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Introduction

Fatigue, which infers a persistent feeling of tiredness that 
is not proportional to recent activity, is a common late 
effect after cancer treatment [1], and might interfere with 
functioning [2].

There are relatively few studies on fatigue among  
non-Hodgkin lymphoma (NHL) survivors [3,4]. One study 
reported persistent fatigue in 54% of NHL survivors at a 
median of 4.2 years from diagnosis [3]. A second study among 
survivors of aggressive NHL reported increased levels of 
fatigue at a mean of 3.5 years after diagnosis when compared 

to the general population and a population of survivors of 
other cancers [4].

Multiple factors can contribute to the development and 
persistence of fatigue in cancer survivors [5]. Depression, and 
to a lesser extent anxiety, have been shown to be correlated 
to fatigue [6]. The directionality between depression and 
fatigue has not been established [7]. Cancer-related fatigue 
and emotional distress have overlapping symptoms, but are 
nevertheless considered to be distinct phenomena [5].

Fatigue might also be associated to somatic conditions 
such as cardiopulmonary disease, hormonal dysfunction, 
and renal insufficiency [8]. NHL survivors are at risk for these 
conditions as somatic late effects after treatment [9]. These 
comorbidities might increase the prevalence of fatigue as 
living with comorbid health conditions, as opposed to none, 
are associated with fatigue both in NHL survivors as well as 
in reference populations [3,4,10].

Radiotherapy close to or involving the pituitary gland,  
thyroid gland, or the gonads, might damage hormone-
producing cells with hormone deficiencies as a conse-
quence [11]. Endocrine disorders are a well known cause of 
fatigue in the general population [12]. Hypothyroidism and 
hypogonadism are common late effects after treatment for 
lymphoma [13,14]. Even though fatigue is a subjective expe-
rience, it might be related to a reduction of the basal meta-
bolic rate in hypothyroidism and a reduced anabolic effect 
in hypogonadism [12]. Few studies have, however, explored 
the possible association between hormonal dysfunction and 
fatigue in long-term lymphoma survivors, and the findings 
have been conflicting [15–18].

A study among Hodgkin lymphoma (HL) survivors 
reported no association between biochemical hypothyroid-
ism and fatigue at a mean observation time of 9 years [18]. 
In contrast, our group has recently reported an association 
between latent hypothyroidism (elevated TSH levels) and 
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level of fatigue among male lymphoma survivors [17]. In a 
study of young male cancer survivors of whom 41% had been 
treated for lymphoma, androgen-deficient survivors had 
higher levels of fatigue than survivors with normal gonadal 
hormones [15]. In contrast, a study of male survivors of lym-
phoma and hematological malignancies did not demonstrate 
any significant association between mild hypogonadism and 
fatigue [16].

Cancer patients rate fatigue as the cancer-related symp-
tom with strongest negative impact upon everyday life [19]. 
Fatigue might also be associated with reduced quality of life 
[20] and work ability [21]. Still, to our knowledge, no studies 
have explored how fatigue affects daily functioning in NHL 
survivors.

In the present study, we included NHL survivors hypoth-
esized to be at risk for hormonal dysfunctions due to radio-
therapy to the head and neck region given locally, with or 
without chemotherapy, or as total body irradiation (TBI) as 
part of high dose therapy together with high dose cyclophos-
phamide. Aims of the study were to assess the prevalence of 
chronic fatigue (CF) (i.e. substantial fatigue lasting 6 months 
or more), explore associations between hormonal dysfunction 
and CF, and to explore the impact of CF upon functioning.

Materials and methods

Patients and treatment
The data-collection in this cross-sectional study was per-
formed in 2009/2010 and included male and female sur-
vivors of indolent (follicular lymphoma and unspecified 
(B-cell) lymphoma) or aggressive NHL (diffuse large cell 
B-cell lymphoma, Burkitt’s lymphoma, lymphoblastic lym-
phoma, unspecified (B or T-cell) lymphoma, and mantle 
cell lymphoma). Eligible survivors were aged  15 years at 
diagnosis and treated by radiotherapy to the head and neck 
region given locally, with or without chemotherapy, or as TBI 
as part of high dose therapy together with high dose cyclo-
phosphamide before reinfusion of harvested autologous 
stem cells.

