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Anxiety and depression p
redict unfavorable
survival in acute myeloid leukemia patients
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Abstract
This study aimed to investigate the prevalence/severity of anxiety and depression, and also their correlations with clinical
characteristics and survival profiles in acute myeloid leukemia (AML) patients.
In all, 208 AML patients and 200 age and sex-matched healthy controls (HCs) were recruited in this study. Anxiety and depression

were assessed by the Hospital Anxiety and Depression Scale (HADS) in AML patients before initiating therapy and in HCs after being
enrolled. Treatment response was assessed, and event-free survival (EFS), and also the overall survival (OS) were calculated.
The HADS-anxiety score (P< .001), anxiety prevalence (P< .001), and anxiety severity (P< .001) were increased in AML patients

than those in HCs. The HADS-depression score (P< .001), depression prevalence (P< .001), and also depression severity (P< .001)
were higher in AML patients compared with HCs. No correlation of anxiety or depression with clinical characteristics was found in
AML patients (all P> .05). Moreover, the anxiety (P= .178) and depression (P= .512) rates were similar between complete remission
(CR) patients and non-CR patients. Additionally, the EFS was worse in anxiety patients compared with nonanxiety patients (P= .013).
The OS was shorter in anxiety patients compared with nonanxiety patients (P= .015) and was also worse in depression patients
compared with nondepression patients (P= .007).
Anxiety and depression are much more frequent and severe in AML patients compared to HCs, and both of them predict

unfavorable survival profiles in AML patients.

Abbreviations: AML = acute myeloid leukemia, CEBPA = CCAAT/enhancer-binding protein a, CR = complete remission, EFS =
event-free survival, FAB = French-American-British, FLT3-ITD = FMS-like tyrosine kinase 3, HADS = Hospital Anxiety and
Depression Scale, HADS-A=HADS—anxiety, HADS-D=HADS—depression, HCs= healthy controls, HSCT= hematopoietic stem
cell transplantation, MK = monosomal karyotype, NPM1 = nucleophosmin, OS = overall survival, SD = standard deviation, WBC =
white blood cell.
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1. Introduction

Acute myeloid leukemia (AML), one of the most common acute
leukemia, is predicted to be increased in incidence along with the
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aging of the population because the disease occurs more frequent in
the elderly.[1] Although a number of novel drugs have been
developed—thanks to the progress in scientific investigations of
AMLgenetics—the overviewofAMLmanagement does not change
much since roughly 3 decades ago.[2] Usually AML treatments
include induction chemotherapy and consolidation therapy, and in
the latter, hematopoietic stem cell transplantation (HSCT) is
currently the only potentially curative treatment; however, HSCT
requires a sophisticated risk assessment resulting from a rather high
incidence of treatment-relatedmorbidity andmortality;moreover, a
matched donor is always challenging to find.[3] Therefore, the
prognosis of AML has been improved, but remains poor in recent
years,with a 5-year survival rate being approximately under 50% in
younger patients and even worse in elderly patients.[4,5]

The substantial mental distress caused by disease burden (such
as estimated poor prognosis) has resulted in an increasing
prevalence of psychiatric disorders in AML patients with anxiety
and depression being the most frequent disorders.[6,7] In fact, in
patients with other cancers, anxiety and depression not only
present with a pejorative effect on the quality of life, but also have
a damaging effect on the treatment efficacy and survival profiles
in patients with various cancers, such as nonsmall lung cancer
and head and neck cancer.[8–10] Also, anxiety and depression
have been reported to have prognostic value in leukemia patients
as well; for instance, in chronic leukemia patients, anxiety and
depression are correlated with tyrosine kinase inhibitor discon-
tinuation.[11] Nevertheless, there is still no study that has been
done to explore the direct prognostic value of anxiety and
depression in AML patients.
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Thus, this study aimed to investigate the prevalence/severity of
anxiety and depression, and also their correlations with clinical
characteristics and survival profiles in AML patients.
2. Materials and methods

