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Abstract
Objective. Myeloproliferative neoplasms (MPNs) are rare hematological malignancies characterized by debilitating fatigue. Chronic stimulation of the hypothalamic-
pituitary-adrenal axis, due to cytokine overproduction and other factors during the cancer process, may represent one of numerous pathways leading to fatigue and 
decreased quality of life. The purpose of this study was to explore the characteristics of the diurnal cortisol response of MPN cancer patients and examine its 
association with self-reported physical and mental health.  

Methods. Fifteen participants completed an online survey on physical and mental health, and collected saliva samples at home upon awakening, 30 minutes after 
waking, noon, and bedtime. Multiple indices of cortisol diurnal activity were estimated and compared against normative and flattened profiles published in a prior 
study on US adults, and their association with self-reported physical and mental health was explored.

Results. Area under the curve (AUCG) and cortisol awakening response (CAR) of MPN patients were significantly lower compared to normative values. Area under 
the curve (AUCG and AUCI), slope and evening cortisol were found to be significantly lower than flattened values. Additionally, a significant negative association was 
found between AUCG and perceived overall physical health.

Conclusion. A decline in total cortisol output may be indicative of physical health deterioration and a precursor of fatigue among MPN cancer patients; however, 
studies with larger samples are needed to confirm these results.

*Correspondence to: Maricarmen Vizcaino, School of Nutrition and Health 
Promotion, Arizona State University, 550 North 3rd St. Phoenix, AZ 85004, 
Arizona, USA, E-mail: mvizcain@asu.edu

Key words: cancer, cortisol, hypothalamic-pituitary-adrenal (HPA) axis, 
myeloproliferative neoplasms

Received: September 28, 2018; Accepted: October 09, 2018; Published: October 
11, 2018

Introduction
Myeloproliferative neoplasms (MPNs), including polycythemia 

vera (PV), essential thrombocythemia (ET), and myelofibrosis (MF), 
are Philadelphia-negative clonal myeloid malignancies characterized 
by abnormal hematopoiesis, splenomegaly, risk of thrombotic and 
hemorrhagic sequelae, and risk of transformation to acute myeloid 
leukemia. Overall survival is significantly less compared to age-
matched controls [1,2], but higher compared to many other cancers; 
patients can survive for several years and even a decade after diagnosis 
[3]. Survival years are characterized by severe symptom burden, from 
which the most common and debilitating is fatigue that contributes 
to diminished both physical and social functioning, and dramatically 
impacts quality of life [4]. 

Although the origin of fatigue may include multiple factors such 
as disease complications, comorbidities, psychological stress (e.g. 
anxiety, depression), and lifestyle habits [5], it has been suggested that 
fatigue may also have a pathophysiological origin. Cellular alterations 
that lead to cancer produce changes in cytokine expression, including 
abnormal cytokine production resulting from the body’s inability to 
control cellular damage. Increased activity of tumor necrosis factor 
alpha (TNF-α) has been associated with fatigue severity in women with 
breast cancer [6], whereas elevations in multiple cytokines including 
interleukin (IL)-6, IL-8, and TNF-alpha have been associated with 
symptomatology and disease progression across the Philadelphia-
negative MPN subtypes [7]. Nonetheless, the exact mechanism that 

explains the role of cytokines in the appearance and development of 
fatigue in cancer has not yet been fully elucidated.    

Several cytokines, such as IL-6 and TNF-α, are known to stimulate 
the hypothalamic-pituitary-adrenal (HPA) axis [8] and when their 
activity is enhanced above normal conditions, such as in cancer, a 
chronic activation of the HPA axis may lead to exhaustion of adrenal 
glands or hypothalamic-medullar structures [9]. The subsequent 
HPA-axis burnout may result in underproduction of cortisol, which 
in turn has been associated with chronic and long-lasting fatigue in 
other medical conditions [10]. Furthermore, cortisol’s main function 
is the restoration of homeostasis following stress exposure through a 
variety of actions including the inhibition of cytokine synthesis [11]; 
consequently, its limited availability may create a vicious cycle by 
contributing to additional cytokine production (Figure 1).  

The HPA axis may be further overstimulated by sleep and 
psychological disturbances [12] known to be highly prevalent 
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among the Philadelphia-negative MPN subtypes [13,14], potentially 
contributing this way to the endless cycle of fatigue. The interaction 
between psychological and behavioral factors on neuroendocrine 
imbalances as part of a continuous cycle that is difficult to disrupt has 
been described before among breast cancer survivors [15].  

