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  ABSTRACT 

  Background.  Studies show a cross-sectional association between physical activity (PA) and fatigue among 
lymphoma cancer patients. However, few longitudinal studies have examined whether PA has a sustained effect on 
fatigue over time. 
  Purpose.  To examine the longitudinal relationship between PA and fatigue. 
  Methods.  All living individuals diagnosed with lymphoma between 1999 and 2010 as registered by the Dutch 
population-based Eindhoven Cancer Registry received a questionnaire on three time points. Generalized linear mixed 
models were used to estimate the independent effects of PA on fatigue. 
  Results.  PA and fatigue levels did not differ between patients short-term ( �    1 year) and long-term after diagnosis 
(1 – 5 years or  �    5 years). PA behavior was relatively constant over time with 84% of the patients meeting the Dutch PA 
guidelines at all assessment periods. Fatigue scores also remained fairly stable over time with 46% of the patients never 
being fatigued and 29% always being fatigued. Multivariate analyses showed that patients who met the PA guidelines 
scored 6.2 (95% CI 3.1 – 9.2) points lower on total fatigue over time (between subject effect; p    �    0.01), compared to 
patients not meeting PA guidelines. 
  Conclusion.  During a period of two years, PA and fatigue levels were rather stable within lymphoma patients. Patients 
who met the PA guidelines reported lower levels of fatigue compared to those not meeting the guidelines, which appeared 
to be a constant association over time. The observed association between PA and fatigue underlines the importance to 
focus upon physical training in the care of cancer patients.   

    Due to the development of new therapies, survival 
rates of patients with lymphomas improved notice-
ably. In the Netherlands, fi ve-year relative survival for 
patients diagnosed between 1989 and 1994 equaled 
76% for Hodgkin lymphoma (HL), 66% for indolent 
non-Hodgkin lymphoma (NHL) and 41% for aggres-
sive NHL. These rates increased to 81%, 76% and 
48%, respectively, for patients diagnosed between 
2001 and 2005. In 2012, there were approximately 
5700 patients living with a history of HL and 28 400 
with NHL [1]. 

 As the survival rate of these patients is increasing, 
attention should not only be given at curing the dis-
ease but also at the long-term consequences of the 
disease and its treatment. Fatigue is one of the most 
frequently reported and distressing symptoms among 
(long-term) HL and NHL patients [2,3]. Fatigue can 
be described as the perception of unusual tiredness 
that varies in pattern and severity and has a negative 
impact on the ability to function in people who have 
or have had cancer [4]. Recent studies have reported 
percentages of fatigued HL patients up to 76% and 
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61% of NHL patients [2,3]. Prevalence rates of 
fatigue vary widely and depend on tumor type, sex, 
age and treatment modality, although the exact etiol-
ogy of fatigue remains unknown. Fatigue has been 
reported to have a signifi cant negative impact on per-
ceived quality of life, even more than symptoms like 
nausea and pain [5]. 

 Several therapeutic strategies, pharmacological 
and non-pharmacological, have been proposed for 
the treatment of fatigue. A cross-sectional study 
showed that lower levels of physical activity (PA) were 
associated with more symptoms of fatigue among 
lymphoma patients [6]. A recent systematic review 
showed that aerobic exercise training interventions 
seem to be feasible and safe and have positive effects 
on fatigue levels of lymphoma patients [7]. Longitu-
dinal studies among patients are needed to evaluate 
whether PA has a sustained effect on fatigue. There-
fore, the aim of the current study is to examine the 
relationship between PA and fatigue over time.   

 Methods  

 Setting and population 

 This study is part of a dynamic, longitudinal, popu-
lation-based survey among lymphoma patients reg-
istered within the Eindhoven Cancer Registry (ECR) 
of the Comprehensive Cancer Centre Netherlands. 
The ECR records data on all patients who are newly 
diagnosed with cancer in the southern part of the 
Netherlands, an area with 2.3 million inhabitants, 18 
hospital locations and two large radiotherapy insti-
tutes. The ECR was used to select all patients who 
were diagnosed with indolent (including chronic 
lymphocytic leukemia) and aggressive B-cell non-
Hodgkin lymphoma (NHL) or Hodgkin lymphoma 
(HL), as defi ned by the International Classifi cation 
of Diseases for Oncology-3 codes (ICD-O-3), 
between 1 January 1999 and 1 July 2010. Ethical 
approval for the study was obtained from the local 
certifi ed Medical Ethics Committee of the Maxima 
Medical Centre Veldhoven. Before the fi rst assess-
ment, the (former) treating physicians were asked to 
verify the selected patients ’  study eligibility and in 
case patients were moved to another part of the 
Netherlands or received follow-up care at another 
institution, patients were classifi ed as  “ patient with 
an unverifi able addresses ” .   