2.1. Patients

Between January, 2016 and December, 2018, a total of 208 de
novo AML patients treated at The Central Hospital of Wuhan,
Tongji Medical College, Huazhong University of Science and
Technology, were recruited in this study. The eligibility criteria
included: confirmed diagnosis of primary AML according to the
2008 World Health Organization classification criteria based on
the clinical findings, cell morphology, immunophenotyping,
cytogenetics, and molecular cytogenetics tests[12]; age above 18
years; no history of mental disease before establishing the
diagnosis of AML; being able to complete the Hospital Anxiety
and Depression Scale (HADS) assessment independently; and
able to be regularly followed up. Also, the following patients were
excluded: received any treatment for AML before recruitment;
secondary or relapsed AML; suffered from other malignancies;
and pregnant or breastfeeding women. In addition, 200 healthy
subjects with age and sex matched with AML patients were
screened as healthy controls (HCs) cohort on the Department of
Health Physical Examination at our hospital. All HCs were able
to fulfill the HADS assessment independently, and had neither a
history of cancers nor obvious abnormality in general heathy
status, which were indicated by medical history, general
examinations, and laboratory examinations. The approval for
performing the study was obtained from the Institutional Review
Board of The Central Hospital of Wuhan, Tongji Medical
College, Huazhong University of Science and Technology, and
the written informed consents were collected from all enrolled
subjects before initiation of study.

2.2. Collection of baseline data

The baseline data of all the AML patients were recorded after
enrollment, which included the age, sex, French-American-British
(FAB) classification, cytogenetics and molecular cytogenetics,
risk stratification, and alsowhite blood cell (WBC) level. The FAB
classification was assessed according to the criteria developed by
the FAB Cooperative Group[13]; the cytogenetics and molecular
cytogenetics were examined by conventional cytogenetic and
molecular analyses or fluorescence in situ hybridization; and the
risk stratification was evaluated in accordance with the National
Comprehensive Cancer Network Clinical Practice Guidelines in
Oncology of AML (Version 2.2014).

2.3. Assessment of anxiety and depression

Anxiety and depression of AML patients were assessed before the
initiation of any therapy, with the use of HADS. Before HADS
assessment, patients were given a guide on how to fill out the
HADS questionnaires; then AML patients were required to fulfill
theHADS questionnaires independently. Apart from this, anxiety
and depression of HCs were evaluated after they signed the
informed consents, which were assessed by HADS as well. Both
the HADS-anxiety (HADS-A) subscale and theHADS-depression
(HADS-D) subscale consisted of 7 questions that were scored
from 0 to 3 points individually, resulting in 0 to 21 points, and the
evaluation of anxiety and depression severity were based on the
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HADS-A and HADS-D score: 0 to 7, no anxiety/depression; 8 to
10, mild anxiety/depression; 11 to 14, moderate anxiety/
depression; 15 to 21, severe anxiety/depression.[14]
2.4. Follow-up

After the assessment of whether a patient was considered a
candidate for intensive induction chemotherapy, appropriate
regimens (eg, “7+3” regimens) were administered for induction
therapy as AML guidelines recommended. After induction
therapy, treatment response was assessed, and the complete
remission (CR) was defined as follows (all criteria need to be
fulfilled): bone marrow blasts <5%; absence of circulating blasts
and blasts with Auer rods; absence of extramedullary disease;
absolute neutrophil count>1.0�109/L (1000/mL); platelet count
>100�109/L (100,000/mL). In addition, all patients were
consecutively followed up till December 31, 2018, with a median
follow-up duration of 17.0 months, and the event-free survival
(EFS), and also the overall survival (OS) were calculated as
follows: EFS, from the date of entry into the study to the date of
induction treatment failure, relapse from CR, or death; patients
without any of these events were censored on the date that they
were lastly examined; OS, from the date of entry into the study to
the date of death; patients who were alive at the last follow-up
were censored on the date that they were last known to be alive.
2.5. Statistical analysis

All data processing and analysis were performed by the use of
SPSS 21.0 statistical software (IBM, Chicago, IL) and GraphPad
Prism 7.02 software (GraphPad Software Inc., San Diego, CA).
The continuous variable was presented as mean value± standard
deviation (SD), and the categorized variable was displayed as
count (percentage). Comparison for the continuous variable was
determined by the Student t test, and the comparison for the
categorized variable was examined by the chi-square test or
Wilcoxon rank-sum test as appropriate. Kaplan-Meier curves
were plotted to illuminate the EFS and OS profiles, and the log-
rank test was used to analyze the difference of EFS and OS
between groups. A 2-sided P value of less than .05 was applied as
the threshold for significance.
3. Results