An “exhausted” HPA axis, and subsequently an inability to 
adequately regulate the physiological response to stress, may 
represent one of various pathways contributing to the development 
of fatigue among MPN cancer patients. The temporal implication (i.e. 
underproduction of cortisol preceding fatigue) is supported by previous 
longitudinal research that found low waking cortisol levels and a flat 
diurnal cortisol slope to be significantly associated with new-onset 
fatigue 2-4 years later among healthy adults controlling for potential 
confounders (e.g. demographics, collection factors, behavioral factors, 
and measures of health) [16]. Nonetheless, this pathway has not been 
studied in MPN cancer patients.  

Research exploring the interactions between cytokine and 
cortisol production in cancer-related fatigue is limited. However, the 
available evidence indicates that fatigued cancer patients do exhibit 
underproduction of cortisol during acute stress, which is in turn 
associated with elevated cytokines. Bower, et al. [17] found that breast 
cancer survivors with persistent fatigue did not exhibit the expected 
cortisol increase after The Trier Social Stress Test despite the presence 
of significant elevations in autonomic responses such as blood pressure 
and heart rate compared to non-fatigued cancer survivors showing a 
4-fold cortisol increase after the stress challenge. 

Moreover, Bower, et al. [18] found a significant inverse association 
between cortisol production and IL-6 levels; that is, as cortisol 
increased, IL-6 levels decreased and as cortisol failed to increase, IL-6 
levels increased. Further analysis of the data revealed that cortisol 
production, and not hormone sensitivity, predicted changes in IL-6, 
and hence they concluded that inadequate cortisol production may 
lead to exaggerated inflammatory responses and possibly contribute to 
a chronic inflammatory state in this subgroup of cancer patients [18].

An “exhausted” HPA axis may be further indicated by disruptions 
in cortisol diurnal activity. Normal cortisol secretion follows a daily 
pattern, with an abrupt increase 30 minutes following awakening and 
a subsequent decrease that continues throughout the day, reaching 
the lowest point at night [19,20]. Although a flattened profile has been 
observed in approximately 7-10% of adults, which is characterized 
by a small increase following awakening and elevated cortisol values 
throughout the day [20,21]. 

Multiple chronic conditions (e.g. fibromyalgia, chronic fatigue 
syndrome, diabetes mellitus) show disrupted patterns in cortisol 
diurnal activity, such as a combination of a flat slope and lower cortisol 
values, compared to what has been observed among the average adult 
population [22-24]. Similarly, dysregulated cortisol responses have 
been observed among ovarian and breast cancer patients including 
erratic peaks, a plateau with high values, and flatter slopes as compared 

to healthy controls [25,26]. Among cancer patients, those showing 
dysregulated cortisol diurnal activity report poorer self-perceived 
health and higher levels of fatigue [27-29]. Moreover, a flat diurnal 
cortisol rhythm has been identified as a significant and independent 
predictor of earlier mortality among lung and breast cancer patients 
after controlling for various markers of disease status, medical 
treatments, and psychosocial variables [30,31].

It may be possible that alterations in cortisol diurnal activity 
are also present among other cancer populations, including those 
diagnosed with the Philadelphia-negative MPN subtypes; however, 
current literature has not described cortisol responses in this subgroup 
of cancer patients. Identifying dysregulations in cortisol diurnal 
activity may provide important insight into the health status of MPN 
cancer patients and allow an examination of the complex interplay 
between pathophysiological and psychological factors that affect 
circadian regulation and potentially contribute to the development of 
fatigue in MPN cancer. Thus, the purpose of this study was to explore 
the characteristics of the diurnal cortisol response among MPN cancer 
patients and its association with self-reported physical and mental health.  

Methods
Data were derived from a previously published pilot study that 

examined the feasibility of remotely collecting biological samples prior 
to an online yoga intervention [32]. The study was approved by the 
institutional review board at a University in the Southwest United States. 
Patients previously diagnosed with the Philadelphia-negative classic 
MPNs (PV, ET, and MF) were recruited nationally through internet-
based strategies (e.g. social media, email listervs) for participation in 
an online yoga intervention. Potential participants completed a brief 
questionnaire to determine eligibility for participation. Those who 
were eligible for the intervention and who were randomized to the 
online yoga group received an additional questionnaire to determine 
eligibility specifically for saliva cortisol collection. 

