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Purpose: To investigate the effect of iron-erythrocyte metabolism-related indexes on posttraumatic growth in MHD patients and their
caregivers.

Patients and Methods: A total of 170 pairs of MHD patients and their caregivers in Shanghai Changhai Hospital were enrolled in this
research, which used sociodemographic characteristics, the Posttraumatic Growth Inventory (PTGI), the Perceived Social Support Scale
(PSSS), and the Medical Coping Modes Questionnaire (MCMQ). The test data of 141 patients were retrieved from the hospital database.
Results: Single-factor analysis showed that the PTGI score of patients with a mean corpuscular erythrocyte volume > 100 fL was 85.4
+ 19.8 and those with a mean corpuscular erythrocyte volume lower than 100 fL. were 70.6 + 24.7; the PTGI scores of patients with
reticulocytes >1.5% were 68.8 £ 25.8, and those with reticulocytes <1.5% were 78.4 = 21.1; the PTGI scores of the caregivers whose
serum iron was >10.6 umol /L were 78.2 £ 21.6, and those with serum iron <10.6 umol /L were 67.9 £ 22.8. The difference in MCMQ
scores between the caregivers with transferrin saturation>50% and with transferrin saturation<20% was 18.9 + 8.4. For the correlation
test of serum iron, reticulocyte and PTGI scores for patients, the Pearson correlation coefficients were 0.239 and —0.193, respectively,
and the correlation test between erythrocyte distribution width SD and the score of caregivers MCMQ scale, the Pearson correlation
coefficient was 0.225; p for all was< 0.05, with significant differences. There was no significant difference in the scores of different
scales for total iron binding capacity (TIBC) at different levels.

Conclusion: The indexes related to iron erythrocyte metabolism in MHD patients are correlated with ruminant meditation of patients
and their caregivers and promotion of posttraumatic growth. Good nutritional status, adequate hematopoietic material, and normal
erythrocyte count and function are also important for them.
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Introduction

People will form negative psychological states after experiencing major traumatic events, such as diseases, wars, and natural
disasters. The person who experienced it will think about and review the events in his later life, and with the help of other
people in society, he will experience spiritual and psychological growth, enabling him to better adapt to his situation.' This
positive psychological change is called posttraumatic growth.> Maintenance hemodialysis is a traumatic event for patients.’
Anxiety about life and health, consideration of social disconnection and economic pressure will cause psychological stress,
but MHD patients will also experience the process of reflection and adaptation, gradually evolving to a state of posttraumatic
growth, which is of positive significance for MHD patients’ future treatment and quality of life. Family members who care
for hemodialysis patients experience increasing responsibility and stress, but can also experience varying degrees of
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posttraumatic growth.* At present, the PTGI scale is commonly used in China to evaluate the level of posttraumatic growth;’
when evaluating the feelings and degrees of social support for MHD patients, the PSSS scale is commonly used.® For MHD
patients with posttraumatic rumination, the modified MCMAQ scale can be used to assess their attitude and coping style.” The
PTGI, PSSS, and MCMQ scales are widely used in the posttraumatic growth assessment of MHD patients with various
tumors, major chronic diseases and accidental injuries, with good reliability and validity.*® There have been many studies
conducted on posttraumatic growth in patients with tumors such as breast cancer,'® and the data are relatively sufficient. The
influencing factors of posttraumatic growth for patients on maintenance hemodialysis deserve further research. Previous
studies have explored the status and influencing factors of post-traumatic growth, mainly focusing on personality traits,
ruminant meditation and social support.''™'* Posttraumatic growth is predicated on the thinking of the person experiencing it
and on changes in cognition; thus, it is possible to explore the relationship between certain objective test data and the
patient’s posttraumatic growth and further explore the actual impact on the patient of metabolic and other issues reflected in
this indicator. Patients with chronic renal insufficiency often also experience anemia symptoms. The impact of anemia on
quality of life of the MHD patients is obvious. The direct manifestation of anemia is hypoxia. Long-term chronic hypoxia
also increases the cardiac load, and affects calcium and phosphorus metabolism to varying degrees.'® It affects the MHD
patient’s ability to perform activities of daily life living (ADL), resulting in a significant decrease in the patient’s quality of
life, which in turn has an impact on the patient’s psychological well-being.'>'® Previous studies have explored the relation-
ship between quality of life and psychological changes in patients with chronic diseases, as well as the relationship between
this impact and further treatment. For people with chronic physical health problems, it is necessary to determine their quality
of life during their illness, and evaluate their self-care ability and positive mental health (PMH). Both constructs influence
their well-being and the way in which they cope with their illness.'” Low quality of life scores and depression are associated
with higher comorbidity, poorer nutritional status, anemia, lower residual renal function, and higher hospitalization rates.'®
Psychological factors may lead to excessive activation of the sympathetic nervous system and the hypothalamic-pituitary-
adrenal axis. These chronic stimuli from the center can induce various pathophysiological reactions, including increased
inflammation and hypertension, autonomic nervous system dysfunction, platelet dysfunction, endothelial dysfunction,
visceral fat increase and insulin resistance. Therefore, psychological adjustment to chronic dialysis may also be associated
with good clinical outcomes."® Therefore, for patients with chronic underlying diseases, correction of anemia is beneficial to
improve their quality of life and further treatment.'” This research focuses on the relationship between the indexes related to
iron-erythrocyte metabolism in maintenance hemodialysis patients and their caregivers’ posttraumatic growth and analyzes
the objective significance of test items in relation to this alteration. This research provides new perspectives and ideas for
clinical medical staff to improve the posttraumatic growth of these MHD patients and their caregivers.