3.1. Baseline characteristics

The mean age of AML patients was 48.6±14.1 years, in which
there were 117 (56.2%) males, and also 91 (43.8%) females
(Table 1). The numbers of patients with FAB classification ofM1,
M2, M4, M5, and M6 were 2 (1.0%), 79 (38.0%), 42 (20.2%),
72 (34.6%), and 13 (6.2%), respectively. In addition, there were
18 (8.7%) patients who had monosomal karyotype (MK). Also,
the numbers of patients who had internal tandem duplications in
the FMS-like tyrosine kinase 3 (FLT3-ITD) mutation, isolated
biallelic CCAAT/enhancer-binding protein a (CEBPA) mutation,
and also nucleophosmin (NPM1) mutation were 46 (22.1%), 22
(10.6%), and 81 (38.9%), respectively. The numbers of patients
with risk stratification of better risk, intermediate risk, and poor
risk were 60 (28.8%), 77 (37.0%), and 71 (34.2%), respectively.
And the mean value of WBC level was 20.2±21.5�109/L. The
detailed information of other baseline characteristics in AML
patients was displayed in Table 1.



Figure 1. Anxiety and depression in AML patients and HCs. The HADS-A score
prevalence (E), and depression (F) between AML patients and HCs are shown. Com
Wilcoxon rank-sum test. P value of less than .05 was applied as the threshold fo
Depression Scale—anxiety, HADS-D=Hospital Anxiety and Depression Scale—d

Table 1

Baseline characteristics of AML patients.

Characteristics AML patients (n=208)

Age (y), mean±SD 48.6±14.1
Sex, n (%)
Male 117 (56.2)
Female 91 (43.8)
FAB classification, n (%)

M1 2 (1.0)
M2 79 (38.0)
M4 42 (20.2)
M5 72 (34.6)
M6 13 (6.2)

Cytogenetics, n (%)
NK 108 (51.8)
CK 22 (10.6)
t(8;21) 15 (7.2)
inv(16) or t (16;16) 14 (6.7)
+8 10 (4.8)
�7 or 7q- 7 (3.4)
11q23 6 (2.9)
�5 or 5q- 2 (1.0)
t (9;11) 2 (1.0)
t (9;22) 1 (0.5)
inv (3) or t (3;3) 1 (0.5)

Others (not included in better or poor risk) 20 (9.6)
MK, n (%) 18 (8.7)
FLT3-ITD mutation, n (%) 46 (22.1)
Isolated biallelic CEBPA mutation, n (%) 22 (10.6)
NPM1 mutation, n (%) 81 (38.9)
Risk stratification, n (%)

Better risk 60 (28.8)
Intermediate risk 77 (37.0)
Poor risk 71 (34.2)

WBC (�109/L), mean±SD 20.2±21.5

AML= acute myeloid leukemia, CEBPA=CCAAT/enhancer-binding protein a, CK= complex
karyotype, FAB classification= French-American-British classification systems, FLT3-ITD= internal
tandem duplications in the FMS-like tyrosine kinase 3, MK=monosomal karyotype, NK=normal
karyotype, NPM1=nucleophosmin, SD= standard deviation, WBC = white blood cell.
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3.2. Comparison of anxiety and depression between AML
patients and HCs

The HADS-A score (P< .001) (Fig. 1A), anxiety prevalence
(P< .001) (Fig. 1B), and anxiety severity (P< .001) (Fig. 1C) were
all greatly increased in AML patients than those in HCs. And the
HADS-D score (P< .001) (Fig. 1D), depression prevalence
(P< .001) (Fig. 1E), and also depression severity (P< .001)
(Fig. 1F) were also dramatically elevated in AML patients
compared with HCs. These data indicated that anxiety and
depression were much more prevalent and severe in AML
patients compared with the healthy cohort.