In order to minimize the impact of behaviors/factors known to 
influence the cortisol response [33], a specific exclusion criteria was 
followed and included: 1) current use of steroid-base medications, 2) 
diagnosed endocrine disorders, 3) diagnosed mood disorders, 4) recent 
surgery that involved general anesthesia, and 5) current smoker. Only 
patients that were eligible for saliva cortisol collection were mailed a 
package that contained detailed instructions describing how to properly 
collect saliva at home in addition to all saliva collection materials. 

Participants completed an online questionnaire via Qualtrics 
(Provo, UT) that assessed demographics (i.e., age, weight, height, 
income status, marital status, etc.), MPN-related health history (i.e., 
diagnosis, treatment history, current treatments, presence of anemia, 
etc.), and physical/mental health. Perceived overall physical health 
was assessed with the question “Considering your age, how would you 
describe your overall physical health?” and was answered in a scale from 
1= Excellent to 5 = Poor). Self-rated health has been consistently found 
to be an independent predictor of mortality even after controlling for 
health practices and sociodemographic variables [34,35].

Anxiety, depression, sleep disturbance, and pain intensity were 
measured using the National Institutes of Health Patient Reported 
Outcomes Measurement Information System (NIH PROMIS) [36]. 
Each outcome was measured with items answered in a 5-point Likert-
scale. Items were summed across and the raw scores were converted 
to standardized t-scores using the publicly available NIH PROMIS 
scoring tools. A higher PROMIS score represents more of the concept 

Figure 1. Hypothesized pathway linking cytokine production to fatigue in MPN cancer 
aggravated by sleep and psychological disturbances
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being measured. The NIH PROMIS is a reliable and valid measure to 
assess patient-reported outcomes in cancer patients [37]. 

Fatigue was measured with the first question of the 
Myeloproliferative Neoplasm Symptom Assessment Form (MPN-
SAF) [38]. The question asks the respondent to rate fatigue experienced 
during the last 24 hours in a 10-item scale ranging from 0 = no fatigue 
to 10 = worst imaginable. The MPN-SAF has been found to be valid 
and reliable in evaluating symptoms related specifically to MPN in 
multiple languages and with numerous populations.

Saliva collection. Participants were instructed to collect saliva 
at four different time points (upon awakening, 30 minutes post-
waking, noon, and bedtime) over the course of one day prior to the 
yoga intervention. Before providing each sample participants were 
told to abstain from major meals, to avoid certain foods and liquids, 
to not brush teeth and to not rinse mouth. In a worksheet provided, 
participants reported the exact time of saliva collection for each time 
point in standard time, in addition to any oral health problems or acute 
illnesses. Participants used an oral swab (Salimetrics, LLC) for saliva 
collection and followed the instructions provided by the manufacturer, 
then stored collected samples in their personal freezer until shipment 
to the research staff. The times of saliva collection recorded on their 
respective worksheets indicated that instructions were followed within 
an acceptable margin. After receipt, samples were frozen and stored 
at -80 °C at the ASU laboratory until shipment to the Institute for 
Interdisciplinary Salivary Bioscience Research (IISBR) at the University 
of California-Irvine (UCI) for cortisol content analysis. Collection 
of saliva samples at home has become standard protocol in cortisol 
research given the limitations of laboratory settings and the relevance 
of naturalistic conditions [39,40] and is the same methodology followed 
by previously cited studies [25,29,31,41].   

Cortisol analysis.  On the day of the analysis, saliva samples 
were thawed completely and centrifuged at 1500 x g for 15 minutes 
to precipitate mucins. Clear samples were added to a standard 96-
well plate and analyzed in duplicate using a highly sensitive enzyme 
immunoassay (Salimetrics, LLC). The test uses 25  μL of saliva per 
determination, has a lower limit of sensitivity of 0.007 μg/dL, standard 
curve range from 0.012  μg/dL to 3.0  μg/dL, an average intra-assay 
coefficient of variation of less than 10 percent and an average inter-
assay coefficient of variation less than 15 percent. Cortisol content was 
derived from the mean of the two results and reported in µg/dL.

