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Long-term survivors of Hodgkin lymphoma during childhood or adolescence (HL survivors) are at high risk of devel-
oping treatment-related late cardiovascular sequelae. In our study we evaluated the presence of modifiable cardiovascular 
risk factors (hypertension, hyperlipoproteinemia, hyperinsulinemia, obesity), endothelial and inflammatory markers 
(E-selectin, PAI-1, hs-CRP) and atherosclerotic changes in the common carotid arteries. Assessment was performed in 
80 young adult Hodgkin lymphoma long-term survivors at more than 10 years after the potentially cardiovascular toxic 
anticancer treatment (median age at evaluation 34.7 years; range 24.1-40.9 years). The HL survivors were compared with 
83 age- and gender-matched healthy volunteers. The HL survivors showed unfavorable lipid profiles compared to those of 
healthy controls: triglycerides (p=0.01), total cholesterol (p=0.0004), low density lipoprotein cholesterol (p=0.005). In HL 
survivors, we found a higher prevalence of hypertension (p=0.004) and insulin resistance – HOMA-IR (p=0.0002). Ultraso-
nographic examination of both common carotid arteries revealed a higher prevalence of atherosclerotic plaques (p=0.0009) 
and higher carotid intima-media thickness (p<0.0001) in HL survivors. Markers of oxidative stress (advanced oxidation 
protein products, oxidized low-density lipoprotein), inflammation (hs-CRP) and endothelial dysfunction (E-selectin, 
PAI-1) were also higher in HL survivors (p<0.0001, p=0.0002, p=0.0031, p=0.0087, p=0.004, respectively). Adult survivors 
of Hodgkin lymphoma during childhood and adolescence need closer follow-up with screening of metabolic syndrome 
components, unfavorable lifestyle factors and early management of these risk factors.
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The survival of children and adolescents with Hodgkin 
lymphoma has improved dramatically over the last decades. 
Over 90% have become current long-term survivors, who are 
unfortunately at increased risk of developing severe, even life-
threatening sequelae many years after the end of a treatment.

Therapy-related cardiovascular disease is established as a 
primary cause of noncancer morbidity and early mortality in 
childhood cancer survivors [1, 2]. The estimated cumulative 
cardiovascular mortality is 5-fold higher than the expected 
rate in the general population [3], and many of these deaths 
are related to atherosclerotic cardiovascular diseases, such as 
stroke, myocardial infarction and other vascular diseases [4, 5].

Radiation therapy to the neck and mediastinum increases 
the risk of carotid artery disease and stroke in patients with 
HL [6, 7]. The initial event in the development of premature 
atherosclerotic changes is endothelial cell damage, which 
leads to smooth muscle cell proliferation and migration. In 

the general population, increased intima-media thickness 
(IMT) of the carotid artery, which can be measured noninva-
sively by ultrasound, is considered an early marker for athero-
sclerosis and an independent predictor of cardiovascular 
events [8, 9]. Exposure to chemotherapy and/or radiotherapy 
is also associated with the development of insulin resistance 
[10], lipid abnormalities and obesity [11].

The most of published data concerning insulin resistance 
and metabolic syndrome prevalence in childhood cancer 
survivors have been focused on childhood acute leukemia 
survivors [12–15], only few studies also included small 
numbers of lymphoma and solid tumor patients [16, 17]. 
Therefore, the aim of this study was to assess in HL survi-
vors not only the presence of modifiable cardiovascular risk 
factors, endothelial and inflammatory markers but also to 
evaluate atherosclerotic changes in the common carotid 
arteries.
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Patients and methods

The project was approved by the Ethics Committee 
of University Hospital in Motol and University Hospital 
Kralovske Vinohrady. All HL survivors and volunteers 
provided written informed consent for participation in the 
study.

A total of 630 children and adolescents were treated for 
Hodgkin lymphoma at University Hospital in Motol between 
February 1977 and December 2017, and approximately 
350 patients attended the follow-up clinic regularly. All 
HL survivors attending routine follow-up visits at the Late 
Effects Clinic in the Department of Pediatric Hematology 
and Oncology were enrolled in the study between May 2015 
and December 2017 if they fulfilled the following inclusion 
criteria: 24–40 years old and disease-free for a minimum of 
10 years after the end of their treatment. HL survivors with 
symptomatic cardiovascular disease were not eligible for 
enrollment. Healthy volunteers were recruited by newspaper 
advertisements.

