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A B S T R A C T

Introduction: Common side effects after stem cell transplantation (SCT), such as anorexia,

nausea, and vomiting, can disrupt the quality of life of patients. Therefore, this study aimed

to determine the effect of self-care education with smart phone applications on the sever-

ity of nausea and vomiting after SCT in leukemia patients.

Materials and methods: In this clinical trial study, using the blocked randomization method

104 leukemia patients undergoing SCT were assigned to two groups, intervention and con-

trol. The patients of the Control Group received routine care, and the Intervention Group

received self-care education with a smart mobile phone application, in addition to routine

care. Two weeks, one month, and three months after the start of the intervention, the

severity of nausea and vomiting was evaluated using the visual analog scale (VAS) and the

Khavar Oncology scale, both of which were completed by both Control and Intervention

Groups. Data were analyzed using chi-square, Fisher's exact, Mann-Whitney, and Friedman

tests using the Statistical Package for Social Sciences version 25 software.

Results: The severity of nausea and vomiting in leukemia patients undergoing SCT was sig-

nificantly different in the two groups at all three timepoints (two weeks, one month, and

three months) after transplantation (p-value = 0.000).

Conclusion: The severity of nausea and vomiting after SCT in leukemia patients was

improved by self-care education with a smart phone application. Therefore, this method is

recommended to reduce the severity of nausea and vomiting in leukemia patients who

undergo transplantation.

� 2024 Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de Hematolo-

gia, Hemoterapia e Terapia Celular. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1 Introduction

2 Acute leukemia is a progressive malignant neoplasm of

3 hematopoietic stem cells with acute onset, severe symp-

4 toms, poor survival rate, and frequent relapse.1,2 According

5 to global statistics, 437,033 new cases of leukemia are esti-

6 mated every year with 309,006 deaths in 185 countries, giv-

7 ing a mortality rate of 3.2 %. Patients with acute leukemia

8 experience symptoms, such as fatigue or lack of energy,

9 pain, loss of appetite, and insomnia in about 24−83 % of

10 cases.4 Common treatments for acute leukemia include

11 chemotherapy and stem cell transplantation (SCT). Chemo-

12 therapy leads to the occurrence of several side effects.

13 Among the most severe, nausea and vomiting, with inci-

14 dences between 54 % and 96 %, respectively, can lead to

15 physiological disorders, electrolyte imbalance, an altered

16 immune system, nutritional disorders, and even esoph-

17 ageal rupture.5,6

18 Another treatment for acute leukemia is SCT with a sur-

19 vival rate of more than 80% worldwide7; this is considered an

20 effective treatment to prevent relapse in patients with lym-

21 phoblastic leukemia.8 However, post-transplantation side

22 effects are still common despite the many advances in SCT

23 techniques. As with other treatment methods, transplanta-

24 tion affects different organs of the body and causes side

25 effects which include nausea, vomiting, anorexia, alopecia,

26 and myelosuppression, which may further disturb quality of

27 life.9,10 In this regard, Escobar et al. found that acute nausea

28 and vomiting occurred in 35% and about 13% of patients,

29 respectively, even after receiving prophylactic anti-vomiting

30 drugs, hence it is important for this reason.11

31 A very noteworthy point is that patients are discharged

32 from hospitals after the SCT procedure and a one-month hos-

33 pitalization process. After discharge, patients need to be iso-

34 lated at home for up to three months, during which time the

35 patients and their caregivers are responsible for monitoring

36 and managing side effects of their treatment12. These

37 patients are provided with education before the start of the

38 transplant process however, they do not receive proper edu-

39 cation at discharge. The instructions provided seem to be

40 ineffective; patients necessitate education for at least three

41 months during the isolation period.13,14

42 On the other hand, the increasing progress of science and

43 technology and the movement toward electronization, fur-

44 ther postulate a tendency and need of human societies to

45 have modern and novel educational methods.15 A modern

46 educational tool is mobile phone technology, which has mod-

47 ified traditional in-service education and provided a new defi-

48 nition of education. It supplies knowledge for learners at

49 home, in the workplace, and when travelling eliminating

50 many limitations and inefficiencies.16 The effects of mobile

51 applications on the improvement and reduction of cancer-

52 related side effects compared to traditional educational

53 methods, such as group education, have been delineated in

54 various studies.6,17,18 Nurses can play an essential role in self-

55 care education to patients, as they are actively present at all

56 stages of SCT and patient care.19 Mobile phone applications

57 are widely used to improve and reduce cancer-related side

58 effects and the long post-transplantation isolation time of

59patients in hospitals and at home. Therefore, this study was

60designed to determine the effects of self-care education with

61smart phone applications on the post-transplantation sever-

62ity of nausea and vomiting in leukemia patients.