Cytokine analysis. Blood samples were collected by Quest 
Diagnostics patient service centers (PSC) around the country. 
Participants were instructed to go to the nearest Quest Diagnostics 
PSC and receive a blood draw from a certified phlebotomist on staff. 
The obtained blood samples were analyzed for serum cytokines (IL-6, 
TNF-α) content; results are reported in pg/mL. 

Statistical analysis. Multiple indices of cortisol diurnal activity 
were estimated from the salivary samples obtained from MPN 
participants. For morning and night cortisol the samples collected 
immediately upon awakening and at bedtime were used respectively. 
Cortisol awakening response (CAR) was calculated by subtracting 
the immediately upon awakening value from the 30 min post-waking 
value. Area under the curve with respect to the ground (AUCG) and 
area under the curve with respect to increase (AUCI) were calculated 
using the trapezoidal formulas as suggested by the literature [42]; these 
methods provide an estimation of the total cortisol output and cortisol 
change over time, respectively. Cortisol slope was calculated by linearly 
regressing log transformed cortisol values to hours of the day when 
salivary cortisol was sampled. 

Using the same calculations as above, normative indices were 
estimated from the normative cortisol profile published in a prior 
study [20]; values from each time point were converted from nmol/L 
to µg/dL, and then used to estimate cortisol indices. This normative 
profile was derived from a large sample of US adults between the ages 
of 34-87 years, with 83% Caucasian, 10% Black, and 7% other racial 
origins; which is similar to the demographic characteristics of the MPN 
population [3]. In addition, because previous studies have observed 
that approximately 7-10% of adults show no discernible diurnal cycle, 
indices for the flattened profile also published by Dmitrieva, et al. [20] 
were calculated. 

Data violated assumptions of normality as assessed by visual 
inspection of histograms and the Shapiro-Wilk test (p<0.01), except for 
AUCG. Log transformation failed to normalize the data, except for the 
slope. Hence, to compare indices of cortisol diurnal activity of MPN 
participants against the calculated normative and flattened indices, 
independent t-tests were used for AUCG and slope, whereas one-
sample Wilcoxon signed rank tests were used for all the other cortisol 
variables. The association of cortisol diurnal activity with physical and 
mental health of MPN participants was probed through Spearman’s 
rho correlational analyses between estimated cortisol indices and 
raw scores from cytokines (IL-6, TNF-α), anxiety, depression, sleep 
disturbance, pain intensity, fatigue, and perceived physical health. 
Significance was set at alpha < 0.05.

Results
Sixty-two MPN patients enrolled in the pilot study, 34 were 

randomized into the yoga group, 18 were eligible for saliva collection, 
and 15 returned saliva samples prior to the intervention. Demographic 
information on the patients that completed diurnal cortisol sampling is 
provided in Table 1. Five patients were diagnosed with PV, six with ET, 
and four with MF; the majority were diagnosed more than three years 
ago. All patients were White and non-Hispanic. The only common 
comorbidity among this group was high blood pressure, which was 
reported by 40% of patients (n = 6).  

Physical and mental characteristics of MPN patients are presented 
in Table 2. Anxiety, depression, and sleep disturbance levels were 
within normal limits as compared to normative values in a general 
population. Pain intensity was slightly below the mean; the majority of 
patients described their pain as “mild” to “moderate” (n = 12). Fatigue 
was slightly above the mean previously described in MPN populations; 
M = 5.7, SD = 2.4 vs. M = 4.4, SD = 2.8 [43]. None of the patients in this 
group had advanced to acute myeloid leukemia, none had their spleen 
removed, only five reported an enlarged spleen and only one reported 
severe bleeding in the past; however, several reported anemia (n=9). 
The majority were taking medication including hydroxyurea (n = 11), 
aspirin (n = 12), interferon (n = 3), anagelide (n = 3), and ruxolitinib/
JAK2 inhibitor (n = 3). For additional MPN therapies used in the 
past, only one patient reported stem cell transplantation, one reported 
radiation, and half reported having a phlebotomy in the past (n = 7).  

Visual inspection of individual cortisol curves (time of collection 
plotted against cortisol concentration) showed a flattened cortisol 
profile in five MPN patients that lack the typical rise observed 30 
minutes after waking in healthy populations. The rest of the patients 
showed the same pattern of cortisol rising after waking and falling 
sharply afterwards with the lowest point at bedtime; however, values 
were consistently lower compared to the normative curve (Figure 2). 
Statistical analysis revealed that only the AUCG and CAR of MPN 
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physical health with a scale ranging from 1 (Excellent) to 5 (Poor). No 
significant associations were found between AUCG and the rest of the 
variables under investigation (all p > 0.09) (Table 4). 