In our prospective observation study, between May 2015 
and May 2018, we included eighty long-term survivors of 
Hodgkin lymphoma in childhood or adolescence and eighty-
three age- and gender-matched healthy controls.

Clinical examination and questionnaires. During the 
clinical visit, a medical history was obtained, and a physical 
examination was performed. Anthropometric parameters – 
height, weight and waist circumference – were measured. 
Body mass index (BMI) was computed as weight in kilograms 
divided by height in square meters. Overweight was defined 
as BMI ≥25 kg/m2 and obesity BMI ≥30 kg/m2. The waist to 
hip ratio was calculated – in women, the ratio should be 0.8 
or less, and in men, it should be 1.0 or less. Systolic/diastolic 
blood pressure (BP) was determined from the average of two 
measurements of resting systolic/diastolic blood pressure. 
Hypertension was defined as a systolic blood pressure 
≥140 mmHg and/or a diastolic blood pressure ≥90 mmHg or 
the use of anti-hypertension drugs at the time of the exami-
nation. Smoking status, alcohol and illicit drug abuse were 
ascertained on the basis of a self-reported history of cigarette 
smoking, illicit drug experience and usual amount of alcohol 
intake per week. Nonsmokers were defined as persons who 
had never smoked. Smokers were a combined group of past 
and current smokers. Other conventional cardiovascular risk 
factors (family history of cardiovascular diseases, diabetes 
and obesity, eating habits) were assessed by questionnaire. 
Positive family history was defined as parent or sibling with 
a history of myocardial infarction, stroke or sudden cardiac 
death before the age of 55 years in men and 65 years in 
women. Physical activity was assessed by the Baecke physical 
activity questionnaire.

The treatment details of HL survivors were obtained by 
retrospective analysis of their medical records – chemotherapy 
regimen with cumulative doses of all chemotherapeutic 
agents, dose and fields of radiation therapy were recorded.

Ultrasonographic examination. High-resolution B-mode 
ECG-gated duplex ultrasonography of both common 
carotid arteries was performed in the supine position after 
10 minutes of rest. All measurements were performed by 
one qualified sonographer to avoid interobserver variability. 
The sonographer was not aware of the subject´s medical 
history. The extracranial carotid arteries were examined 
bilaterally using a Philips iU22 ultrasound system equipped 
with a  7.5  MHz linear array transducer and analyzed by 
QLAB Quantification software (Philips). Both common 
carotid arteries were examined along their full visible length 
for the eventual presence of plaques. The IMT was measured 
in diastole on the far wall of both common carotid arteries 
at a distance of 10 mm from the carotid bulb [18], and the 
pulsatility index and resistance index obtained from the 
Doppler examination were recorded. In addition, param-
eters of arterial elasticity (carotid artery compliance – CAC, 
stiffness index  β – SI, and Young´s elastic modulus YEM) 
were calculated [19, 20].

Transverse scanning was performed to measure the 
maximum visceral fat thickness (VFT) and subcutaneous fat 
thickness (SFT) using a 3.5-MHz abdominal transducer. The 
measurements were carried out at 1 cm above the umbilicus. 
VFT was defined as the distance between the anterior wall 
of the aorta and the internal face of the rectoabdominal 
muscle perpendicular to the aorta. SFT was measured at 
the same location and was defined as the distance between 
the cutaneous surface and linea alba. Images were obtained 
immediately after a calm and complete expiration to avoid 
the influence of respiratory status or abdominal wall tension 
[21]. All ultrasound measurements were performed three 
times, and the results were averaged.

Laboratory measurements. Overnight fasting blood 
samples were collected from every HL survivor and volun-
teer to perform biochemical analyses, including total choles-
terol (TC), low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C) and triglyc-
erides (TG). LDL-C was calculated by the Friedewald 
equation, and other parameters were measured by standard 
automated diagnostic laboratory methods. Dyslipidemia was 
determined by the presence of at least one of three factors: 
high LDL-C (>3.0 mmol/l), high TG (>1.7 mmol/l) and low 
HDL-C (<1.0 mol/l).