3.3. Correlations of anxiety and depression with clinical
characteristics in AML patients

Anxiety was not correlated with age (P= .635), sex (P= .654),
FAB classification (P= .330), cytogenetics (P= .262), MK (P
= .616), FLT3-ITD mutation (P= .976), isolated biallelic CEBPA
mutation (P= .508), NPM1 mutation (P= .653), risk stratifica-
tion (P= .384), or WBC level (P= .589) in AML patients
(Table 2). In addition, depression was not associated with age
(P= .570), sex (P= .259), FAB classification (P= .398), cytoge-
netics (P= .372), MK (P= .992), FLT3-ITD mutation (P= .949),
isolated biallelic CEBPA mutation (P= .946), NPM1 mutation
(P= .654), risk stratification (P= .682), orWBC level (P= .395) in
AML patients, either.
3.4. Correlations of anxiety and depression with treatment
response

After the induction treatment, the number of patients who
achieved CR was 164 (78.8%) (CR patients); the remaining 44
(21.2%) patients did not achieve CR (non-CR patients) (Fig. 2A).
(A), anxiety prevalence (B), anxiety severity (C), HADS-D score (D), depression
parison between 2 groups was determined by Student t test, chi-square test, or
r significance. AML=acute myeloid leukemia, HADS-A=Hospital Anxiety and
epression, HCs=healthy controls.

http://www.md-journal.com


Table 2

Correlation of anxiety or depression with clinical characteristics in AML patients.

Items
Anxiety

P
Depression

PYes No Yes No

Age, n (%) .635 .570
<50 y 40 (37.4) 67 (62.6) 28 (26.2) 79 (73.8)
≥50 y 41 (40.6) 60 (59.4) 30 (29.7) 71 (70.3)

Sex, n (%) .654 .259
Male 44 (37.6) 73 (62.4) 29 (24.8) 88 (75.2)
Female 37 (40.7) 54 (59.3) 29 (31.9) 62 (68.1)

FAB classification, n (%) .330 .398
M1 0 (0.0) 2 (100.0) 0 (0.0) 2 (100.0)
M2 29 (36.7) 50 (63.3) 20 (25.3) 59 (74.7)
M4 16 (38.1) 26 (61.9) 13 (31.0) 29 (69.0)
M5 30 (41.7) 42 (58.3) 20 (27.8) 52 (72.2)
M6 6 (46.2) 7 (53.8) 5 (38.5) 8 (61.5)

Cytogenetics, n (%) .262 .372
NK 46 (42.6) 62 (57.4) 25 (25.0) 75 (75.0)
Others

∗
35 (35.0) 65 (65.0) 33 (30.6) 75 (69.4)

MK, n (%) .616 .992
No 73 (38.4) 117 (61.6) 53 (27.9) 137 (72.1)
Yes 8 (44.4) 10 (55.6) 5 (27.8) 13 (72.2)

FLT3-ITD mutation, n (%) .976 .949
No 63 (38.9) 99 (61.1) 45 (27.8) 117 (72.2)
Yes 18 (39.1) 28 (60.9) 13 (28.3) 33 (71.7)

Isolated biallelic CEBPA mutation, n (%) .508 .946
No 71 (38.2) 115 (61.8) 52 (28.0) 134 (72.0)
Yes 10 (45.5) 12 (54.5) 6 (27.3) 16 (72.7)

NPM1 mutation, n (%) .653 .654
No 51 (40.2) 76 (59.8) 34 (26.8) 93 (73.2)
Yes 30 (37.0) 51 (63.0) 24 (29.6) 57 (70.4)

Risk stratification, n (%) .384 .682
Better risk 23 (38.3) 37 (61.7) 18 (30.0) 42 (70.0)
Intermediate risk 26 (33.8) 51 (66.2) 17 (22.1) 60 (77.9)
Poor risk 32 (45.1) 39 (54.9) 22 (32.4) 48 (67.6)

WBC, n (%) .589 .395
<10�109/L 27 (36.5) 47 (63.5) 18 (24.3) 56 (75.7)
≥10�109/L 54 (40.3) 80 (59.7) 40 (29.9) 94 (70.1)