The rest of cortisol indices (morning cortisol, evening cortisol, 
CAR, AUCI, cortisol slope) did not show significant associations 
with perceived physical health or any of the patient-reported physical 
symptoms. Anxiety was significantly associated with perceived physical 
health and depression; r = 0.55, p = 0.03 and r = 0.85, p < 0.001, 
respectively. Lastly, morning cortisol was significantly and negatively 
associated with AUCi (r = -0 .97, p < 0.00) and cortisol slope (r = 
-0.68, p < 0.00), while AUCi was significantly and positively associated 
with cortisol slope and CAR (r = 0.62, p = 0.01 and r = 0.53, p = 0.04, 
respectively). 

Discussion
The present pilot study found a reduced AUCG and CAR among 

MPN cancer patients as compared to normative values derived from 
data previously published on US adults. In addition, the cortisol profile 
of MPN cancer patients was found significantly different from the 
flattened profile present among 10-17% of the general population as 
evidenced by both indices of AUC, slope and evening cortisol. These 
results may indicate that observed variations in the cortisol diurnal 
activity of MPN patients are the result of the disease and its physical and 
psychological disturbances, and not just due to uncommon variations 
found among the general population. 

Suboptimal cortisol output may be an indication of the biological 
and psychological burden of cancer disease. Cellular alterations that 
give rise to inflammation, in addition to the mental stress during cancer 
diagnosis and treatment, may continually activate the HPA axis leading 
to “exhaustion” of adrenal glands. Subsequent underproduction of 
cortisol places the patient at risk for further inflammation during 
episodes of stress creating a vicious cycle (Figure 1). As previously 
explained before, this may represent one of several pathways that 
contribute to the development and perpetuation of fatigue among 
MPN cancer patients.   

Previous studies have found dysregulation in the cortisol diurnal 
activity of cancer patients, which in turn has been associated to disease 
progression and worse prognosis. For example, elevated night cortisol 
was associated to high tumor grade among ovarian cancer patients 
[29], whereas a flattened cortisol slope was associated with early 
mortality among metastatic breast and lung cancer patients [25,30,31]. 
Participants in the present sample did not report evidence of advanced 
disease (e.g. post PV/ET myelofibrosis, acute myeloid leukemia, spleen 
removed, severe bleeding). This may explain the lack of disruption in 
other indices of cortisol diurnal activity as compared to the normative 
profile (morning cortisol, evening cortisol, AUCi, and slope). 

In addition, participants reported average levels of anxiety, 
depression, sleep disturbance, and pain intensity, as well as moderate 
symptoms of fatigue. Disruption of the HPA axis has been linked 
to psychosocial stress and stress-related bodily disorders (e.g. 
fibromyalgia). Hence, moderate symptoms of psychological/physical 
disturbances among the patients in this sample may not represent 
additional overload to the HPA axis further explaining unperturbed 
diurnal rhythm (i.e. slope, AUCI).

In the present study, a significant negative association was found 
between total cortisol output and perceived overall physical health, 
that is, as the AUCG became lower participants reported poorer 
physical health (1= Excellent, 5= Poor). Similarly, Ho, et al. [28] found 

patients were significantly lower compared to the normative profile. 
On the other hand, AUCG, AUCI, slope, and evening cortisol of 
MPN patients were significantly lower compared to the flattened 
profile, whereas CAR and morning cortisol of MPN patients were not 
significantly different than flattened values (Table 3).    

Spearman correlation analysis revealed a significant negative 
association between AUCG and perceived overall physical health (r = 
-0.53, p = 0.04), indicating that those patients showing a lower cortisol 
output during the sampled day also reported the worst perceived 
overall physical health; recalling that participants described their 

Frequency Percent
Age
40-50 3 20.0
51-60 7 46.6
61 and older 5 33.3
Household income
21,000-40,000 3 20.0
41,000-60,000 2 13.3
61,000 and above 10 66.7
Educational level
High school 2 13.3
Some college 2 13.3
Associate’s degree 3 20.0
Bachelor’s degree 5 33.3
Graduate school or above 3 20.0
Marital status
Married 13 86.7
Widowed 2 13.3