63Materials andmethods

64Setting

65This randomized clinical trial was conducted with a popula-

66tion of leukemia patients undergoing SCT admitted to the

67transplant wards of Shariati Hospital (affiliated to Tehran

68University of Medical Sciences) in Tehran during 2019−2020.

69The research sample was a group of patients admitted to the

70bone marrow transplant ward who met the inclusion criteria

71for the study. The inclusion criteria were minimum literacy,

72age between 15 and 60 years, possession of an Android mobile

73phone of their own or their caregivers (family), lack of diag-

74nosed psychological disorders, and no simultaneous partici-

75pation as a subject in another research. Exclusion criteria

76included the patient's transfer to other treatment centers dur-

77ing the study, the patient's family withdrawal of participa-

78tion, the patient's evolution to a severe disease stage or death

79during the study, and the patient's reluctance to use smart

80phone applications.

81The sample size was calculated based on a significance

82level of 0.05, a test power of 80%, and assuming at least a 25%

83statistically significant reduction for each of the qualitative

84variables related to the effect of self-care education with

85smart phone applications on post-SCT side effects. A sample

86size of 104 subjects in two groups, i.e. 52 individuals per

87group, was estimated using the following formula. It is note-

88worthy that an incidence rate of 0.5 was assumed for each

89qualitative variable.

n ¼
z1�a=2

ffiffiffiffiffiffi

2p
p

qþ z1�b

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

p1q1 þ p2q2
p� �2

p1 � p2ð Þ2
90

p ¼ p1 þ p2

2
91

92

93Sampling

94Eligible patients were included in the study based on a list

95of names on the ward and were randomly allocated to the

96Intervention and Control Groups. Sampling was carried out

97in two steps due to the need for long-term hospitalization

98of patients to complete the treatment process and the inac-

99cessibility of a large sample size for one-step sampling. To

100this aim, half of the Intervention Group and half of the Con-

101trol Group from the other Shariati Hospital transplant ward

102were studied at the same time. The test and control group

103wards were selected by a draw without any connection

104between the two wards. Other required subjects were

105sampled one week after the end of the study time of these

106two groups, which lasted from October 23, 2019 to October

10723, 2020.
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108 Intervention

109 The permission and a clinical trial code were obtained from

110 the ethics committee. A letter of introduction was then pre-

111 sented to the management of Dr. Shariati Hospital in Tehran

112 and the head of the transplant ward. Thereafter, demographic

113 and disease data was collected from patients and their medi-

114 cal records during visits to the transplant clinic to prepare for

115 hospitalization for chemotherapy before transplantation.

116 After the hospitalization of patients and the start of sampling,

117 routine care and education, including a group education ses-

118 sion with a lecture before transplantation, were carried out

119 for Control Group patients in the transplant center. In addi-

120 tion to routine education and care, smart phone applications

121 (developed by the research team) were installed on themobile

122 phones of patients in the Intervention Group or of their care-

123 givers (for those who needed a caregiver). Patients or their

124 caregivers were trained about the use and working of the

125 application and their questions were answered by the

126 researcher. This smart phone application includes an intro-

127 duction to the various leukemia types, treatment methods,

128 familiarization with bone marrow transplantation and its

129 procedures, possible side effects and self-care methods for

130 patients, necessary education for proper post-transplantation

131 nutrition, how to control infections, bathing, hand washing,

132 and oral and dental hygiene. Additionally, it advises about

133 the procedure and the extent of visiting and communicating

134 with companions, observing the related principles, preven-

135 tion measures and early detection of side effects, and relief of

136 symptoms, mouth ulcers, and mucositis. The educational

137 content was approved by four faculty members of the trans-

138 plant ward. It should be noted that all patients initially

139 received a pre-transplantation dose of chemotherapy as a

140 transplant preparation regimen. Stem cell infusions and bone

141 marrow transplantation were performed a few days after che-

142 motherapy with the whole process lasting about one month.

