-1.15)
Brain cancer 812 6.9 36 2.26 (1.62-3.14)b 58 1.68 (1.29-2.17)b 155 1.68 (1.44-1.97)b 
Hodgkin lymphoma 589 5.0 12 0.92 (0.52-1.63) 48 1.78 (1.34-2.37)b 99 1.39 (1.14-1.70)b 
Non-Hodgkin lymphoma 393 3.3 8 0.84 (0.42-1.68) 32 1.25 (0.88-1.77) 74 1.29 (1.02-1.62)b 
Thyroid cancer 383 3.2 11 1.24 (0.68-2.24) 20 0.91 (0.59-1.42) 83 1.35 (1.09-1.68)b 
Spinal cord, cranial 

nerves, and CNS cancers
259 2.2 —d — 19 1.25 (0.80-1.96) 44 1.26 (0.93-1.69)

Cancer of other connec-
tive tissuese 

209 1.8 —d — 9 0.84 (0.43-1.61) 41 1.48 (1.09-2.02)b 

Other typesf 1904 16.1 62 1.41 (1.10-1.82)b 157 1.34 (1.14-1.57)b 460 1.69 (1.54-1.85)b 

Abbreviations: CNS, central nervous system; Obs, observations; SPRR, standardized prescription rate ratio.
aThe comparison group consisted of 76,024 population-based individuals.
bThis risk estimate significantly increased or decreased.
cThe number of survivors at entry into the category are shown.
dAccording to the rules of Statistics Denmark, we were not allowed to report on diseases for which there were ≤2 observations. The risk estimates for diseases with 
≥3 observations could have been deleted to avoid calculating observations in 1 category with a deleted number of observations.
e“Cancer of other connective tissues”’ includes malignant neoplasms of connective and soft tissue of: the head, face, and neck (International Classification of 
Diseases, 10th revision code C490); upper limb, including shoulder (C491); unspecified lower limb, including hip (C492); thorax (C493); abdomen (C494); pelvis 
(C495); trunk, unspecified (C496); malignant neoplasms of overlapping sites of connective and soft tissue (C498); and unspecified (C499). For >50% of the  
207 persons in this group, the cancer was located in the upper limb, including the shoulder, or in the lower limb, including the hip.
f“Other types” of cancer include all other types of cancer. The 11th to 20th most common cancers in adolescents and young adults were ovary; colon; myeloid 
leukemia; meninges; urinary bladder; bones, joints, and articular cartilage; rectum; lymphatic leukemia; lung, bronchus, and trachea; and kidney.
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When evaluating the risk of hospital contact and 
purchase of prescription drugs according to years since 
cancer diagnosis, we saw no clear trend for hospital con-
tacts, and there was a tendency toward decreased risk with 
increasing number of years since cancer diagnosis for the 
purchase of prescription drugs.

Our results for survivors of testicular cancer 
(n =  2172) revealed an increased risk for hospital con-
tact for all 3 diseases (diabetes, hyperlipidemia, and hy-
pertension); however, none of these risk estimates were 
significantly increased. When considering the results 
for drug prescriptions, a significantly increased risk was 
found for the use of drugs against hyperlipidemia and 
hypertension  among survivors of testicular cancer. In a 
register-based study from Utah that included 785 survi-
vors of testicular cancer, an increased risk for a diagnosis 
of hypercholesterolemia was found (hazard ratio, 1.70; 
95% CI, 1.19-2.41),7 which is in accordance with the in-
creased risk found in the current study. The study from 
Utah did not indicate that survivors of testicular cancer 
had increased risks for diabetes and hypertension.7

The purchase of drugs for diseases in the metabolic 
syndrome by survivors of young adult cancer has been 
evaluated in only 1 previous study.11 That Finnish study 
provided risk estimates for survivors of cancers diagnosed 
at ages birth to 34 years, with specific risk estimates for 
5021 survivors of cancer diagnosed at ages 20 to 34 years. 
Partly because of the difference in age groups, we were 
able to compare our results for only 2 cancer sites, namely, 
Hodgkin lymphoma and non-Hodgkin lymphoma. For 
Hodgkin lymphoma, our risk estimate for purchasing 
prescription drugs against diabetes was lower than that 
reported by Kero et al (RR, 0.9 vs hazard ratio, 1.4); 
however, neither estimate was significant. The likelihood 
of purchasing drugs for hyperlipidemia and hyperten-
sion was increased in both studies but was significantly 
increased only in the current study. For survivors of 
non-Hodgkin lymphoma, Kero et al11 reported a nonsig-
nificantly increased likelihood for purchasing medication 
against all 3 diseases, whereas we found that survivors of 
non-Hodgkin lymphoma were more likely to purchase 
drugs against hyperlipidemia and hypertension only, the 
latter being significantly increased. Factors that might  
explain the differences between the results of the 2 stud-
ies are the age at cancer diagnosis of the survivors (Kero 
et al, ages 20-34 years; current study, ages 15-39 years); 
furthermore, the comparison cohort was siblings in the 
Finnish study and population-based in the current study. 
Sibling comparisons are more similar to the cancer sur-
vivor regarding environment and genes than population 

comparisons, which are selected randomly according to 
year of birth and sex. An advantage of using a popula-
tion-based comparison group versus a sibling comparison 
group is the possibility of deciding how many comparison 
individuals are necessary to reach the needed power. In 
the current study, we had 5 individuals from the popula-
tion-based comparison cohort per cancer survivor, whereas 
Kero et al11 included approximately 2 sibling comparisons 
per cancer survivor. Furthermore, the population compar-
isons selected for the current study had years of birth and 
sex similar to those of the survivor cohort.