Eligible survivors were identified through the hospital’s 
radiotherapy registry. They were mailed questionnaires 
and laboratory requisition forms, and asked to have blood 
drawn for analyses of four hormonal axes (the hypothalamic- 
pituitary (HP)-thyroid axis, the growth hormone (GH)-
axis, the HP-gonadal axis, and the HP-adrenal axis) before  
10 a.m. at the local hospital or at the NRH.

Data on current hormone substitution, comorbidities, and 
menopausal status for female participants were collected 
from the questionnaires. Data on treatment for each survivor 
were obtained from the patient records, the radiotherapy 
registry, and the clinical lymphoma register at the NRH.

Radiation doses were retrieved from the digital radiother-
apy planning system and/or estimated from two-dimensional 
simulation x-ray images. We identified the pituitary gland by 
localizing the sella turcica. The position of the thyroid gland 
was estimated based on its average position related to adja-
cent anatomical structures. Thereafter, we evaluated whether 
the glands were inside or outside the radiation field without 
separating between total or partial irradiation of the gland.  

If the total gland was outside of the target field, we estimated 
the dose of scattered irradiation based on the total dose and 
the distance from the radiation field. For the gonads, we 
registered whether or not they had been within the radiation 
field, but exact doses were not estimated.

Primary chemotherapy was given according to interna-
tional guidelines with antracycline-containing chemother-
apy for aggressive lymphomas and leukemia-like treatment 
for Burkitt’s and lymphoblastic lymphomas. Radiotherapy 
to the head and neck region was for the majority of patients 
given with 2 Gy fractions while TBI (13 Gy) was given with 
1.3 Gy fractions twice daily for 5 days. Most high dose treat-
ments including TBI were performed at relapse before 1995. 
The treatment was given at the Norwegian Radium Hospital 
(NRH) in the period 1980–2006.

The observation time was defined as time from diagnosis 
to time of survey in 2009/2010.

Questionnaires
The total fatigue score and the prevalence of CF were assessed 
by the Fatigue Questionnaire (FQ) [22]. The FQ has 11 main 
items and two additional items asking about the duration 
of fatigue. All items have four response alternatives scored 
0–3. Physical fatigue (7 items), mental fatigue (4 items), and 
total fatigue (all 11 items) are measured by simple addi-
tion of item scores, with higher scores indicating higher 
levels of fatigue. A dichotomized (0  0, 1  0, 2  1, 3  1) 
score for each response alternative is used for definition of 
CF as a sum score of  4 on the dichotomized scores with  
a duration of  6 months preceding the survey. The FQ had  
a good internal consistency, with Cronbach’s alpha of 0.87 for  
the 11 main items in the present sample.

Mental distress was measured by The Hospital Anxiety 
and Depression Scale (HADS) [23,24]. The scale consists 
of 14 items; seven measuring depressive symptoms and 
seven measuring anxiety symptoms. Each item is scored 0–3 
with a higher score implying a higher symptom level. The 
responses to all 14 items were summed to a total HADS score.  
Cronbach’s alpha was 0.87 for the total HADS score.

Missing items for the FQ and HADS were substituted with 
the survivor’s average score on the items which the survivor 
had responded to in the same subscale, (i.e. physical and 
mental fatigue for the FQ, and anxiety and depression for 
HADS). Substitution required responses to more than half of 
the items for the given subscale.

Functioning was assessed by the Medical Outcomes 
Study Short Form 36 (SF-36) which is a 36-item measure of 
health status including eight dimensions [25]. The impact of 
CF on functioning was assessed as the associations between 
CF, and the four functional subscales of the SF-36 [Physical 
Functioning (PF), Role limitations due to physical health 
[Role Physical (RP)], Social Functioning (SF), and Role limita-
tions due to emotional problems [Role Emotional (RE)] [26]. 
RP assesses whether the physical health limits the respon-
dent in work or usual activities, while RE assesses whether 
emotional problems have caused respondents to accomplish 
less in their work or usual activities. The responses to the 
SF-36 were coded and recalibrated according to the standard 
SF-36 algorithm [26]. Thereafter, the scores were summed 
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and transformed to 0–100 scales (0  worst health state, 
100  best health state).