The homeostasis model assessment insulin resistance 
(HOMA-IR) index was calculated with fasting insulin and 
glucose values using the equation HOMA-IR = [fasting 
insulin (µU/ml) * fasting glucose (mmol/l)] / 22.5. Hyper-
insulinemia was defined as fasting insulin levels of 20 µU/ml 
or greater.

Markers of endothelial dysfunction – E-selectin and 
plasminogen activator inhibitor-1 (PAI-1) – were measured 
by ELISA by using a R&D Systems ELISA kit (BioTechne 
brand, Minneapolis, Minnesota, USA). Advanced oxidation 
protein products (AOPP) were measured by using a Cloud-
Clone Corp. ELISA kit (Katy, Texas, USA), and oxidized 
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low-density lipoprotein (oxLDL) was measured by using a 
Mercodia ELISA kit (Uppsala, Sweden).

Metabolic syndrome was defined according to the 
Modified Adult Treatment Panel III (ATP III) criteria [22] by 
three or more of the following components: 1. waist circum-
ference ≥90 cm in men or ≥85 cm in women; 2. triglyceride 
level ≥150 mg/dl (≥1.7 mmol/l); 3. HDL-C level ≤40 mg/dl 
(≤1.0 mmol/l) in men or ≤50 mg/dl in women (≤1.3 mmol/l); 
4. blood pressure ≥130/85 mmHg; and 5. fasting glucose level 
≥100 mg/dl (≥5.6 mmol/l).

Statistical analysis. Continuous variables are expressed 
as the means±standard deviation and compared using 
the t-test if normally distributed. Continuous variables in 
skewed distribution are expressed as the median (interquar-
tile range) and compared by the Mann-Whitney (Wilcoxon) 
test. Categorical variables are expressed as proportions (%) 
and analyzed using cross-tabulation and the χ2 test or the 
Fischer exact test where appropriate. Statistical significance 
was defined as a p-value less than 0.05. Statistical analyses 
were performed using R software version 3.4.4 (R Core 
Team, 2018).

Results

The clinical characteristics of HL survivors and healthy 
volunteers are shown in Table 1. The median age of the HL 
survivors at the time of Hodgkin’s lymphoma diagnosis was 
14.9 years (range, 4.5–19.3 years), and the median time of 
follow-up was 19.2 years (range, 10–34.6 years). The chemo-
therapy regimens differed according to the period of treat-
ment; 12.5% of patients received more than one regimen 
for refractory/relapsed HL. All patients with HL received 
external beam photon radiotherapy as an essential part of 
their treatment. All HL survivors, except one, were irradi-
ated to the neck, fifty-one HL survivors were irradiated to 

the mediastinum and twenty-nine HL survivors received 
radiotherapy to the retroperitoneal lymph nodes. The doses 
ranged from 15–40 Gy in the first-line treatment; in refrac-
tory/relapsed HL patients, reirradiation was applied at a 
total dose 55–70 Gy to the site of relapse/refractory disease. 
Radiotherapy fields varied from mantle field to involved field 
radiotherapy.

The comparison of the characteristics between the 
included HL survivors and those who were eligible but not 
included is presented in Table 2.

Hypertension was documented in thirteen HL survi-
vors (16.25%); five of these survivors had regularly received 
anti-hypertension drugs. Additionally, seven HL survivors 
(8.75%) on anti-hypertension medication had systolic and 
diastolic pressure values within normal limits at the time 
of examination. Hypertension was newly detected in seven 
(8.4%) healthy volunteers, and none of the healthy volun-
teers had been previously diagnosed or treated for hyper-
tension. We found an increased heart rate in HL survivors 
compared to that in healthy volunteers (76.1±8.48/min vs. 
70.0±7.9/min, p<0.0001).