143 After this period, the patient was discharged from the ward

144 and isolated at home for at least three months. According to

145 the patient's treatment process, the severity of nausea and

146 vomiting was evaluated using the visual analog scale (VAS)

147 and the Khavar oncology scale (KOS), both of which were

148 completed by both Control and Intervention Groups two

149 weeks, one month, and three months after the start of the

150 intervention. The mobile phone number of the researcher

151 was provided for the Intervention Group to make contact in

152 the case of any possible problem or question concerning the

153 working of the smart application. The patients' phone num-

154 bers were also kept by the researcher. To ensure that the

155 Intervention Group used the smart application, the

156 researcher visited the patients and answered their possible

157 questions once a week in the morning or evening for at least

158 10min depending on each patient.

159 Data collection tools

160 The data collection tools in this research included question-

161 naires on demographic and disease characteristics, and the

162 VAS and KOS to assess the severity of nausea and vomiting,

163 respectively. The questionnaire on demographic and disease

164 characteristics collected information about age, gender,

165marital status, education level, employment status, the place

166of residence, type of health insurance, and disease informa-

167tion including the type of leukemia, date, and type of trans-

168plant. This form was completed through interviews with

169patients and their families. The questionnaires on demo-

170graphic and disease characteristics were authenticated using

171the face and content validity method; the tools were prepared

172and provided to ten faculty members as experts in this field at

173the School of Nursing and Midwifery in Tehran. Their

174reviewed and modified tools were used with the final

175approval of the supervisor and advisor.

176To evaluate the severity of nausea based on the VAS, the

177patients were asked to indicate the degree of their nausea

178based on a 10 cm ruler. Based on the scale of this ruler,

179degrees of <3.5, from 3.5 to 7 and >7 were considered mild,

180moderate, and severe, respectively. This scale, a standard tool

181with a Cronbach's alpha of 0.948, was also used in a study by

182Asadizaker et al.6 To evaluate the severity of vomiting based

183on the KOS, the number of vomits was used: 1−2 times, 3

184−5 times, and >5 times per day were considered mild, moder-

185ate, and severe, respectively. This scale is also a standard tool

186that was used by Asadizaker et al.6

187Data analysis

188Data were analyzed descriptively with frequencies, percen-

189tages, means, standard deviation, and minimum and maxi-

190mum range. Inferential analysis of data was achieved using

191the chi-square, Fisher's exact, Mann-Whitney, and Friedman

192tests with Statistical Package for Social Sciences (SPSS) ver-

193sion 25 software.

194Ethical considerations

195This study followed the publication rules contained in the

196Declaration of Helsinki, and all ethical standards required for

197publication were taken into consideration in the preparation

198of this article.

199Results

200In both groups, the age of the participants averaged <30 years,

201most patients were employed, and acute myeloid leukemia

202was the most common type of cancer. Fisher's exact test

203revealed that the two groups were not statistically different in

204terms of the frequency of the donor/transplant ratio (p-

205value = 0.05). Moreover, according to the chi-square test, there

206was no significant difference in employment percentages

207between the two groups (p-value = 0.912).

208The Mann-Whitney test (Table 1) identified significant dif-

209ferences between the two groups in respect to the frequency

210of vomiting two weeks and one month after transplantation

211(p-value <0.05), but this difference was not significant three

212months after transplantation (p-value = 1.000).

213The Friedman test (Table 2) identified a statistically signifi-

214cant difference in the severity of vomiting between the Con-

215trol and Intervention Groups of leukemia patients undergoing

216SCT at all three timepoints, namely two weeks, one month,

217and three months after transplantation (p-value = 0.000).
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218 The results of the Mann−Whitney test (Table 3) indicated

219 that the frequency of nausea was significantly different

220 between the two groups at two weeks, one month, and three

221 months after transplantation (p-value <0.05).

222 According to the Friedman test (Table 4), the severity of

223 nausea in leukemia patients undergoing SCT was statistically

224 different between the two groups at all three timepoints,

225 namely 2 weeks, 1 month, and 3 months after transplantation

226 (p-value = 0.000).

227 Discussion

228 This study was designed to determine the effect of self-care

229 education with smart phone applications on the post-SCT

230severity of nausea and vomiting in leukemia patients. The

231Friedman test results demonstrated a significant difference in

232the severity of nausea and vomiting between the two groups

233of leukemia patients who underwent SCT at all three time-

234points, namely two weeks, one month, and three months

235after transplantation. This finding corresponds to a previous

236study by AsadiZaker et al. in which the post-intervention

237severity and frequency of vomiting decreased significantly in

238the Intervention Group, indicating that education using

239mobile phone software can positively reduce the side effects

240of chemotherapy such as nausea and vomiting. In line with

241this finding, Ince et al. found that the severity of nausea was

242positively influenced by structured education provided by

243nurses. Therefore, nurses may improve the management of

244nausea in cancer patients to a better level through educa-

245tional interventions.21

246Similarly, Dinari et al. believe that a mobile-based self-care

247program and its capabilities can help patients with gastroin-

248testinal cancer undergoing chemotherapy to better perform

Table 2 – Mean number of vomiting episodes of stem cell
transplantation patients in Control and Intervention
Groups.