Comparison was determined by chi-square test or Wilcoxon rank-sum test.
AML= acute myeloid leukemia, CEBPA=CCAAT/enhancer-binding protein a, CK= complex karyotype, FAB classification= French-American-British classification systems, FLT3-ITD= internal tandem
duplications in the FMS-like tyrosine kinase 3, MK=monosomal karyotype, NK=normal karyotype, NPM1=nucleophosmin, WBC=white blood cell.
∗
Including CK, t (8;21), inv (16) or t (16;16), +8, �7 or 7q-, 11q23, �5 or 5q-, t (9;11), t (9;22), inv (3), or t (3;3), and those not included in better or poor risk.
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Also, the induction death rate was 7.7%. Moreover, the anxiety
rate (P= .178) (Fig. 2B) and depression rate (P= .512) (Fig. 2C)
were of no difference between CR patients and non-CR patients,
though they presented with a tread to be decreased in CR patients
than non-CR patients.
Figure 2. Correlations of anxiety and depression with treatment response. The p
patients and non-CR patients (B), and depression rate between CR patients and n
by chi-square test. P value of less than .05 was applied as the threshold for sign
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3.5. Correlations of anxiety and depression with survival
profiles
In terms of survival profiles, the EFSwas less prolonged in anxiety
patients compared with nonanxiety patients (P= .013) (Fig. 3A),
whereas the EFS seemed to be worse in depression patients
ercentage of CR patients and non-CR patients (A), anxiety rate between CR
on-CR patients (C) are shown. Comparison between 2 groups was determined
ificance. CR=complete remission.



Figure 3. Correlations of anxiety and depression with EFS. The EFS between anxiety patients and nonanxiety patients (A), and between depression and
nondepression patients (B) are shown. Kaplan-Meier curves were plotted to illuminate the EFS, and the log-rank test was used to analyze the difference of EFS
between groups. P value of less than .05 was applied as the threshold for significance. EFS=event-free survival.
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compared with nondepression patients, but showed no statistical
significance (P= .052) (Fig. 3B). In addition, the median EFS in
anxiety patients and nonanxiety patients were 13.0 (7.9–18.1)
months and 18.0 (15.6–24.4) months, and the median EFS in
depression patients and nondepression patients were 14 (6.0–
22.0) months and 16.0 (11.6–20.4) months, respectively. As for
OS, it was worse in anxiety patients compared with nonanxiety
patients (P= .015) (Fig. 4A) and was shorter in depression
patients compared with nondepression patients as well (P= .007)
(Fig. 4B). Apart from this, the median OS in anxiety patients and
nonanxiety patients were 24.0 (17.4–30.5) months and 34.0
(29.0–39.0) months, and the median OS in depression patients
and nondepression patients were 23 (16.8–29.2) months and
33.0 (28.4–37.6) months, respectively. These results indicated
that anxiety and depression were associated with worse survival
profiles in AML patients.

4. Discussion

The importance of anxiety and depression have been increasingly
implicated in leukemia patients, which not only drives increasing
attention to the mental health need but also leads to a paradigm
Figure 4. Correlations of anxiety and depression with OS. The OS between
nondepression patients (B) are shown. Kaplan-Meier curves were plotted to illum
between groups. P value of less than .05 was applied as the threshold for signifi
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shift in the management of leukemia.[6,7,15] However, correla-
tions of anxiety and depression with clinical characteristics and
survival profiles in AML patients have rarely been studied. In this
study, we investigated the prevalence and severity of anxiety and
depression in AML patients, and the correlations of anxiety, and
also depression with clinical characteristics and survival profiles
in AML patients, which elucidated that: anxiety and depression
were much more prevalent and severe in AML patients compared
with HCs; anxiety and depression predicted worse EFS andOS in
AML patients.
Living with AML makes the patients have to face multiple

serious symptoms, adverse events caused by treatment, a poor
survival estimation, and heavy medically financial burden,
resulting in substantial emotional stress, such as anxiety,
depression, fear, and hopelessness.[16] However, the investigation
of psychiatric status in AML patients is very insufficient. A recent
longitudinal study reports that the rate of depression and anxiety
symptoms in older AML patients receiving intensive chemo-
therapy and nonintensive chemotherapy is 33.3% and 30.0%,
respectively.[7] A cross-sectional study evaluating the quality of
life in AML patients reports that 2 out of 18 patients have anxiety
assessed by HAD-A, and 1 out of 18 patients have depression
anxiety patients and nonanxiety patients (A), and between depression and
inate the OS, and the log-rank test was used to analyze the difference of OS
cance. OS=overall survival.