For the registration of comorbidity, we used selected 
questions which were originally designed for use in the 
population-based health surveys of Nord-Trøndelag County 
(the HUNT surveys) [27]. The survivors were categorized 
as having comorbidity if they reported one or more of the  
following conditions: myocardial infarction, angina pectoris, 
stroke, diabetes, asthma, or hypertension (defined as use of 
antihypertensive medication).

Married or cohabiting survivors were classified as living 
in a paired relationship versus those without such a rela-
tionship. Current work situation was categorized into three 
groups: working (full-time work, part-time work with or 
without any social benefits, occupational rehabilitation), not 
working (sickness allowance, disability benefit), and retired.

Hormonal status
Biochemical hormonal status was assessed for the HP-
thyroid axis, the GH-axis, the HP-gonadal axis, and the 
HP-adrenal axis. GH and insulin-like growth factor 1 (IGF-1) 
were analyzed using Immunlite 2000 platform (Siemens 
Healthcare Diagnostics). The analyses of thyroid hormones, 
gonadal hormones, and cortisol were performed using Roche  
E- platform (Roche Diagnostics).

Hormonal dysfunction was defined by abnormal serum 
levels of the hormones from the endocrine organ or the stim-
ulating pituitary hormones. The function of the GH axis was 
dichotomized into normal and dysfunction. Dysfunction was 
defined as GH  1 mIU/L and IGF-1 lower than age-adjusted 
reference range. For the HP-thyroid axis, survivors with low 
free thyroxin combined with normal thyroid-stimulating hor-
mone (TSH), or elevated TSH combined with T4 levels in the 
lower half or below the reference range ( 15 pmol/L), were 
categorized as having thyroid hormone dysfunction. None 
had hyperfunction of the thyroid gland. For the male HP-
gonadal axis, survivors with low testosterone combined with 
normal follicle-stimulating hormone (FSH) and/or luteiniz-
ing hormone (LH), or elevated FSH and/or LH combined 
with testosterone within or below the reference range, were 
categorized as having gonadal hormone dysfunction. Females 
aged  50 years at survey, and who reported menopause 
before the age of 42 years, were classified as having gonadal 
hormone dysfunction. Function of the HP-adrenal axis was 
classified based on reference values for serum cortisol.

Age-adjusted reference values were used for male gonadal 
hormones [28], while the other hormone values were catego-
rized based on reference values at the laboratory. The refer-
ence values were: Male gonadal axis: Testosterone: 20–30 
years: 11–33 nmol/L, 30–50 years: 10–32 nmol/L, and  50 
years: 9–31 nmol/L. FSH: 20–30 years: 2–10 IU/L, 30–50 
years: 2–12 IU/L, and  50 years: 3–14 IU/L. LH:  50 years: 
2–10 IU/L, and  50 years: 2–12 IU/L. GH:  15 mIU/L. IGF-
1: 19–30 years: 17–63 nmol/L, 31–55 years: 11–40 nmol/L, 
and  55 years: 7–29 nmol/L. Thyroid axis: Free T4 (FT4): 
9.0–21.0 pmol/L. TSH: 0.5–3.5 mIU/L. Cortisol before 9 a.m: 
250–690 nmol/L /after 9 a.m: 150–400 nmol/L.

Hormone status was finally categorized into three groups: 
normal, untreated hormone dysfunction in one or more 

axes, and hormone substitution therapy (with thyroid and/or 
gonadal hormones). None of the survivors used corticoster-
oids regularly. If survivors were substituted in one axis and 
had a dysfunction in another axis, they were categorized in 
the hormone substitution therapy group.

Ethical considerations
Informed written consent was obtained from all respond-
ers. The Regional Committee for Medical Research Ethics 
approved the study.

Statistical analyses
Bivariate comparisons were performed by chi-square and 
t-tests. Mann-Whitney U test was used for skewed distribu-
tions. Univariate multinominal regression analysis was used 
for investigating associations between treatment groups and 
hormonal status.