 Data collection 

 Data collection was done within PROFILES (Patient 
Reported Outcomes Following Initial treatment and 
Long term Evaluation of Survivorship). PROFILES is 
a registry for the study of the physical and psychosocial 

impact of cancer and its treatment from a dynamic, 
growing population-based cohort of both short and 
long-term cancer survivors. PROFILES contains a 
large web-based component and is linked directly to 
clinical data from the ECR. Details of the data collec-
tion method were previously described [8]. 

 In November 2009, patients diagnosed between 
January 1999 and January 2009 were included in the 
study and received the fi rst questionnaire (time point 
1; T1). In May 2010 and May 2011 patients newly 
diagnosed up to 1 July 2010 were subsequently 
invited to participate (time point 1; T1). Patients 
received subsequent questionnaires one year after the 
fi rst one (time point 2; T2) and two years after the 
fi rst (time point 3; T3).   

 Study measures 

 Socio-demographic and clinical characteristics. Clinical 
information was available from the ECR that 
routinely collects data on tumor characteristics, 
including date of diagnosis, tumor grade, histology, 
stage, primary treatment, and patients ’  background 
characteristics. Comorbidity at the time of survey 
was categorized according to the adapted Self-
administered Comorbidity Questionnaire (SCQ) [9]. 
Questions on sociodemographics were added to the 
questionnaire. 

  Fatigue . Fatigue was assessed with the Fatigue Assess-
ment Scale (FAS), a questionnaire consisting of 
10 items. The response scale is a fi ve-point scale 
(1 never to 5 always) and total scores can range from 
10 to 50. Participants can be divided into two groups 
based on total FAS scores [10]: not fatigued (as 
defi ned by a score of 10 – 21) and fatigued (22 – 50). 
The psychometric properties are good, with a Cron-
bach ’ s alpha of 0.87 in the Dutch population, and 
pattern of correlations and factor analysis showing 
good convergent and divergent validity [11]. 

  Physical activity . PA was assessed with questions 
derived from the validated European Prospective 
Investigation into Cancer (EPIC) Physical Activity 
Questionnaire [12]. Participants were asked how 
much time they spend on the following activities 
(average number of hours per week, in summer and 
winter separately): walking, bicycling, gardening, 
housekeeping, and sports. To include an estimate of 
intensity, metabolic equivalent intensity values (MET 
value: 1 MET    �    4.184 kJ/kg body weight/h) were 
assigned to each activity, according to the compen-
dium of physical activities [13]. Total PA was calcu-
lated by summing h/wk of all activities. The duration 
of moderate to vigorous physical activity (MVPA) 
was assessed as time (h/wk) spent on walking, bicy-
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cling, gardening and sports ( �    3 MET), excluding 
housekeeping and light intensity sports ( �    3 MET). 
MVPA was dichotomized into meeting the Dutch PA 
guideline of 150 minutes per week or not [14].   

 Statistical analyses 

 Differences in sociodemographic and clinical char-
acteristics between respondents and non-respon-
dents or patients with unverifi able addresses and 
between patients who completed one or more ques-
tionnaires were compared with a  χ  2  or ANOVA, 
where appropriate. 

 All other analyses were based on patients who 
completed at least two questionnaires. Differences 
between patients meeting and not meeting the PA 
guidelines at each time point were determined by 
t-tests. Differences between patients short- and long-
term after diagnosis ( �    1 year; 1 – 5 years;  �    5 years) 
in levels of PA and fatigue levels were determined by 
ANOVA. Differences between patients according to 
stability of their PA behavior (never meeting, always 
meeting PA guidelines, fl uctuating) in fatigue levels 
were also determined by ANOVA. 