Daily vomiting
episodes

Friedman test

Mean rank

Intervention
group

Control group

Two weeks after

transplantation

2.50 2.88

One month after

transplantation

1.75 1.76

Three months after

transplantation

1.75 1.36

p-value* 0.000

* Friedman test.

Table 1 – Comparison of vomiting of stem cell transplantation patients in the control and intervention groups.

Severity of vomiting Two weeks after transplantation One month after transplantation Three months after transplantation

Intervention Control Intervention Control Intervention Control

n % n % n % n % n % n %

Mild 26 50 0 0 52 100 37 71.2 52 100 52 100

Moderate 21 40.4 49 94.2 0 0 15 28.8 0 0 0 0

Severe 5 9.6 3 5.8 0 0 0 0 0 0 0 0

p-value* 0.000 0.000 1.000

* Mann−Whitney test.

Table 3 – Severity of nausea of stem cell transplantation patients in Control and Intervention Groups.

Severity of nausea Two weeks after transplantation One month after transplantation Three months after transplantation

Intervention Control Intervention Control Intervention Control

N % n % n % n % n % n %

No nausea 0 0 0 0 39 75 0 0 47 90.4 34 65.4

Mild 18 34.6 4 7.7 9 17.3 27 51.9 5 9.6 18 34.6

Moderate 25 48.1 39 75 4 7.7 25 48.1 0 0 0 0

Severe 9 17.3 9 17.3 0 0 0 0 0 0 0 0

p-value* 0.024 0.000 0.002

* Mann-Whitney test.

Table 4 – Severity of nausea of stem cell transplantation
patients in Control and Intervention Groups.

Nausea Friedman test

Mean rank

Intervention Control

Two weeks after transplantation 3.00 2.81

One month after transplantation 1.58 2.19

Three months after transplantation 1.42 1.00

p-value* 0.000

* Friedman test.

ARTICLE IN PRESS

Please cite this article as: R. Jalal et al., The effect of self-care education with smart phone applications on the severity of nausea and vomiting
after stem cell transplantation in leukemia patients, Hematology, Transfusion and Cell Therapy (2024), https://doi.org/10.1016/j.htct.2024.02.029

4 hematol transfus cell ther. 2024;xxx(xx):xxx−xxx

https://doi.org/10.1016/j.htct.2024.02.029


249 self-care processes, improve their health status, and reduce

250 the side effects of chemotherapy.13 Musa et al. also reported

251 that mobile-based patient support software could resolve the

252 problems of nausea and vomiting in patients, which would

253 lead to a better quality of life for patients and a reduction in

254 healthcare costs, in line with the findings of the current

255 study.22 Likewise, Rico et al. presented evidence that inter-

256 vention based on text messages had the potential of

257managing the side effects of chemotherapy, including nausea

258and vomiting.14 In line with these findings, a systematic

259review of available evidence by Apo et al. confirms that the

260use of mobile-based technology has beneficial effects on the

261quality of life by minimizing chemotherapy-related side

262effects of cancer patients.23

263The findings of this study indicate that the severity and

264frequency of vomiting episodes were far less in the

Figure 1 –The research implementation diagram.
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265 Intervention Group than in the Control Group. Therefore, it

266 can be concluded that self-care education with smart phone

267 applications reduces the severity and frequency of vomiting

268 episodes in leukemia patients undergoing SCT. Since vomit-

269 ing is a common post-transplantation problem that makes

270 eating and drinking difficult for patients, this type of self-care

271 education is recommended to reduce post-transplantation

272 complications and problems for these patients.

273 Conclusion

274 The results of the present study show that the severity of

275 post-SCT nausea and vomiting in leukemia patients is signifi-

276 cantly improved by self-care education with a smart phone

277 application up to three months after transplantation. There-

278 fore, it is recommended to use this application to reduce the

279 severity of nausea and vomiting of leukemia patients during

280 the SCT processQ2 X X.

281 Figure 1
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