The mean fasting insulin concentrations in HL survi-
vors were approximately twice those of healthy controls 
(12.56±9.32 µU/ml vs. 6.86±3.27 µU/ml, p<0.0001). In seven 
HL survivors, the insulin levels were above the arbitrary 
cut-off for hyperinsulinemia of 20 µU/ml, whereas no hyper-
insulinemia was detected in healthy volunteers (p=0.0059). 
Hyperglycemia was detected in twenty HL survivors 
and only two healthy volunteers (5.38±1.04 mmol/l vs. 
4.9±0.35 mmol/l, p<0.0001). HOMA-IR was also significantly 
higher in HL survivors (3.24±3.87 vs. 1.51±0.79, p=0.0002).

The lipid profiles of HL survivors were unfavorable 
compared to those of healthy controls (TG 1.48±1.19 mmol/l 
vs. 1.09±0.58 mmol/l, p=0.01; TC 5.20±1.08 mmol/l vs. 
4.67±0.74 mmol/l, p=0.0004; LDL-C 3.03±0.92 mmol/l 

Table 1. Clinical characteristics of HL survivors and healthy volunteers.
HL survivors

n = 80 
Healthy volunteers

n = 83
p-value

Age, years, mean (SD) 33.87±4.13 33.22±4.34 0.3278
Age, years, median (range) 34.7 (24.1-40.9) 33.33 (24-40.3)
Gender, male, n (%) 45 (57.2) 50 (60.2) 0.72
BMI, mean (SD) 25.20±5.43 24.60±4.20 0.4355
Overweight, n (%) 23 (28.8) 23 (27.7)
Obesity, n (%) 8 (10) 9 (10.8)
Waist circumference, cm, mean (SD) 83.8±14.74 86.3±12.73 0.4599
Waist to hip ratio, mean (SD) 0.87±0.07 0.85±0.09 0.088
Waist to height ratio, mean (SD) 0.49±0.07 0.47±0.06 0.11
Visceral fat thickness, cm, mean (SD) 4.09±1.99 3.76±1.47 0.2357
Subcutaneous fat thickness, cm, mean (SD) 2.01±1.11 1.88±1.02 0.4489
Systolic blood pressure, mm Hg, mean (SD) 123.5±12.8 120.8±12.5 0.2441
Diastolic blood pressure, mm Hg, mean (SD) 77.2±10.7 76.2±8.8 0.5296
Heart rate, per minute, mean (SD) 76.1±8.48 70.0±7.9 <0.0001
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cohorts. The prevalence of cardiovascular risk factors is 
presented in Table 3.

We also found a significant difference in the median high-
sensitivity C-reactive protein (hs-CRP) of HL survivors at 
1,308 (interquartile range 740.7–3,016.7) µg/ml compared 
to that in healthy volunteers at 746.7 (336.4–1,589.7) µg/ml 
(p=0.0031). The laboratory parameters are summarized in 
Table 4.

In our study, the prevalence of subclinical thyroid dysfunc-
tion among HL survivors was very high, and 82.5% of these 
individuals had been undergoing long-term substitution 
with thyroid hormones. None of the HL survivors had TSH 
levels above 10 mIU/l. We also did not show any significant 
correlation of TSH or free T4 levels with TC, LDL-C and TG 
levels or HOMA-IR.

Elevated follicle-stimulating hormone (FSH) levels above 
18.1 IU/l were found in fourteen men (31.1% of male HL 
survivors). In three women, an irregular menstrual cycle was 
recorded (two of these women received systemic hormonal 
replacement therapy for this reason). Decreased levels of 
anti-Müllerian hormone (AMH) below the third percentile 
were found in nine women (25.7% of HL female survivors). 
In our study, we did not show any correlation of FSH or 
AMH levels with TC, LDL-C, HDL-C and TG. We did not 
find increased TG or LDL-C levels in male HL survivors with 

vs. 2.57±0.67 mmol/l, p=0.005). HDL-C levels did not 
differ between HL survivors and healthy volunteers 
(1.54±0.52 mmol/l vs. 1.60±0.42 mmol/l, p=0.3429). The 
relative rate of subjects with isolated hypertriglyceridemia 
(p=0.943) and isolated hypercholesterolemia (p=0.399) did 
not differ between HL survivors and healthy volunteers, but 
combined hyperlipoproteinemia was found in 16.25% of HL 
survivors and only in 4.8% of healthy volunteers (p=0.017).