Objectives and Methods

Research Objects

A cross-sectional study design was adopted for this research. A total of 170 patients on maintenance hemodialysis at
Changhai Hospital were continuously selected, and 340 questionnaires were distributed. Inclusion criteria for patients
were as follows: (1) undergoing maintenance hemodialysis with chronic renal failure; (2) providing signed informed
consent; and (3) having no serious mental illness or communication disorder. Finally, 330 valid questionnaires were
collected for an effective rate of 97%. The test data of the MHD patients and caregivers were retrieved from the hospital
database, and a total of 141 pairs of valid data points were obtained. (Figure 1)

Research Tools
The questionnaire was composed of four parts: sociodemographic characteristics, PTGI, PSSS and MCMQ.

Social Demographic Characteristics Table

Demographics included MHD patient age, sex, religion, education, work and other personal information; dialysis start
time, dialysis duration, self-care ability and other related information; economic information such as the relationship
between caregivers and themselves, family income, medical insurance, and economic pressures.
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Figure | Process of sample selection.

PTGI

The PTGI quantitatively assesses the posttraumatic growth level of the experience;?’ the higher the score is, the higher
the level of posttraumatic growth and the stronger the adaptability of patients to traumatic events, which is conducive to
their subsequent treatment and quality of life.

PSSS

The PSSS quantitatively assesses the perception level of the patient about the help received from other members of
society, including the care and support of relatives, friends, and colleagues; the patient’s emotional state; his or her
psychological adjustment and ability to regain confidence.?' The higher the score is, the higher the level of perceived
social support, which facilitates the psychological construction and post-traumatic growth of patients.??

MCMQ

The MCMQ evaluates ruminant meditation levels.”® Ruminative meditation includes intrusive and active parts. The
former is actually a negative factor for the patient in the short term and is positively correlated with stress symptoms. The
latter is positively correlated with PTG, which is conducive to its subsequent treatment and quality of life. However, the
overall quantitative score can evaluate the degree of reflection on traumatic events. The higher the score is, the higher the

degree of reflection on traumatic events.

Data Collection
The data for this research consisted of two parts: the data from the questionnaire and the results of all tests performed at

our hospital within two years before the MHD patients completed the questionnaires.

Ethical Review

First, written approval was received from the Ethics Committee of Shanghai Changhai Hospital. Before data collection,
information about the purpose of the research was provided to the participants and the confidentiality of the individuals’
identity and voluntary participation was guaranteed. After giving the required explanations, questionnaires were sent to the
participants and completed. (Ethics Number B2020-020) This research is in compliance with the Declaration of Helsinki.
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Data Processing

The data were analyzed with SPSS 23.0. The statistical methods included descriptive statistics, independent samples
t-test, single factor analysis of variance and Pearson correlation analysis. The data are expressed as the mean + standard
deviation (X £ SD), and P < 0.05 indicated that the difference was statistically significant.