 Generalized linear mixed models with random 
intercepts were used to estimate the independent 
inter-individual (between-patients changes) and intra-
individual (within-patient changes) effects of PA on 
fatigue. Models were adjusted for factors determined 
by a priori hypotheses: sociodemographic (age, sex, 
educational level, marital status) and clinical (time 
since diagnosis, disease stage, chemotherapy, number 
of comorbid conditions) variables. Time was analyzed 
as regular categorical predictor with three levels (i.e. 
three time points). Sociodemographic and clinical 
characteristics were analyzed as time-invariant pre-
dictors (i.e. baseline characteristics were used). The 
inter-individual effect was represented by the differ-
ence between a patients ’  average amount of PA 
reported during the study and the average level of PA 
of the total group. The intra-individual effect was rep-
resented by the difference between a patients ’  PA level 
at one time point and his/her average PA level during 
the study. The association of PA and fatigue was 
assessed including PA as continuous variable (h/wk) 
(model I) and dichotomously (meeting guidelines 
yes/no; model II). In order to correctly interpret all 
model parameters, all continuous variables have been 
grand-mean centered. 

 All statistical tests were two-sided and consid-
ered signifi cant if p    �    0.05. All analyses were con-
ducted using SPSS version 19.0 (Statistical Package 
for Social Sciences, Chicago, IL, USA). Clinically 
meaningful differences in FAS scores were deter-
mined with Norman ’ s  “ rule of thumb ” , whereby a 
difference of  ~ 0.5 standard deviation indicates a 

threshold of discriminant change in scores of a 
chronic illness [15].    

 Results  

 Sociodemographic and clinical characteristics 
of respondents and non-respondents 

 At T1 the response rate was 78% (851 of the 1095 
totally invited patients responded). Patients with 
unverifi able addresses (n    �    315) received chemother-
apy less often (55% vs. 61% and 67%) compared to 
non-respondents (n    �    244) and respondents 
(p    �    0.01). Non-respondents were younger (56 vs. 61 
and 62 years) and diagnosed longer ago (4.5 vs. 3.9 
and 3.7 years) compared to respondents and patients 
with unverifi able addresses (both p    �    0.01). No dif-
ferences between the three groups were seen with 
respect to disease stage, sex and radiotherapy. Fifty-
fi ve percent (n    �    471) completed the questionnaire 
at T2 and 36% (n    �    308) at T3.   

 Differences between lymphoma patients who completed 
one or more than one questionnaire 

 Of the 851 responders, 368 completed only one 
questionnaire (43%), 178 completed two question-
naires (21%) and 305 completed all three question-
naires (36%). No differences were seen between 
respondents who completed only the fi rst ( “ base-
line ” ) questionnaire and those who subsequently 
completed two or more questionnaires with respect 
to sociodemographic and clinical characteristics 
(Table I). Patients who completed only one question-
naire less often reported to be drinking alcohol com-
pared to those who completed two or more 
questionnaires (66% vs. 70%; p    �    0.03). No signifi -
cant differences between the two groups were 
observed regarding BMI, smoking status and PA lev-
els. Patients who completed only one questionnaire 
were more often classifi ed as fatigued (47% vs. 39%; 
p    �    0.04) as compared to those who completed two 
or more questionnaires. 

  Physical activity . Although patients shortly after diag-
nosis ( �    1 year; 9.1; 8.3; 9.3 h/wk) reported less 
hours of PA per week compared to patients 1 – 5 years 
(11.6; 12.9; 12.9 h/wk) and    �    5 years since diagnosis 
(10.0; 11.9; 11.4 h/wk) at all three time points, these 
differences were not statistically signifi cant. Levels of 
PA were relatively stable as most patients (84%) were 
meeting the Dutch PA guidelines of 150 minutes of 
MVPA at all three time points, 3% never met the 
guidelines and 12% had fl uctuating PA levels. Patients 
who never met the guidelines and those with fl uctu-
ating PA levels were older (70.9, 65.8 vs. 59.3 years; 
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p    �    0.01) and reported more often two or more 
comorbid conditions (64%, 57% vs. 33%; p    �    0.01) 
compared to patients who always met the PA guide-
lines. Patients who never met the guidelines more 
often had a lower educational level compared to 
patients with fl uctuating and patients who always 
met the guidelines (33% vs. 16% and 9%). No dif-
ferences were seen between the groups with respect 
to time since diagnosis, sex, treatment and disease 
stage. Mean PA levels were highest for the patients 
always meeting the guidelines (12.5 h/wk), followed 
by patients with fl uctuating PA behavior (4.3 h/wk) 
and patients who were never meeting the guidelines 
(0.6 h/wk; p    �    0.01). 