AOPP levels in HL survivors were three times higher 
compared to those in healthy volunteers (23.71±13.78 µg/ml 
vs. 8.00±3.46 µg/ml, p<0.0001). OxLDL levels were also higher 
in HL survivors (71.93±29.50 U/l vs. 56.88±19.41 U/l, 
p=0.0002).

The mean PAI-1 levels were higher in HL survivors than 
in healthy controls (5.52±3.99 ng/ml vs. 3.83±3.30 ng/ml, 
p=0.004). E-selectin levels were also higher in HL survivors 
(36.19±16.95 ng/ml vs. 30.12±11.24 ng/ml, p=0.0087).

In our study, the prevalence of metabolic syndrome 
as defined by ATP III was almost three times higher in 
HL survivors (21.3% of HL survivors vs. 7.2% of healthy 
volunteers, p=0.01). In HL survivors and volunteers with 
metabolic syndrome, we found higher levels of AOPP 
(19.98±13.98 µg/ml vs. 15.04±12.38 µg/ml, p=0.051) and 
PAI-1 (7.56±5.05 ng/ml vs. 4.20±3.29 ng/ml, p=0.0007) 
compared with those without metabolic syndrome in both 

Table 2. Description of HL survivors study cohort and comparison with eligible but not included HL survivors.

Study HL survivors
n=80 

Eligible but not included  
HL survivors

n=183
Age at diagnosis, years, median (range) 14.9 (4.5-19.3) 14.1 (2.2-19.3)
Age, years, median (range) 34.7 (24.1-40.9) 33.0 (25.0-40.9)
Gender, male, n (%) 45 (57.2) 106 (57.9)
Histology subtype

NLPHL, n (%) 7 (8.8) 16 (8.7)
Nodular sclerosis, n (%) 45 (56.2) 101 (55.2%)
Mixed cellularity, n (%) 20 (25) 49 (26.8)
Lymphocyte rich, n (%) 2 (2.5) 3 (1.6)
Not specific, n (%) 6 (7.5) 14 (7.7)

Stage according to Ann Arbor
 Stage I, n (%) 17 (21.3) 41 (22.4)
 Stage II, n (%) 31 (38.7) 74 (40.4)
Stage III, n (%) 22 (27.5) 45 (24.6)
Stage IV, n (%) 10 (12.5) 23 (12.6)
Chemotherapy regimen

CVPP, n (%) 10 (12.5) 17 (9.3) 
ABVD, n (%) 10 (12.5) 24 (13.1)
CVPP/ABVD, n (%) 15 (18.8) 24 (13.1)
VEPA, n (%) 5 (6.3) 6 (3.3)
VAMP, n (%) 7 (8.8) 20 (10.9)
DBVE, n (%) 11 (13.8) 21 (11.5)
DBVE-PC, n (%) 12 (15) 65 (35.5)
multiple regimens, n (%) 10 (12.5) 15 (8.2)
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testosterone levels less than 10 nmol/l compared to those 
in male HL survivors with normal testosterone levels, but 
HOMA-IR was significantly higher in male HL survivors 
with testosterone levels below 10 nmol/l (p=0.0172).

Ultrasonographic findings on common carotid arteries 
are presented in Table 5. HL survivors showed higher IMT 
(5.44±0.89 vs. 4.74±0.66, p<0.01) as well as increased arterial 
stiffness – higher YEM (1,044.27±612.67 vs. 779.00±297.36, 
p=0.0007), higher SI (5.57±2.68 vs. 3.76±1.48, p<0.0001) and 
lower CAC (0.0022±0.0009 vs. 0.003±0.0012, p<0.0001). In 
our study, 12.5% of HL survivors had plaques in common 
carotid artery, whereas no carotid plaques were found in 
healthy volunteers (p=0.0009). The correlation between 
YEM and the radiotherapy dose administered to the neck 
was not statistically significant (p=0.0778). We found corre-
lation of YEM with systolic blood pressure (p=0.0021) and 

lipid parameters – TC, TG, LDL-C (p=0.0012, p=0.0062 
and p=0.0088, respectively). In our study, IMT was signifi-
cantly correlated with visceral obesity (waist circumference, 
p=0.0002, visceral fat thickness, p=0.003) and insulin resis-
tance (HOMA-IR, p<0.0001, glycemia, p<0.0001). 