Results

Describe and Analyze the General Conditions of MHD Patients and Their Caregivers
The questionnaires administered to the 141 MHD patients and their caregivers were collected and included in the final
analysis. The majority of MHD patients were male (57.4%), while caregivers were female (57.4%); were 50 years or
older (>80%), had no religious affiliation, were married, had a junior high school to junior college education, and were
retired. The proportion of MHD patients who were employed was noticeably lower than that of caregivers; among the
caregivers, the spouse, parents and children accounted for 92.9% of the immediate family members, while nonimmediate
family members and others accounted for less than 3%; approximately half (46.8%) of the patients with immediate
hemodialysis at the time of discovery had a more rapid progression of renal function deterioration; most MHD patients
had been on dialysis for more than six months (90.1%); had medical insurance (87.2% had serious illness medical
insurance, 5% general medical insurance, and 7.8% had other medical insurance or paid out of pocket. MHD patients had
a monthly household income of less than 2000 yuan (7%), 27% had 2000—5000 yuan, 46.1% had 5000—10,000 yuan, and
19.9% had more than 10,000 yuan. Most MHD patients reported no pressure as a result of medical costs (11.3%) or less
pressure (48.9%), but a significant proportion (36.2%) also felt more pressure, and only 3.6% of MHD patients found
cost pressure unacceptable Details are shown in Tables 1 and 2.

Table | General Conditions of MHD Patients and Caregivers (Sex, Age, Religious Belief, Marital Status,
Diploma, and Working Status)

Patients Family Members (Caregivers)
Number n | Percentage % Number n Percentage %

Sex Male 8l 57.4 60 42.6
Female 60 42.6 8l 574

Age 18-29 years old 3 2.1 3 2.1
30-39 years old 9 6.4 21 14.9

40—49 years old 14 9.9 17 12.1

50-59 years old 30 21.3 24 17.0

Over 60 years old 85 60.3 76 539

Religious belief None 120 85.1 118 83.7
Buddhism 14 9.9 13 9.2

Christianity 4 2.8 4 28

Other 3 2.1 5 35

Marital status Married 114 80.9 127 90.1
Dissociation 3 2.1 3 2.1

Unmarried 15 10.6 6 43

Widowed 9 6.4 5 35

Diploma Below junior high school 15 10.6 9 6.4
Junior high school 37 26.2 33 234

Senior high school 50 355 46 326

Junior college 26 18.4 36 25.5

Undergraduate 12 85 12 8.5

Bachelor’s degree or more | 0.7 5 35

Working status Employed 12 85 41 29.1
Retired 106 752 84 59.6

Unemployment I 7.8 4 28

Other 12 8.5 12 8.5
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Table 2 General Conditions of MHD Patients and Caregivers (Relationship Between Caregivers and MHD Patients, the Starting Time
of Hemodialysis, Time in Dialysis, Medical Insurance, Family Monthly Income, and Economic Pressure)

Patients Family Members
(Caregivers)
Number n | Percentage % | Number n | Percentage %

Relationship between caregivers and Matrimonial 93 66.0
patients Children 26 18.4
Parents 12 85

Siblings 6 43

Nonimmediate family | 0.7

Other 3 2.1

Starting time of hemodialysis Immediately 66 46.8
Within 3 months after diagnosis 21 14.9