  Fatigue . Although patients shortly after diagnosis 
( �    1 year; 19.5; 19.9; 20.8) reported lower mean lev-
els of fatigue compared to patients 1 – 5 years (21.3; 
21.9; 23.8) and  �    5 years after diagnosis (21.1; 22.7; 
22.9) at all three time points, these differences were 
not statistically signifi cant. Levels of fatigue were 
relatively stable over time with 46% of the patients 
never being fatigued, 29% always being fatigued, 
25% had fl uctuating fatigue levels. No differences 
were found between the fatigue groups (never 
fatigued, always fatigued, fl uctuating fatigue levels) 
with respect to age, time since diagnosis, sex, treat-
ment and disease stage. Patients who were always 
fatigued more often reported two or more comorbid 

  Table I. Sociodemographic and clinical characteristics of patients who completed only one or two or more questionnaires  �  .  

Respondents who completed 
only 1st questionnaire

  N    �    368

Respondents who completed 
 �    2 questionnaires

  N    �    483 p-Value

 Sex (male) 218 (59%) 300 (62%) 0.40
Age 60.2 (15.2) 61.3 (13.3) 0.26
Years since diagnosis 3.9 (2.7) 3.9 (2.6) 0.92
Stage # 

  I
  II
  III
  IV
  Unknown

  77 (21%)
  65 (18%)
  66 (18%)
  84 (23%)
  76 (21%)

  106 (22%)
  110 (23%)
  74 (15%)

  116 (24%)
  77 (16%)

0.18

Chemotherapy (yes) 238 (65%) 329 (68%) 0.31
Radiotherapy (yes) 86 (23%) 129 (27%) 0.30
Number of comorbid conditions 1.4 (1.3) 1.3 (1.2) 0.54
Number of comorbid conditions

  None
  One
  Two or more

  73 (29%)
  87 (34%)
  93 (37%)

  117 (30%)
  128 (33%)
  149 (38%)

0.88

Partner (yes) 284 (78%) 399 (83%) 0.10
Educational level

  Low
  Middle
  High

  50 (14)
  223 (62%)
  88 (24%)

  60 (12%)
  286 (59%)
  137 (28%)

0.41

BMI, mean score (SD) 27.6 (13.2) 26.3 (8.9) 0.11
Smoking status (yes) 65 (18%) 64 (13%) 0.07
Alcohol consumption (yes) 223 (66%) 303 (70%) 0.03
Walking (h/wk) 5.0 (4.6) 4.6 (4.0) 0.28
Cycling (h/wk) 3.3 (4.1) 3.7 (3.9) 0.25
Gardening (h/wk) 1.8 (2.4) 1.9 (2.3) 0.63
Housholding (h/wk) 8.0 (8.4) 7.8 (8.2) 0.74
Sport (h/wk)  $  4.8 (4.1) 4.8 (3.8) 0.97
Physical activity (h/wk) 17.5 (13.7) 18.0 (12.4) 0.57
MVPA, mean score (SD) 10.4 (8.9) 11.0 (8.2) 0.33
MVPA

  Not active
  Active, but not meeting guidelines
  Suffi ciently active
  Highly active

  10 (3%)
  33 (10%)

  214 (64%)
  79 (24%)

  12 (3%)
  32 (7%)

  285 (63%)
  125 (28%)

0.37

Fatigue, mean score (SD) 22.6 (7.9) 21.1 (7.3) 0.007
Fatigue * 

  Not fatigued
  Fatigued

  188 (53%)
  164 (47%)

  288 (61%)
  186 (39%)

0.04

      �  Refl ect characteristics at T1;  # Disease stage was not available for some indolent NHL and CLL patients;   $  Mean (SD) of the patients 
who indicated to sport;  * Not fatigued (as defi ned by a score of 10 – 21 on FAS) and fatigued (22 – 50). MVPA, moderate to vigorous physical 
activity.   
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conditions compared to patients who were never 
fatigued or with fl uctuating fatigue levels (55% vs. 
27% and 37%; p    �    0.001); and patients who were 
never fatigued less often had a lower educational 
level compared to patients who were always fatigues 
and with fl uctuating fatigue levels (6% vs. 15% and 
18%; p    �    0.001). 

  Physical activity and fatigue . At T1, patients reporting 
the highest levels of PA showed lowest levels of fatigue 
(Figure 1; p    �    0.001). Signifi cant differences, being 
of clinical importance, were seen between patients 
who did and did not met the PA guidelines at T1 and 
T2 (Figure 2; all p    �    0.001). At T3, fatigue slightly 
increased in the active group, making the differences 
between the active and inactive group not statistically 
signifi cant nor clinically relevant anymore. 