Binary logistic regression analyses were performed for 
variables that were expected to be associated with CF. Vari-
ables with a p-value of  0.1 in the univariate analyses were 
included in the multivariate analysis.

Linear regression analyses were used to investigate the 
impact of CF on functioning. The dependent variables were 
the functional scales of SF-36 (PF, RP, SF, and RE) with CF as 
independent variable and adjusting for age at survey. Age 
was included as an independent variable as we expected 
physical function to deteriorate with increasing age.

Associations were expressed as odds ratios (OR) with 95% 
confidence intervals (CI) for the logistic regression analyses 
and as unstandardized regression coefficients (B) with 95% 
CI for the linear regression analyses.

A p-value of  0.05 was considered statistically significant 
and all tests were two-sided. All analyses were performed 
using SPSS 21 for windows.

Results
Attrition analysis
A total of 173 NHL survivors were eligible and contacted by 
mail, whereof 110 (64%) consented to participate. Partici-
pants were younger than non-participants (mean age 61.0 vs. 
68.2 years, p  0.001). There were no significant differences 
in gender, observation time, or subgroup of NHL (indolent 
vs. aggressive) between participants and non-participants.

Twelve of the 110 participants were excluded due to miss-
ing blood samples (n  5), missing questionnaire (n  1), 
lack of information on duration of fatigue (n  3), ongoing 
androgen-deprivation therapy for prostate cancer (n  2), 
and current advanced cancer other than lymphoma (n  1). 
Thus, 98 NHL survivors were included in the present study.

Survivors’ characteristics
Forty-five (46%) of the participating survivors were female, 
median age at diagnosis was 44.1 (range: 15–76) years, 
and median observation time was 16.4 (range: 5–29) years  
(Table I). There were 53 (54%) survivors after aggressive NHL 
and 45 (46%) survivors after indolent NHL. Two survivors 
had been treated for unspecified NHL, and based on the 
given treatment, one was categorized as aggressive- and the 
other as indolent NHL. Survivors treated for aggressive NHL 
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the gonadal region in the form of TBI (n  36), involved field 
including both ovaries (n  1), or involved field including 
one testicle/ovary (n  2).

Seventy-five (77%) of the participants had received che-
motherapy (including alkylating agents) in addition to the 
radiotherapy; 40 participants (41%) received this as part of 
high-dose therapy with autologous stem cell support, while 
the remaining 35 (36%) were treated with CHOP-based/
CHOP-analogous chemotherapy (Table I). Fifty-two partici-
pants were treated with one line of chemotherapy, 11 with 
two lines and 12 with three or more lines.

were significantly younger at survey than survivors treated 
for indolent NHL (57.0 years vs 66.1 years, p  0.001).

All participants had been treated with radiotherapy to the 
head and neck region and the radiation fields to this region 
are specified in Table I. The median radiation dose to the 
pituitary gland was 13 Gy (range: 0.0–44.0), and to the thyroid 
gland 13 Gy (range: 0.0–53.0). Seventeen survivors had been 
treated with more than one radiotherapy series involving the 
head and neck area or other locations. Fifty-nine of the sur-
vivors were treated with supradiaphragmatic radiotherapy 
alone, while 39 also had been treated with radiotherapy to 

Table I. Survivors’ characteristics.

All (N  98) Aggressive NHL (N  53) Indolent NHL (N  45)

p-value 
between 
groups

Age at diagnosis/years, median 
(range)

44.1 (15–76) 37.0 (15–72) 49.9 (29–76) 0.001*

Age at survey/years, median 
(range)

61.3 (31–87) 57.0 (31–87) 66.1 (38–84) 0.001*

Observation time/years, median 
(range)

16.4 (5–29) 16.4 (7–29) 16.5 (5–29) 0.28*

Gender n (% within this group) n (% within this group) n (% within this group)
Males 53 (54) 32 (60) 21 (47) 0.25†

Females 45 (46) 21 (40) 24 (53)
Stage n (% within this group) n (% within this group) n (% within this group)