Within 6 months after diagnosis 12 85

Within | year after diagnosis 25 17.7

Other 17 12.1

Time in dialysis Less than | month 3 2.1
1-3 months 3 2.1

3—6 months 8 5.7

6 months-| year 35 248

|1-3 years 29 20.6

More than 3 years 63 44.7

Medical insurance Serious illness medical 123 87.2

insurance

General medical insurance 7 5.0

Self-pay 6 43

Other 5 35

Family monthly income Less than 2000 yuan 10 7.0
2000-5000 yuan 38 27.0

5000-10,000 yuan 65 46.1

More than 10,000 yuan 28 19.9

Economic pressure No pressure 16 1.3
Less pressure 69 48.9

Greater pressure 51 36.2

Unable to withstand 5 3.6

Analysis of the PTGI, PSSS and MCMQ Scores
The PTGI score of caregivers (76.1+24.3) was higher than that of MHD patients (72.3+24.4), while the PSSS score
profile was higher for MHD patients (57.5+15.4) than for caregivers (55.1+15.5), and the differences were statistically
significant (p<0.05). The difference between MCQC scale scores for MHD patients (25.9+15.7) and caregivers (25.7
+14.8) was not statistically significant. The results are shown in Table 3.
By analyzing the difference in the scale scores of different levels of TIBC, it is concluded that there is no statistical
significance in the difference in the scale scores of different levels of TIBC. The results are shown in Table 4.
Single-factor ANOVA was used to test the difference in scores on the scale of transferrin saturation at different levels,
based on the normal upper and lower limits of the test indexes. The results showed that the difference in scores on the
MCMQ scale between the caregivers of the group with transferrin saturation>50% and the patient with transferrin
saturation<20% was 18.9 + 8.4, p<0.05. The results are shown in Table 5.
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Table 3 Comparison of Mean Scores (Independent Sample t-Tests) and Standard Deviations of MHD Patients and Caregivers PTG,
PSSS, and MCMQ Scales

Mean Value | Standard Deviation t Significance (Two-Tailed) 95% Confidence Interval of
Difference
Lower Limit | Upper Limit
PTGI MHD patients 723 244 -2.392 0.018 —6.8137 —0.6473
PTGI Caregivers 76.1 243
PSSS MHD patients 57.5 15.4 2.238 0.027 0.2725 4.4083
PSSS Caregivers 55.1 15.5
MCMQ | MHD patients 25.9 15.7 0.209 0.834 —1.6756 2.0727
MCMQ Caregivers 257 14.8

Univariate Analysis

Using the method of independent sample #-test, taking the upper or lower normal limit of the test index as the grouping
basis, some test indexes are obtained, and the mean value of the scale score is significantly different. Among the
indicators related to iron-erythrocyte metabolism, the PTGI score of MHD patients with an average erythrocyte volume >
100 fL was higher than that of MHD patients with an average erythrocyte volume <100 fL. The mean value and standard
deviation of the score of MHD patients with erythrocyte volume > 100 fL were 85.4 £ 19.8, while the mean value of
MHD patients with erythrocyte volume > 100 fL was 70.7 &= 24.8. MHD patients with reticulocytes > 1.5% had lower
PTGI scores (68.9+25.8) than those who had <1.5% (78.4£21.2), and caregivers with serum iron > 10.6 pmol/L had
higher PTGI scores (78.3+21.7) than those with <10.6 pmol/L (67.9+22.9), p< 0.05. The results are shown in Table 6.

Comparison of the Differences in Serum Iron at Different PTGI Levels

According to the results of the independent sample #-test, the mean values of erythrocyte volume, reticulocytes, and
serum iron indexes were further investigated in MHD patients with different PTGI levels (based on the median
grouping). The results showed statistically significant differences in PTGI scores for MHD patients and caregivers at
different levels, as well as in MHD patients’ serum iron. The serum iron difference of MHD patients with PTGI greater
than or equal to the median was 2.17 + 0.83 umol/L (p <0.05). The serum iron difference of caregivers with PTGI greater
than or equal to the median was 1.69 + 0.84 umol/L, p <0.05. The results are shown in Table 7.

Comparison of Differences in Erythrocyte Distribution Width SD at MCMQ Score

Levels

Using the median MHD patients and caregivers MCMQ scale scores as the basis for grouping, the results obtained had
statistically significant differences in the mean value of the erythrocyte distribution width of the MHD patients for
different MCMQ scale score levels. The difference in erythrocyte distribution width SD in MHD patients with a score >
the median MCMQ was 2.67 = 1.13% compared with those who had a score < the median, p <0.05. The difference in
erythrocyte distribution width SD in caregivers with a score > the median MCMQ was 2.89 + 1.12% compared with the
group with a score < the median, p < 0.05. The results are shown in Table 8.