 Signifi cant differences were found between the 
three stability groups (always meeting; never meet-
ing guidelines and fl uctuating PA behavior) at T1 
and T2 on all fatigue scales (data not shown; all 
p    �    0.05), whereby patients always meeting the 
guidelines had the lowest levels of fatigue and 
patients never meeting the guidelines had the high-
est levels of fatigue. These differences were of clini-
cal importance for never meeting versus always 
meeting the PA guidelines.   

 Independent inter- and intra-individual association 
between physical activity and fatigue 

 With each additional hour of PA per week, the total 
fatigue level decreased approximately 0.2 points 
(95% CI 0.1 – 0.3; p    �    0.001), after controlling for 
sociodemographic and clinical characteristics and 
time of assessment (model I). 

 Model II showed that patients who met the PA 
guidelines scored, on average, 6.2 (95% CI 3.1 – 9.2) 
points lower on total fatigue (p    �    0.01). At T3 mean 
levels of fatigue were 2.6 points higher compared to 
T1 and 1.7 points higher compared to T2 (p    �    0.05). 
Higher levels of fatigue were associated with lower edu-
cational level ( β     �    5.2 compared to high educational 

level), comorbid conditions ( β     �    1.6) and lower age 
( β     �     � 0.2; all p    �    0.01). 

 In both models, no intra-individual effects were 
found. No signifi cant moderating effects of time on 
the association between PA and fatigue were found, 
indicating that the associations are likely to be stable 
over time.    

 Discussion 

 The aim of this longitudinal population-based study 
was to examine the relationship between PA and 
fatigue over time among lymphoma patients. PA and 
fatigue levels did not differ between patients short-
term ( �    1 year) and long-term after diagnosis (1 – 2 
years or  �    5 years). PA behavior was relatively con-
stant over time with 84% of the patients meeting the 
Dutch PA guidelines at all assessment periods. Fatigue 
scores also remained fairly stable over time with 46% 
of the patients never being fatigued and 29% always 
being fatigued. Patients who met the PA guidelines 
had clinically relevant lower total fatigue scores. In 
multivariate analyses a signifi cant between-subject 
effect was found for levels of moderate to vigorous PA 
and fatigue, indicating that patients who were more 
active over time reported lower levels of fatigue. 

 Our results are in line with those of other studies 
among different groups of cancer patients, as 
reported in two meta-analyses, showing that PA has 
a moderate benefi cial effect on fatigue (effect sizes 
 � 0.30  –   � 0.38) [16,17]. However, research among 
lymphoma patients is scarce. A previous study among 
long-term HL survivors ( �    5 years since diagnosis) 
reported a signifi cant association between increased 
fatigue and lower (not further defi ned) exercise fre-
quency [6]. Another study among 438 NHL survi-
vors found signifi cantly lower levels of fatigue for 
survivors post-treatment who met the public exer-
cise guidelines compared to those not meeting the 
guidelines, this relationship was not found among 
patients during treatment [18]. Another cross-
sectional study found no signifi cant differences in 
the level of PA between 143 HL patients with chronic 
fatigue and 333 HL patients without chronic fatigue 
[19]. Furthermore, a randomized controlled trial 
examined the effect of a 12-week aerobic exercise 
training on fatigue. There was a signifi cant group 
difference for levels of fatigue, which were better for 
the intervention group compared to the control 
group [20]. In an uncontrolled trial, nine HL patients 
with chronic fatigue who received a 20-week home-
based exercise program showed signifi cantly improved 
fatigue levels [21]. 

 We found a signifi cant between-patient effect of 
PA on fatigue, but within-patient effects were not 
found. A possible explanation for the absence of this 

  Figure 1.     Levels of fatigue stratifi ed by level of physical activity 
at T1.  
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a helpful intervention for most patients given the 
trainability of several of the underlying factors, while 
in some patients with a certain distinct profi le (also) 
pharmacological or psychological interventions will 
be indicated. 