I/II A 38 (39) 27 (51) 11 (24)
I/II B 1 (1) 1 (2) 0
III/IV A 28 (29) 15 (28) 13 (29)
III/IV B 11 (11) 8 (15) 3 (7)
Pel A‡ 20 (20) 2 (4) 18 (40)

B symptoms at diagnosis n (% within this group) n (% within this group) n (% within this group)
Yes 12 (12) 9 (17) 3 (7) 0.21†

No 86 (88) 44 (83) 42 (93)
Relapse n (% within this group) n (% within this group) n (% within this group)

Yes 32 (33) 12 (23) 20 (44) 0.04†

No 66 (67) 41 (77) 25 (56)
Treatment n (% within this group) n (% within this group) n (% within this group)

Radiotherapy alone 23 (24) 0 23 (51)  0.001†

Radio- and chemotherapy
HDT§ 40 (41) 27 (51) 13 (29)
CHOP/CHOP-analog based 35 (36) 26 (49) 9 (20)

Radiation fields n (% within this group) n (% within this group) n (% within this group)
Total body irradiation 36 (37) 24 (45) 12 (27)
Orbital region/parotid gland 18 (18) 3 (6) 15 (33)
Neck bilateral/mantle field 16 (16) 10 (19) 6 (13)
Epipharynx/tonsils 16 (16) 10 (19) 6 (13)
Other# 12 (12) 6 (11) 6 (13)

Comorbidities n (% within this group) n (% within this group) n (% within this group)
No 58 (59) 30 (57) 28 (62) 0.72†

Yes 40 (41) 23 (43) 17 (38)
Hormonal status n (% within this group) n (% within this group) n (% within this group)

Normal 42 (43) 18 (34) 24 (53)
Dysfunction in one or more axes 34 (35) 21 (40) 13 (29) 0.15†

Hormone substitution therapy 22 (22) 14 (26) 8 (18)
Current work situation n (% within this group) n (% within this group) n (% within this group)

Working 44 (45) 27 (51) 17 (38)
Not working 17 (17) 10 (19) 7 (16) 0.24†

Retired 37 (38) 16 (30) 21 (47)
Marital status n (% within this group) n (% within this group) n (% within this group)

In paired relationship 68 (69) 37 (70) 31 (69)
Not in paired relationship 29 (30) 15 (28) 14 (31) 0.98†

Missing 1 (1) 1 (2)
Total fatigue, median (range) 13.0 (5–30) 14.0 (5–30) 12.0 (9–22) 0.30*
Mental fatigue, median (range) 4.0 (1–9) 4.0 (1–9) 4.0 (3–9) 0.99*
Physical fatigue, median (range) 8.0 (4–21) 9.0 (4–21) 7.0 (4–17) 0.22*
Total HADS score^, median (range) 5 (0–24) 5 (0–24) 5 (0–23) 0.81*

 *Mann-Whitney U Test.
†Chi-Square test.
‡Pel, primary extranodal lymphoma.
§High-dose therapy with autologous stem cell support [TBI/cyclophosphamide (n  36) or BEAM (carmustine, etoposide, cytarabine, and melphalan), (n  4)].
#Unspecified head and neck/unilateral neck/skin.
^Missing 1.
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Forty-two (43%) of the survivors had normal hormone sta-
tus in all four axes, 34 (35%) had dysfunction in one or more 
axes, and 22 (22%) were treated with hormone substitution at 
time of survey (Table I). None of the survivors had hormonal 
hyperfunction. The percentages of survivors with normal 
function, dysfunction, or hormone substitution for the growth 
hormone, HP-thyroid and HP-gonadal axes are presented in 
Figure 1. Only one survivor had a borderline cortisol level, 
and the HP-adrenal axis is therefore not presented.

In univariate multinominal logistic regression analysis, the 
ORs for hormonal dysfunction and treatment with hormone 
substitution were significantly increased for participants 
who had been treated with high dose therapy compared to 
radiotherapy alone (OR 14.7, CI: 3.5–60.6, p  0.001 and OR 
10.7, CI: 2.2–51.5, p  0.003). Further, there was no increased 
risk for hormonal dysfunction and treatment with hormone 
substitution among those treated with CHOP/CHOP-analog 
based chemotherapy and radiotherapy compared to radio-
therapy alone.