Correlation Test Between Serum Iron, Erythrocyte Distribution Width SD,

Reticulocytes and Scores of Each Scale

Bivariate correlation analysis was performed between the MHD patient test data and PTGI, social support scale and
MCMQ scale scores. The results showed that in the correlation test between reticulocyte, serum iron and PTGI scores of
MHD patients, Pearson correlation coefficients were 0.239 and —0.193, respectively. In the correlation test between
erythrocyte distribution width SD and MCMQ scores of caregivers, the Pearson correlation coefficient was 0.225, p <
0.05, indicating significant differences. The results are shown in Table 9.
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Table 4 Influence of Total Iron Binding Capacity on PTGI, PSSS

and MCMQ Scores of MHD Patients and Their Caregivers (n=132)

Scores Variance t Significance | Difference | Difference of | 95% Confidence
Homogeneity Test (Two-Tailed) of Mean Standard Interval of
Value Error Difference
Mean | Standard F Significance Lower | Upper
Value | Deviation Limit Limit
PTGI of TIBC=45 umol/L (n=69) 75.6 25.3 Assuming equal 0.447 0.505 1.841 0.068 7.7384 4.2032 —0.5770 | 16.0539
MHD TIBC<45 umol/L (n=63) 67.8 228 variance
patients
PSSS of TIBC=45 umol/L (n=69) 59.0 15.6 Assuming equal 1.880 0.173 1.693 0.093 4.4562 2.6327 —0.7522 | 9.6646
MHD TIBC<45 umol/L (n=63) 54.6 14.6 variance
patients
MCMQ of TIBC=45 umol/L (n=69) 259 16.2 Assuming equal 3.164 0.078 0.476 0.635 1.2202 2.5634 —3.8512 | 6.2915
MHD TIBC<45 umol/L (n=63) 24.6 12.8 variance
patients
PTGI of TIBC=45 umol/L (n=69) 78.6 25.5 Assuming equal 1217 0.272 1.169 0.245 4.8323 4.1348 —3.3480 | 13.0126
caregivers TIBC<45 umol/L (n=63) 738 21.6 variance
PSSS of TIBC=45 umol/L (n=69) 552 16.5 Assuming equal 1.703 0.194 0.282 0.778 0.7598 2.6946 —4.5710 | 6.0907
caregivers TIBC<45 umol/L (n=63) 54.4 14.3 variance
MCMQ of TIBC=45 umol/L (n=69) 26.0 16.3 Assuming equal 8.235 0.005 0.716 0.475 1.7143 2.3941 —3.0260 | 6.4545
caregivers TIBC<45 umol/L (n=63) 243 10.9 variance
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Table 5 Effect of Transferrin Saturation Level on MCMQ Scores of Caregivers (n=115)

Transferrin Saturation Difference of | Standard Error | Significance | 95% Confidence Interval of Difference
Mean Value
Lower Limit Upper Limit

<20% (n=3) 20-50% (n=91) —12.359 7973 0.124 —28.157 3.439
>50% (n=21) —18.857 8.387 0.027 —35.474 —2.240
20-50% (n=91) <20% (n=3) 12.359 7973 0.124 —3.439 28.157
>50% (n=21) —6.498 3.290 0.051 —-13.016 0.020
>50% (n=21) <20% (n=3) 18.857 8.387 0.027 2.240 35.474
20-50% (n=91) 6.498 3.290 0.051 —0.020 13.016

Discussion
PTGI, PSSS, and MCMQ Scale Scores for Patients on Maintenance Hemodialysis and

Their Caregivers

This research shows that the score of MHD patients with PSSS is higher than that of their caregivers, which indicates that
MHD patients’ perception of help and understanding from other members of society is higher than that of their
caregivers. MHD patients tend to receive more care from relatives and friends. This is a factor that facilitates the
formation of posttraumatic growth in MHD patients. Both caregivers and MHD patients developed higher levels of
posttraumatic growth after experiencing this traumatic event,”* but caregivers had higher levels of PTGI than MHD
patients, which may be due to the difference in the degree of perception of this traumatic event and ruminant meditation
between caregivers and MHD patients. Due to the long treatment cycle, heavy economic burden, and many complications
of dialysis treatment, the caregivers of MHD patients have to passively assume more family responsibilities, not only in
terms of economic burden and daily living care, but also in terms of possible negative emotions of MHD patients, thus
the posttraumatic growth level of caregivers will be higher. As a person who has experienced the disease, the MHD
patient focuses more on the severity and outcome of his or her illness, so it is easier for the patient to reflect on this event