Table 1. Demographic characteristics of MPN patients completing saliva collection from 
online yoga intervention study

Mean SD
Overall physical health 3.20 0.56
Anxiety 50.79 8.26
Depression 49.03 7.97
Sleep disturbance 50.50 6.14
Pain intensity 43.99 9.73
Fatigue 5.73 2.43

Table 2. Physical and mental characteristics of MPN patients completing saliva collection 
from online yoga intervention study

Note. Overall physical health was reported in a scale from 1=Excellent to 5= Poor. Anxiety, 
depression, sleep disturbance, and pain intensity were assessed with the NIH PROMIS 
questionnaire and are presented as t-scores, in which 50 is the mean of the population. 
Fatigue was assessed with the MPN-SAF TSS questionnaire and is presented as a raw 
score.

Figure 2. Cortisol diurnal rhythm of myeloproliferative neoplasms patients as compared to 
profiles derived from a US sample from the Dmitrieva, et al. study [20]
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a significant association between cortisol slope and perceived health 
among breast cancer patients controlling for age, cancer duration, and 
awakening time. These observations may indicate that as the physical 
health of cancer patients begin to deteriorate dysregulation in the 
diurnal cortisol activity starts to emerge. 

Previous literature suggests that hypocortisolism or a hyporeactive 
HPA axis may result from prolonged periods of stress characterized by 
an initial hyperactivity of the HPA axis and excessive glucocorticoid 
release [44]. Therefore, dysregulations in total cortisol output among 
MPN patients may possibly appear in the early stages of disease, 
starting with a higher than normal AUCG and progressing to a lower 
than normal AUCG. On the other hand, disruptions in the diurnal 
cortisol rhythm (e.g. slope, AUCI) likely appear when the cancer has 
advanced into more aggressive stages or when the cancer has persisted 
for several years (as may be the case in MPN), leading to the emergence 
of debilitating physical symptoms like chronic fatigue. However, the 
current evidence is still inconclusive and additional studies are needed 
to support the present findings. 

Some of the mechanisms that may be involved in the observed 
decrease in total cortisol output or deficiency of cortisol may include 
alterations along the HPA axis (e.g. reduced adrenocortical secretion, 
enhanced negative feedback inhibition), increased cortisol clearance, 
and/or reduced sensitivity of target cells for cortisol signaling [44]. 
Moreover, one important determining factor for the development of 
cortisol deficiency is the stressor characteristics [45]. Psychosocial and 
behavioral factors may play an important role in the appearance of cortisol 
diurnal dysregulations among MPN patients as they perceive and manage 
their disease in different ways leading to variations in the intensity and 
controllability of the stressor (cancer diagnosis and treatment). 

Psychological and behavioral factors have been proposed to 
interact with neuroendocrine responses and ultimately determine 
health outcomes among cancer patients [15] and recent evidence 
may support this theory. For instance, among breast cancer patients 
perceived stress has been found negatively associated with AUCG, 
indicating that as stress increases the total cortisol output decreases; 
whereas a “fighting spirit” as measured by the Mental Adjustment 
to Cancer Scale, has been found positively associated with AUCG, 
indicating that as this positive construct increases the total cortisol 
output increases as well (46). Therefore, it is of crucial importance that 
clinicians consider the incorporation of therapies that can potentially 
enhance the psychological and physical well-being of patients. 

Limitations 
This pilot study has several limitations, including a small sample 

size composed of relatively “healthy” MPN patients. Studies with 
larger and more representative samples of MPN cancer patients are 
needed to confirm these findings. In may be possible that the observed 
perturbations in cortisol diurnal activity are characteristic of our 
particular sample; nonetheless, greater disturbance in cortisol diurnal 
activity may be expected from a more typical MPN patient sample 
given the high prevalence of fatigue and other physical symptoms in 
this cancer population [4].

Another limitation was a single-day measurement of cortisol given 
the feasibility nature of the pilot study from which the data derived. 
However, several studies examining diurnal cortisol rhythm in cancer 
patients have found no significant differences between sampling days 
[28,47,48] and hence we feel that our data may still be a valuable first step 
in the examination of cortisol diurnal activity of MPN cancer patients. 