Discussion

In this study, we demonstrate a higher prevalence of 
modifiable cardiovascular risk factors, namely hyperlipopro-
teinemia and metabolic syndrome, as well as atherosclerotic 
changes in carotid arteries among young adult survivors of 
Hodgkin lymphoma during childhood or adolescence.

In the general population, the contribution of modifiable 
risk factors to the development of cardiovascular disease 
is well defined [23]. In childhood cancer survivors, several 

Table 3. Prevalence of cardiovascular risk factors in HL survivors and healthy volunteers.
HL survivors

n (%)
Healthy volunteers

n (%)
p-value

Hypertension 20 (25) 7 (8.4) 0.004
Hypertriglyceridemia 20 (25) 11 (13.3) 0.056
Decreased HDL-cholesterol 14 (17.5) 11 (13.3) 0.452
Hyperglycemia 20 (25) 2 (2.4) < 0.0001
Increased waist circumference 33 (41.3) 31 (37.3) 0.610
Presence of three or more metabolic syndrome components 17 (21.3) 6 (7.2) 0.01
Smoking, current smokers, n (%) 12 (15.0) 17 (20.5) 0.0846
Smoking, past smokers, n (%)  9 (11.3) 18 (21.7)
Alcohol abuse, abstainers, n (%) 56 (70) 62 (74.7) 0.782
Physical activity (Baecke), mean (SD) 7.97±1.24 8.34±1.35 0.069
Family history of early onset CVD, n (%) 17 (21.3) 18 (21.7) 0.937 
Family history of diabetes, n (%) 15 (18.8) 11 (13.3) 0.4772
Family history of hypertension, n (%) 43 (53.8) 37 (44.6) 0.3467
Family history of obesity, n (%) 31 (38.8) 24 (28.9) 0.2678

Table 4. Summary of laboratory findings.
HL survivors

n=80
Healthy volunteers

n=83
p-value

Glycemia, mmol/l (SD) 5.38±1.04 4.9±0.35 0.0002 

Insulin, µU/l (SD) 12.56±9.32 6.86±3.27 <0.0001

HOMA IR (SD) 3.24±3.87 1.51±0.79 0.0002 

Total cholesterol, mmol/l (SD) 5.2±1.07 4.67±0.7 0.0004 

LDL-C, mmol/l (SD) 3.03±0.92 2.57±0.67 0.0005 

HDL-C, mmol/l (SD) 1.53±0.51 1.60±0.42 0.3429

TG, mmol/l (SD) 1.48±1.19 1.09±0.58 0.0101

AOPP, µg/ml (SD) 23.71±13.78 8.00±3.46 <0.0001

oxLDL, U/l (SD) 71.93±29.50 56.88±19.41 0.0002

PAI-1, ng/ml (SD) 5.52±3.99 3.83±3.30 0.004

E-selectin, ng/ml (SD) 36.19±16.95 30.12±11.24 0.0087

hs-CRP, ug/ml (interquartile range) 1,308 (740.7–3,016.7) 746.7 (336.4–1,589.7) 0.0031
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conditions increase the prevalence of some cardiovascular 
risk factors. Neoplasms likely cause changes in insulin sensi-
tivity, lipid metabolism and inflammatory mediators [24]. 
Prolonged catabolism and malnutrition during the treat-
ment of childhood cancer may induce changes in body 
composition with abnormal fat distribution and lower lean 
body mass. Specific cancer therapies may also contribute to 
these changes in several ways: by damaging the endocrine 
organs, by inducing endothelial and adipose tissue dysfunc-
tion [25]. Irradiation has been shown to alter mitochon-
drial function [26] by generating reactive oxygen species. 
Subsequent abnormalities in muscle, liver and pancreas 
play a role in the development of insulin resistance, which 
is considered to be the central pathophysiological mecha-
nism of metabolic syndrome [27]. Insulin resistance 
promotes atherogenesis from the early stages to advanced 
plaque progression by the involvement of systemic factors, 
such as dyslipidemia, hypertension and proinflammatory 
state, as well as local factors in the arterial wall [28]. In our 
study, in four HL survivors among seventeen with metabolic 
syndrome, atherosclerotic plaques were found by ultrasono-
graphic examination of the carotid arteries. Nevertheless, 
plaques were also found in another six HL survivors without 
metabolic syndrome. The development of insulin resistance 
is more strongly associated with abdominal adiposity than 
with increased BMI [29, 30]. However, in our study, we 
did not observe any difference in BMI, visceral adiposity 
or waist circumference between HL survivors and healthy 
volunteers, and the prevalence of overweight and obesity 
was the same in both cohorts.