Several reasons have been suggested for the increased 
risk of metabolic syndrome in survivors of cancer diagnosed 
at a young age. Treatment factors rather than genetic vari-
ations have been described18; and, in a recent review on 
childhood cancer survivors, the authors concluded that 
there is no evidence that genetic risk factors explain the  
increased risk of metabolic syndrome.19 In a Norwegian 
study of 990 survivors of testicular cancer, treatment was 
related to the subsequent development of metabolic syn-
drome or components thereof.20 The data, derived from 
questionnaires, clinical examinations, and laboratory tests, 
showed that survivors who received combined radiotherapy 
and chemotherapy (n = 34) had a higher risk of diabetes and 
a higher likelihood of using lipid-lowering medication and 
antihypertensives than survivors who underwent surgery,  
received chemotherapy only, or received radiotherapy only.20 
This result is in accordance with our finding of high risks 
for the components of metabolic syndrome in survivors of 
cancer who are typically treated intensively with both che-
motherapy and radiotherapy, such as Hodgkin lymphoma. 
Chemotherapy, radiotherapy, and surgery can all cause endo-
crine disturbances, such as growth hormone deficiency, pan-
creatic damage, hypogonadism, and hypothyroidism, which 
increase the risk for developing the metabolic syndrome.16 
In a recent study, we found that survivors of Hodgkin lym-
phoma who were diagnosed during adolescence and young 
adulthood had a highly increased risk for hypothyroidism 
(RR, 14.9; 95% CI, 11.9-18.6),21 likely because of the expo-
sure of the thyroid gland to radiation. It has been suggested 
that both hypothyroidism and hyperthyroidism can induce 
insulin resistance,22 thus the increased risk for hypothyroid-
ism in survivors of Hodgkin lymphoma may contribute to 
the development of the metabolic syndrome.

Because the metabolic syndrome and cancer share 
risk factors (age, obesity, unhealthy diet, alcohol, and 
smoking), the “common soil” hypothesis proposes that 
metabolic syndrome is a marker for dietary risk fac-
tors that increase the risk of cancer.23 Therefore, the  
observed increased risks for components of the metabolic 



Original Article

668 Cancer  February 1, 2020

syndrome would be because of the people’s lifestyle  
before the cancer diagnosis rather than, or in combination 
with, the cancer and its treatment. Because we excluded 
individuals who had hospital contacts or who purchased 
drugs for the treatment of components of the metabolic 
syndrome before their cancer diagnosis, lifestyle before 
cancer diagnosis is not likely to be the explanation for the 
observed increased risks for components of the metabolic 
syndrome. Furthermore, we studied survivors of cancer 
diagnosed in adolescence and young adulthood, thus the 
length of exposure to potential risk factors for cancer was 
very limited.

Strengths
The current study was based on unique and objective data 
held in the nationwide Danish registries, including both 
inpatient and outpatient hospital contacts and purchase 
of prescription drugs, with complete follow-up for a large 
cohort of 5-year survivors of adolescent and young adult 
cancer. Participation in the study was completely inde-
pendent from the severity of the survivors’ disease, their 
surplus energy, and their desire to participate in the study. 
By combining information on hospital contacts and pre-
scription drugs, our results show the impacts of diabetes, 
hyperlipidemia, and hypertension, both at early stages, 
when the diseases can be treated in primary health care, 
and at more advanced stages, requiring hospital contact. 
The current study is the first to our knowledge report-
ing on risks for components of the metabolic syndrome 
with a specific focus on survivors of cancer diagnosed in 
adolescence and young adulthood. Thus, our results will 
contribute to the growing evidence on outcomes for these 
survivors.

Limitations
Survivors of adolescent and young adult cancer might be 
subject to more intensive surveillance because of more 
frequent contact with physicians during follow-up. This 
could have led to overestimation of the reported risk esti-
mates, but not to an extent that is judged to affect the 
conclusions of this study. Contrary to studies in which 
the survivors are recruited for clinical examinations, we 
had no information on the exact indication for medical 
treatment. In studies that include clinical examinations 
and measurements, it is possible to have important details 
about the patient (indications for use of medicine, severity 
of the disease, time for first symptoms, smoking, physical 
activity, and obesity), but these details are usually unavail-
able in registry-based studies. In the current study, data 
on specific cancer treatments were not available.

Conclusions
Survivors of adolescent and young adult cancer are at 
higher risks of hospital contacts and purchase of prescrip-
tion drugs related to diabetes, hyperlipidemia, and hyper-
tension than individuals in the general population. The 
results of this study show that the groups at highest risk 
are men, survivors of cancer diagnosed at younger ages 
(15-29 years), and survivors of brain cancer and Hodgkin 
lymphoma. The combination of data on hospital contacts 
and purchase of prescription drugs allowed us to draw a 
detailed picture of the cardiovascular risk factors encoun-
tered by survivors of adolescent and young adult cancer. 
This valuable knowledge will be used to design follow-
up care of survivors of these cancers and, ultimately, to 
prevent, postpone, or minimize cardiac late effects in this 
specific group of cancer survivors.
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