Cortisol index Difference from normative profile Difference from flattened profile
Morning cortisola 0.33 (0.16, 0.45) 0.152 0.171
Evening cortisola 0.05 (0.03, 0.07) 0.003 -0.287**

CARa 0.02 (-0.04, 0.26) 0.234* -0.081
AUCG

a 2.43 0.93 -1.813** -5.563**

AUCI
a -2.21 (-4.69,-0.77) 1.210 2.180**

Slopeb - 0.13 0.06 0.007 -0.104**

Table 3. Cortisol diurnal activity from MPN patients as compared to normative and flattened values from a US population sample

Note: CAR = cortisol awakening response, AUCG = area under the curve with respect to the ground, AUCI = area under the curve with respect to increase. Normally distributed variables are 
presented as mean ± standard deviation; non-normally distributed variables are presented as median and interquartile range (25th, 75th).
aµg/dL. bLog of µg/dL. *p < 0.05; **p < 0.01

Cortisol 
am

Cortisol 
pm CAR AUGg AUCi Slope Physical 

health Anxiety Depression Sleep fatigue Pain IL-6 TNF-α

Cortisol am 1 -0.202 -0.415 0.450 -0.974⸷ -0.685⸷ -0.052 0.097 0.052 0.074 -0.249 -0.309 0.105 -0.165
Cortisol pm 1 -0.107 -0.057 0.129 0.721⸷ -0.441 0.004 -0.220 -0.155 -0.079 -0.245 -0.028 -0.252
CAR 1 0.129 0.536* 0.311 -0.116 -0.339 -0.393 -0.450 -0.226 0.140 -0.392 -0.172
AUGg 1 -3.350 -0.104 -0.530* -0.213 -0.094 0.230 -0.384 -0.170 -0.350 0.028
AUCi 1 0.621* 0.000 -0.175 -0.128 -0.138 0.210 0.248 -0.238 0.214
Slope 1 0.019 -0.130 -0.105 -0.131 0.127 0.288 -0.133 0.270
Physical health 1 0.555* 0.376 0.017 0.260 0.285 0.367 0.162
Anxiety 1 0.851⸷ 0.222 0.354 0.403 0.481 -0.294
Depression 1 0.404 0.248 0.511 0.527 -0.352
Sleep 1 0.435 0.079 0.113 -0.166
fatigue 1 0.241 0.050 -0.145
Pain 1 0.544 0.166
IL-6 1 -0.344
TNF-α 1

Table 4. Spearman correlation analyses between cortisol indexes and psychological/physiological parameters of MPN patients

Note: CAR = cortisol awakening response, AUCG = area under the curve with respect to the ground, AUCI = area under the curve with respect to increase, IL-6=interleukin 6; TNF-α=tumor 
necrosis is factor alpha. *Statistically significant at alpha level 0.05. ⸷ Statistically significant at alpha level 0.01.
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Finally, although a hypothetical pathway that may explain the 
appearance of fatigue among MPN cancer patients was presented, the 
observational and correlational nature of the study limits any causal 
inferences. It may be possible that the directional effect is reversed 
and fatigue, accompanied by perceived poorer physical health, leads 
to alterations in rest-activity cycles that in turn disrupt circadian 
rhythmicity including cortisol activity. Future research is needed to 
continue investigating the complex interaction between physiological/
psychological disturbances derived from the MPN cancer process, 
diagnosis, and treatment on the circadian rhythmicity and fatigue 
among patients. 

Future research suggestions

Future studies should incorporate MPN patients with varied degrees 
of physical symptoms and disease status to allow for the exploration 
of changes in cortisol diurnal activity during cancer progression and 
treatment. For example, an important line of inquiry may be whether 
patients that have advanced towards the more symptomatic and worse 
prognosis of post PV/ET myelofibrosis or acute myeloid leukemia 
show greater cortisol dysregulation compared to patients that have 
maintained original diagnosis. In addition, future investigations should 
explore whether cortisol dysregulation differs between the different 
MPNs and what the implications may be for the patient’s health status 
and subsequent medical treatment. 

Lastly, it is of great importance that future research consider the 
standardization of cortisol measurement and detailed reporting of 
what was measured and how. Some previous studies have described 
the estimation of AUC without specifying whether the calculations 
were based on the formula with respect to the ground or with respect to 
increase, and these formulas indicate different concepts as previously 
mentioned. Standardization of cortisol measurement in cancer research 
will allow comparison of findings between studies, and possibly clarify 
whether discrepancy in results are due to measurement differences or 
due to inherent differences between cancer types, disease progression, 
and/or prognosis. 
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