The overt hypothyroidism adversely affects serum lipid 
levels, can lower basal metabolism and induce weight gain, 
which can lead to metabolic syndrome [31]. Severe subclinical 
hypothyroidism, with thyroid stimulating hormone (TSH) 
levels of 10 mIU/l and greater, have been associated with an 
increased cardiovascular risk and exacerbation of carotid 
atherosclerosis [32–34], however none of HL survivors in 
our study exceeded these levels. The effect of subtle subclin-
ical thyroid dysfunction on vascular atherosclerosis remains 
uncertain [35–37]. Hypogonadism, mainly as a consequence 
of gonadal damage by alkylating drugs, procarbazine or 
platinum compounds, is associated with visceral obesity, 
insulin resistance, dyslipidemia and changes in vascular tone 
and blood pressure [38]. In our study, we did not show any 

correlation of FSH or AMH levels with lipid levels, but in 
male HL survivors with testosterone levels below 10 nmol/l 
HOMA-IR was significantly higher compared to male HL 
survivors with normal testosterone levels. Hypertension has 
been previously reported in 13–19% adult survivors of child-
hood malignancies [16, 39]. In our study, we documented 
hypertension in 25% of HL survivors. Radiotherapy to the 
neck or mediastinum can alter blood pressure or vascular 
tonus by influencing baroreceptors in the glomus caroticum 
or in the aortic arch. Abdominal radiotherapy is also associ-
ated with an increased risk of hypertension due to induced 
renal artery stenosis or radiation nephropathy [40], also 
treatment with some anticancer medications can directly 
cause renal damage (ifosfamide, cisplatin used mainly in HL 
salvage therapy), leading to hypertension [41]. The increased 
heart rate in HL survivors in our study can be explained by 
increased sympathetic nervous activity.

In our study, compared to healthy volunteers, HL survi-
vors had unfavorable lipid profiles and a higher prevalence 
of metabolic syndrome. We found no association of lipid 
parameters or insulin resistance with a given chemotherapy 
regimen. We report a high rate of carotid artery plaques in HL 
survivors together with increased carotid IMT and markers 
of arterial stiffness. In a published study of childhood cancer 
survivors who received radiotherapy as an integral part of 
their treatment, increased carotid IMT and higher PAI-1 
levels were also found [42].

Hyperinsulinemia could, by its effects on antioxidative 
enzymes and on free radical generators, enhance oxidative 
stress, and through the increased bioavailability of insulin-
like growth factor-1 could also promote carcinogenesis [43]. 
We found significantly higher levels of AOPP and oxLDL in 
HL survivors. Significantly higher concentrations of AOPP 
are observed in metabolic syndrome [44, 45]. HL survivors 
and volunteers with metabolic syndrome had higher levels 
of AOPP (and PAI-1 compared to those without metabolic 
syndrome in both cohorts. We cannot conclude the etiology 
of the elevated AOPP concentration, as we do not have 
any previous information about insulin, AOPP and oxLDL 
levels in our HL survivors before enrolment into the study. 
Prospective studies will be necessary to clarify whether 
enhanced oxidative stress is the predisposition to metabolic 
syndrome in this specific population or one of its multiple 
manifestations.