http://www.md-journal.com
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assessed by HAD-D.[17] Another prospective cohort study reveals
that the depression prevalence in older adult AML patients
receiving induction chemotherapy is 38.9%, and the other
psychosocial and physical damages, and also their prevalence in
elderly AML patients are cognitive impairment (31.5%), distress
(53.7%), impairment in activities of daily living (48.2%),
impairment in physical performance (53.7%), and comorbidity
(46.3%).[18] These prior studies all indicate that the prevalence of
anxiety and depression in AML patients are numerically high;
however, these studies present several concerns: most of the
studies are conducted in the elderly AML patients; lack of control
group/cohort; included samples are relatively small. Thus, to
address these issues, we conducted this current study which
enrolled large-sample-size adult AML patients and healthy
volunteers as controls. We discovered that anxiety and depres-
sion were much more frequent and severe in AML patients
compared withHCs, whichmight result from the distress in AML
patients that was caused by the following reasons: the burden of
the disease itself, such as the AML symptoms including fatigue,
weakness, shortness of breath, and insufficient physical function,
etc[16]; and other burdens that was caused by AML, such as the
fear of death, financial cost, family burden, and so on.
The most common types of mood disorders include anxiety

and depression; these mood disorders are reported to play a role
in clinical outcome prediction in patients with cancers;
nevertheless, quite few studies have been conducted to assess
the prognostic value of anxiety and depression in patients with
AML.[19–21] A previous prospective study reveals that the elderly
AML patient who is complicated with depressive symptoms
exhibits increased reduction in Short Physical Performance
Battery score from follow-up to baseline compared with those
who were not complicated with depressive symptoms.[22]

Moreover, a cohort study elucidates that symptoms of anxiety
and depression are correlated with damaged general life
satisfaction in AML survivors postallogeneic stem cell transplan-
tation.[23] Moreover, a study aiming at evaluating the prognostic
role of geriatric assessment in elderly AML patients shows that
patients with impaired cognitive function and physical function
have worse OS, and after adjustment of age, sex, Eastern
Cooperative Oncology Group score, cytogenetic risk group,
myelodysplastic syndrome, and hemoglobin; these 2 factors are
still associated with unfavorable OS.[24] These previous studies
are similar but distinctive compared with our study: the patient
cohorts are different, these previous studies are conducted in the
elderly AML patients or AML patients post-transplant, whereas
our study was conducted in adult de novo AML patients; none of
those studies have explicitly evaluated the prognostic value of
anxiety and depression in AML patients, they mostly focus on
physical function, cognitive function, or anxiety/depressive
symptoms; they also mainly focus on investigating the predictive
factors for quality of life but not clinical outcomes; the number of
the included patients is relatively small. In our study, we
investigated the prognostic value of anxiety and depression for
predicting survival profiles in adult de novo AML patients with
large samples, and found that patients with anxiety had worse
EFS compared with patients without anxiety, and patients with
depression displayed worse EFS, and also OS compared with
patients without depression, which might indicate that anxiety
and depression may have the potentiality to predict survival in
AML patients after treatment. Concerning the possible reasons
for these results, there might include the following aspects:
anxiety and depression might directly harm the survival of
6

patients by influencing the treatment efficacy, medication
compliance, and disease-related stress[11,25]; anxiety and depres-
sion may also indirectly lead to worse survival profiles of patients
through their interaction of worse clinical properties and
symptoms.
Here were several limitations in this study: first, our study was

conducted in a single center, which might lead to selection bias;
second, anxiety and depression were assessed only by HADS in
our study, which might need to be validated by other anxiety and
depression related scales as well; third, the follow-up duration
was relatively short in our study, and thus, the results needed to
be validated in long-duration study in the future; fourth, only de
novo AML patients were included in our study, thus prevalence
and prognostic value of anxiety and depression in refractory/
relapsed AML patients needed to be further explored.
5. Conclusions

In conclusion, anxiety and depression are much more frequent
and severe in AML patients compared with HCs, and both of
them predict unfavorable survival profiles in AML patients.
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