CF and associated factors
Twenty-eight of 98 survivors (29%) had CF (Table II), evenly 
distributed between survivors of indolent and aggressive 
NHL.

In the univariate analyses, the risk for CF was increased 
among survivors with hormonal dysfunction in one or more 
axes (OR 3.78, CI: 1.36–10.51, p  0.01) compared to survi-
vors with normal hormone status (Table III). In contrast, 
survivors on hormone substitution therapy did not have 
increased risk of CF compared to survivors with normal 
hormone status. Increased level of mental distress was also 
significantly associated with increased risk of CF (OR 1.18, 

CI: 1.08–1.30, p  0.001). Neither increasing age nor gen-
der was significantly associated with increased risk for CF.  
Survivors treated with chemotherapy, or high-dose therapy 
with autologous stem cell support, in addition to radiother-
apy did not have increased risk of CF compared to survivors 
treated with radiation only.

In the multivariate analysis, the risk for CF remained sig-
nificantly increased for survivors with hormonal dysfunction 
(OR 3.87, CI: 1.20–12.51, p  0.02) and with increasing men-
tal distress (OR 1.20, CI: 1.09–1.33, p  0.001) (Table III).

Impact of CF on work status and functioning
Among the survivors who currently were unable to work, 
10 (59%) had CF compared to 22% and 23% among the 
survivors who were retired or were working (p  0.01)  
(Table II). The survivors with CF displayed lower mean values 
for functioning in the four SF-36-scales as compared to survi-
vors without CF (Table IV). When adjusting for age at survey, 
CF was significantly associated with reduced functioning 
measured by PF, RP, SF, and RE (p  0.001).

Discussion
The prevalence of CF in NHL survivors in the present study 
was 29%. There was no difference in prevalence between 
survivors of aggressive and indolent NHL, confirming previ-
ous findings [3,29]. In a recent study, persistent fatigue was 
reported in 54% of NHL survivors [3]. Due to use of differ-
ent questionnaires, prevalence cannot be directly compared 
across the studies, but the combined findings support the 
relevance of assessing this symptom in NHL survivors. Our 
observation time of 16.4 years is considerably longer than 
in comparable studies [3,4]. Fatigue therefore seems to be 
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Normal2 Hormone dysfunction3 Hormone substitution4 

Figure 1. Percentage of survivors with normal hormone function, hormone dysfunction, and hormone substitution therapy for the growth hormone, 
HP-thyroid and HP-gonadal axes. 1Missing 3. 2Normal biochemical hormone function. For the female gonadal axis females with menopause  42 
years were classified in this group. 3Untreated biochemical hormone dysfunction. Classified based on reference values as described in the 
Methods section, except for the female gonadal axis for which females  50 years at survey with menopause  42 years were classified in this group. 
4Hormone substitution therapy. For the female gonadal axis only females  50 years on substitution therapy and with menopause before 42 years 
were classified in this group.
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of fatigue, but not with CF [17]. Conflicting results between 
the studies might be explained by different definitions of 
hypothyroidism and different grouping of survivors on thy-
roid hormone substitution therapy.

Also for hypogonadism in males, results regarding asso-
ciations with fatigue have been conflicting. One study in 
young male cancer survivors reported lower energy levels in 
survivors with androgen deficiency compared to those with 
normal gonadal function [15]. In contrast, no such associa-
tion was found in another study in survivors of hematologi-
cal malignancies [16]. However, the samples in the latter two 
studies were small and the definition of gonadal dysfunction 
has also differed between the studies.

GH-deficiency has fatigue as a central symptom, and is 
relatively common after cancer treatment involving radio-
therapy and/or surgery to the HP-region [31,32]. Therefore, 
GH-deficiency might be of importance in fatigued cancer 
survivors considered at risk due to previous treatment. 
However, as the direct association between GH-deficiency 
and fatigue in cancer survivors to our knowledge has not 

a long-lasting problem for some NHL survivors, or it might 
develop a long time after treatment.