 This is the fi rst population-based study among 
lymphoma patients reporting on the prospective asso-
ciation between PA and fatigue. Some limitations of 
the present study should be mentioned. First, although 
information was present regarding demographic and 
clinical characteristics of the respondents and non-
respondents, it remains unknown why non-respon-
dents declined to participate. It could be that fatigued 
patients were more often non-respondents in our 
study, as we also showed that patients who completed 
only one questionnaire were more fatigued than those 
who completed two or more questionnaires. Fatigue 
could therefore be a reason for attrition. When the 
more fatigued patients who completed only one ques-
tionnaire would have participated in the other two 
assessments, we are expecting to fi nd an even stronger 
association between PA and fatigue. Second, although 
our study has a longitudinal study design it is still not 
possible to determine causality among the study vari-
ables. Fatigue could be a barrier to become physically 
active, while the other way around regular exercise 
could also result in reduced fatigue levels. Further-
more, both PA levels and fatigue, could be infl uenced 
by variables that were not measured in this study. 
Another limitation is the use of a self-reported ques-
tionnaire to assess PA, which is susceptible to recall 
and social desirability. This may have led to an over-
estimation of PA and therefore absolute PA levels 
should be interpreted with caution. Future studies 
with objective physical activity measures (e.g. accel-
erometers in combination with a heart rate monitor) 
need to be conducted to test our fi ndings. Neverthe-
less, our results are in accordance with another Dutch 
study showing that two years after diagnosis, Dutch 
breast cancer survivors reported spending 24.2 h/wk 
on total PA, and 9.8 h/wk on MVPA [25]. In addition, 
the levels of MPVA of lymphoma survivors in our 
study seem comparable to a reference sample of 
Dutch people aged 65 years and older, who reported 
spending on average 90 min/day on MVPA (www.cbs.
nl). However, they used a different questionnaire 
which hampers direct comparison of MVPA levels. In 
addition, our study sample is relatively healthy with 
respect to PA; which might indicate survivorship bias, 
since unhealthy lifestyles are related to mortality 
among lymphoma patients. This means that the sur-
vivors who completed more than one questionnaire 
in this study are more physically active because the 
inactive survivors only fi lled out one questionnaire or 
died earlier after their diagnosis. Another explanation 
for the high PA levels may be the active lifestyle of 

effect is the stability over time of both PA and fatigue. 
A recent review study indicated that 21 – 29% of the 
lymphoma patients met the American College of 
Sports Medicine PA guidelines [7], this was approx-
imately 87 – 90% in our study. Although most of the 
participants in our study were suffi ciently active, 
there still remains room for improvement for these 
patients, as our analyses also showed that fatigue 
improved with each additional hour of PA. It could 
also be that exercise (specifi cally planned, structured, 
and repetitive training) has larger benefi cial effects 
on fatigue than PA (activities that get the body mov-
ing such as gardening) alone. More research is needed 
to elucidate the optimal dose, type, timing and length 
of exercise to prevent and/or mitigate chronic fatigue 
among cancer patients [22]. 

 The observed association between PA and fatigue 
underlines the importance to focus upon physical 
training in the care of cancer patients. Exercise pro-
grams prove to be very effective in increasing muscle 
strength and physical fi tness [23]. However embed-
ding of exercise programs in current oncologic reha-
bilitation guidelines is still not standard. Additionally, 
patients who are inactive are probably not likely to 
become spontaneously active. Pathophysiological or 
mental barriers or fatigue by itself could hinder 
patients from becoming more active [24]. Adequate 
information provision by healthcare professionals 
about the benefi ts of PA to reduce fatigue seems 
necessary. Besides this, most exercise interventions 
are focused at short-term outcomes, while most 
patients will relapse into their  “ old ”  less active 
behavior in the long run. Therefore future PA inter-
ventions should include successful behavioral com-
ponents into their program to increase the likelihood 
of structured PA behavioral changes. Additionally, a 
clearer understanding of the biology and genetics of 
fatigue will help the development of future personal-
ized interventions, whereby physical training may be 

  Figure 2.     Levels of fatigue stratifi ed by level of physical activity. 
At T1 and T2 the difference between the groups were statistically 
signifi cant (p    �    0.001), at T3 the difference was not signifi cant 
anymore.  
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Dutch people after retirement, 66% of the study pop-
ulation was retired at the fi rst assessment time. In 
addition, being diagnosed with lymphoma probably 
made people more aware of the importance of enough 
physical activity. Last, because all participants were 
lymphoma survivors, we can only generalize our 
results to this group of survivors. 

 To conclude, this study showed that the positive 
association between PA and lower levels of fatigue 
among lymphoma patients is consistent over time. 
Patients who are meeting the PA guidelines report 
lower levels of fatigue compared to those not meeting 
the guidelines. Within patients fatigue and PA levels 
are relatively stable over time.         

  Declaration of interest:  The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper.   
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