Table 5. Carotid ultrasound findings.
HL survivors

n=80
Healthy volunteers

n=83
p-value

Intima-media thickness, mm, mean (SD) 5.44±0.89 4.74±0.66 <0.0001
Young´s elastic modulus, mean (SD) 1,044.27±612.67 779.00±297.36 0.0007
CAC, mean (SD) 0.0022±0.0009 0.003±0.0012 <0.0001
SI, mean (SD) 5.57±2.68 3.76±1.48 <0.0001
Atherosclerotic plaques, n (%) 10 (12.5) 0 (0) 0.0009
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In our study, HL survivors showed significantly higher 
hs-CRP than controls. Hyperlipoproteinemia and insulin 
resistance in HL survivors could be a result of chronic inflam-
mation, as observed in adult survivors of other hematologic 
malignancies [46, 47]. Inflammation and oxidative stress are 
closely related, and one can be induced by the other. Reactive 
species, by activation of NFkB, can enhance the expression 
of genes involved in inflammation [48]; on the other hand, 
reactive oxygen and nitrogen species are produced by inflam-
matory cells [49, 50]. 

Compared to healthy volunteers, HL survivors suffered 
more endothelial damage as measured by the endothelial 
marker PAI-1 and E-selectin. PAI-1 has been implicated in the 
control of insulin signaling in adipocytes but also in angio-
genesis and atherogenesis [51]. In our study, we confirmed 
a strong association between PAI-1 and visceral adiposity 
(p<0.0001) [52] and an association with carotid intima-media 
thickness (p=0.012) [53]. We found no association between 
the given chemotherapy regimen and vascular damage. In 
our study, we could not determine whether insulin resis-
tance is a cause or consequence of endothelial dysfunction.

In HL survivors as well as in the general population, 
modifiable risk factors related to aging, hereditary predispo-
sition and unhealthy lifestyle behaviors also play important 
roles. We did not find any difference between HL survivors 
and healthy volunteers in family history of early onset of 
cardiovascular disease, hypertension, diabetes or obesity. 
Regarding lifestyle parameters, there was no significant 
difference in smoking status, physical activity or eating habits 
between the groups. Few limitations of this study should be 
considered when interpreting the findings. First, smoking, 
physical activity levels, eating habits and family history were 
assessed using self-reported data, which is certainly subject 
to bias and imprecision. Our findings reflect therapy in the 
1970s, 1980s and 1990s. Another limitation is the small 
number of included HL survivors, but only multicentric 
studies could recruit a larger cohort. Despite the fact that the 
comparison of the reported group of Hodgkin lymphoma 
survivors with the nonincluded HL survivors of the same 
age did not show any significant difference, we cannot eluci-
date a larger proportion of the nonincluded patients treated 
in the late 1990s with the DBVE/DBVE-PC regimen and 
involved field radiotherapy. Additionally, selection bias may 
play a role, although in both cohorts, only persons interested 
in their health status participated in the current study. The 
strengths of our study are the long follow-up of HL survivors 
and the assessment of modifiable cardiovascular risk factors 
together with vascular structure and markers of oxidative 
stress, inflammation and endothelial damage.

In view of the excellent prognosis of Hodgkin lymphoma 
in HL survivors, the impact of vascular damage and metabolic 
abnormalities caused by cancer treatment on the lifetime risk 
of cardiovascular morbidity has become increasingly impor-
tant. Exercise may suppress inflammatory responses and 
improve insulin sensitivity and antioxidant activity [54–56]. 

Therefore, HL survivors with cardiovascular risk factors or 
unfavorable lifestyle factors should receive early support for 
lifestyle improvement and optimal management of these 
cardiovascular risk factors together with adequate hormonal 
substitution in thyroid and gonadal deficiencies. When these 
interventions (optimization of energy balance by increasing 
physical activity and reducing caloric intake) are insuffi-
cient, drug therapy is necessary. Since LDL-C represents 
the primary goal in hypolipidemic therapy, statins should 
be considered as drug of first choice. The majority of adult 
HL survivors receive their follow-up care from primary care 
physicians rather than from long-term follow-up special-
ists at cancer centers, therefore the general awareness of the 
surveillance recommendations and appropriate interven-
tions has to be increased.

More research is needed to define how the modification 
of these factors affects the progression of atherosclerotic 
changes and the manifestation of cardiovascular events to 
identify individuals most likely to benefit from intervention 
strategies.
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