To our knowledge, this is the first study investigating 
possible associations between hormonal dysfunctions in 
four hormonal axes and fatigue in lymphoma survivors. 
Compared to those with normal hormone status, we found 
an increased risk of CF among survivors with hormonal dys-
function in one or more axes, but not among those currently 
on hormone substitution therapy.

Also in otherwise healthy individuals, fatigue is a common 
symptom in patients suffering from hormonal dysfunction in 
the GH, HP-thyroid, HP-gonadal, or HP-adrenal axes [12]. 
Previous findings regarding possible associations between 
hormonal function and fatigue in cancer survivors have, 
however, been conflicting [15–18,30].

Some studies in survivors of Hodgkin lymphoma (HL) 
have not found fatigue to be associated with thyroid dysfunc-
tion [18,30]. However, our group recently published a study 
on male NHL and HL survivors which demonstrated an asso-
ciation between latent hypothyroidism and increased level 

Table II. Chronic fatigue by subgroups.

Chronic fatigue 
present, n (%)

Chronic fatigue  
not present, n (%) p-value between groups*

All, n  98 28 (29) 70 (71)
Gender

Males, n  53 17 (32) 36 (68) 0.54
Females, n  45 11 (24) 34 (76)

NHL subgroups
Aggressive, n  53 15 (28) 38 (72) 1.00
Indolent, n  45 13 (29) 32 (71)

Stage
I/II A, n  38 9 (24) 29 (76) 0.34
I/II/III/IV B, n  12 6 (50) 6 (50)
III /IV A, n  28 7 (25) 21 (75)
Pel A, n  20 6 (30) 14 (70)

Comorbidity
No, n  58 15 (26) 43 (74) 0.63
Yes, n  40 13 (33) 27 (68)

B-symptoms at diagnosis
Yes, n  12 6 (50) 6 (50) 0.16
No, n  86 22 (26) 64 (74)

Treatment
Radiotherapy alone, n  23 7 (30) 16 (70) 0.90
Radio- and chemotherapy
HDT†, n  40 12 (30) 28 (70)
CHOP‡/CHOP-analog based, n  35 9 (26) 26 (74)

Radiation therapy
Total body irradiation, n  36 11 (31) 25 (69) 0.92
Other fields, n  62 17 (27) 45 (73)

Hormonal status
Normal, n  42 8 (19) 34 (81) 0.01
Dysfunction in one or more axes, n  34 16 (47) 18 (53)
Hormone substitution therapy, n  22 4 (18) 18 (82)

Current work situation
Working, n  44 10 (23) 34 (77) 0.01
Not working, n  17 10 (59) 7 (41)
Retired, n  37 8 (22) 29 (78)

Marital status
In paired relationship, n  68 21 (31) 47 (69) 0.67
Not in paired relationship, n  29 7 (24) 22 (76)
Missing, n  1

Chronic fatigue present Chronic fatigue not present p-value between groups§

Mean hemoglobin value (g/dl)
Females 13.3 13.2 0.74
Males 14.7 14.4 0.32

 *Chi-square test.
†High-dose therapy with autologous stem cell support.
‡Prednisolone, Cyclophosphamide, Doxorubicin, and Vincristine.
§ Independent samples t-test.
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tisol values were examined for in the present study, we could 
not investigate for such possible associations.

In our study, hormone function was assessed in four axes 
and the participants responded to well validated question-
naires. As all survivors had been treated with radiotherapy 
to the head and neck area, we hypothesized that they were 
at increased risk of hormonal dysfunction. Possible asso-
ciations between hormonal dysfunction and fatigue would 
therefore be more easily detectable than in samples with 
lower prevalence of hormonal dysfunction. Still, our sample 
size is relatively small, and consequently we could include 
a limited number of explanatory variables in the multivari-
ate analyses. Due to the sample size, we also chose a “rough” 

been investigated, studies are needed to clarify possible 
associations.

None of the survivors included in our sample had dys-
function in the HP-adrenal axis, which was as expected as 
this axis is described as relatively resistant to toxic effects 
of chemo- and radiotherapy [11]. Inflammation has been 
pointed to as a possible etiologic factor for fatigue, and 
changes in the HP-adrenal axis have also been proposed to 
play a role either directly or due to its regulatory function 
on cytokine production with anti-inflammatory effects [1]. 
Studies in breast cancer survivors have reported changes in 
diurnal cortisol slopes and blunted cortisol response to stress 
in fatigued survivors [33,34]. Since only morning plasma cor-

Table III. Multiple logistic regression analyses with chronic fatigue as the dependent variable.

Univariate analyses Multivariate analyses*

OR 95% CI p-value OR 95% CI p-value

Gender
Female, n  45 Ref Ref Ref
Male, n  53 1.46 0.60–3.56 0.41

Age at survey (continuous) 0.98 0.95–1.02 0.31
Observation time (continuous) 0.99 0.93–1.07 0.87
NHL subgroups

Indolent, n  45 Ref Ref Ref
Aggressive, n  53 0.97 0.40–2.34 0.95

B-symptoms at diagnosis
No, n  86 Ref Ref Ref Ref Ref Ref
Yes, n  12 2.91 0.85–9.96 0.09 2.52 0.61–10.41 0.20

Treatment
Radiotherapy alone, n  23 Ref Ref Ref
Radio- and chemotherapy

HDT†, n  40 0.98 0.32–2.99 0.97
CHOP‡/CHOP-analog based, n  35 0.79 0.25–2.54 0.69

HADS total score 1.18 1.08–1.30  0.001 1.20 1.09–1.33  0.001
Comorbidity

No, n  58 Ref Ref Ref
Yes, n  40 1.38 0.57–3.34 0.48

Hormonal status
Normal, n  42 Ref Ref Ref Ref Ref Ref

Dysfunction in one or more axes, n  34 3.78 1.36–10.51 0.01 3.87 1.20–12.51 0.02
Hormone substitution therapy, n  22 0.94 0.25–3.57 0.93 0.74 0.15–3.61 0.71

 *B-symptoms at diagnosis, HADS total score, and hormonal status as explanatory variables.
†HDT, High-dose therapy with autologous stem cell support.
‡Prednisolone, Cyclophosphamide, Doxorubicin, and Vincristine

Table IV. Linear regression analyses with Physical functioning (PF), Role physical (RP), Social functioning (SF), and Role emotional (RE) as the 
dependent variables, and age at survey and chronic fatigue as independent variables.

Mean (95% CI) B* 95% CI p-value

Physical functioning (PF)
Chronic fatigue

No 86 (81–90) Ref Ref
Yes 67 (56–78)  20.1  29.3 to  11.0  0.001

Age at survey (continuous variable)  0.4  0.7 to  0.1 0.01
Role physical (RP)
Chronic fatigue

No 73 (63–82) Ref Ref
Yes 24 (11–37)  49.8  66.5 to  33.2  0.001

Age at survey (continuous variable)  0.5  1.1 to 0.1 0.1
Social functioning (SF)
Chronic fatigue

No 88 (84–93) Ref Ref Ref
Yes 64 (52–77)  23.4  33.7 to  13.1  0.001

Age at survey (continuous variable) 0.2  0.1 to 0.6 0.2
Role emotional (RE)
Chronic fatigue

No 94 (89–99) Ref Ref Ref
Yes 65 (48–83)  27.4  40.5 to  14.4  0.001

Age at survey (continuous variable) 0.3  0.2 to 0.7 0.2

 *The unstandardized multiple regression coefficient with 95% confidence interval.

M. Seland et al. 3312



potential benefits of hormone substitution in the treatment 
of cancer-related fatigue.

In conclusion, the results of this study demonstrate that 
CF is prevalent in NHL survivors treated with radiotherapy 
to the head and neck region with or without chemotherapy, 
and that hormonal dysfunction and mental distress are both 
associated with CF in these survivors. Further, CF is associ-
ated with reduced functioning.

Assessment of hormonal status and mental distress is rel-
evant in the evaluation of fatigued NHL survivors, and partic-
ularly among survivors who have received treatment known 
to harm endocrine organs, since therapies are available.      
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