and form an invasive meditation.?>

Effect of Iron-Erythrocyte Metabolism on Posttraumatic Growth of Patients on

Maintenance Hemodialysis and Their Caregivers

It is well known that patients with chronic kidney disease often present with anemia, the most common cause being
erythropoietin (EPO) deficiency.”® Iron deficiency anemia caused by insufficient iron levels due to digestive system
symptoms and chronic consumption is also common. Anemia patients often present with dizziness, weakness, and
increased heart rate,?” which greatly affects the quality of life and treatment cycle of patients, while long-term anemia
may correlate with the occurrence and progression of heart failure and deterioration of renal function.”® Commonly used
clinical modalities to correct anemia are iron supplementation (intravenous, oral),29 Roxadustat, and recombinant human
erythropoietin, which usually achieve good results. However, for most patients, more medication is not only a financial
burden but also a psychological burden. The results of this research show that higher levels of serum iron suggest
adequate hematopoietic material, and the level of caregivers’ posttraumatic growth is higher because the high level of
serum iron is linked to better objective indicators and control of the disease. When evaluating the iron homeostasis of
MHD patients, we should comprehensively consider serum iron and TIBC, as serum iron may be affected by inflamma-
tion and other factors. Some studies have explained the role of TIBC in evaluating the muscle performance of MHD
patients. High-level TIBC has better muscle strength and cardiac function, and better life treatment and prognosis.
However, in our research, we did not find significant differences in the scores of MHD patients and their caregivers in
different groups of TIBC. We further considered this question, and it is possible that the positive results were masked by
differences in sex, and further statistical analysis based on sex differences still did not reveal significant differences.
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Table 6 Effects of Mean Corpuscular Volume, Reticulocyte and Serum Iron Levels on PTGI Scores of MHD Patients

and Caregivers

PTGI Scores Variance t Signifi- Difference Difference 95% Confidence
Homogeneity Test cance of Mean of Standard Interval of
(Two- Value Error Difference
o Tailed)
Mean | Standard F Significance Lower Upper
Value | Deviation Limit Limit
Mean corpuscular 2 100fL (n=12) 854 19.8 Assuming equal 1.817 0.180 2.001 0.047 14.7581 7.3744 0.1718 29.3444
volume and PTGI of <100fL (n=123) 70.7 248 variance
MHD patients
Reticulocytes and PTGl 21.5% (n=74) 68.9 258 Assuming equal 2.196 0.141 —-1.996 0.048 —9.5216 4.7699 —18.9727 | -0.0706
of MHD patients <1.5% (n=40) 784 21.2 variance
Serum iron and PTGl of 210.6 umol/L 783 21.7 Assuming equal 0.179 0.673 2.230 0.028 10.3384 4.6354 1.1452 19.5316
caregivers (n=72) variance
<10.6 umol/L 67.9 229
(n=33)
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Table 7 Differences in Serum Iron Levels Between High and Low PTG Levels

Variance t Degree of Signifi-cance Differ-ence of Differ-ence of 95% Confidence
Homogeneity Test Freedom (Two-Tailed) Mean Value Standard Error Interval of
Difference

F Significance Lower Upper

Limit Limit

MHD Assuming 2.283 0.134 261 103 0.010 2.17 0.83 0.52 3.82
patients equal
variance
Caregivers Assuming 2.283 0.134 261 103 0.010 1.69 0.84 0.02 3.36
equal

variance

Table 8 Differences in Erythrocyte Distribution Width SD Between High and Low MCMQ Levels

Variance t Degree of Significance Difference of Difference of 95% Confidence
Homogeneity Test Freedom (Two-Tailed) Mean Value Standard Error Interval of
Difference
F Significance Lower Upper
Limit Limit
MHD 0.154 0.696 2372 89 0.020 2.67 1.13 0.434 4915
patients
Caregivers | 0.372 0.544 2.577 89 0.012 2.89 1.12 0.663 5.133

Table 9 Correlation Test Between Serum Iron, Erythrocyte Distribution Width SD, Reticulocytes and Scores of Each Scale

PTGl of MHD | PSSS of MHD MCMQ of PTGI of PSSS of MCMQ of

Patients Patients MHD Patients Caregivers Caregivers Caregivers
Serum iron (n=105) Pearson correlation 0.239* 0.172 0.111 0.174 —0.086 0.055
Significance (Two-tailed) 0.014 0.079 0.258 0.076 0.380 0.576
Erythrocyte distribution Pearson correlation 0.059 0.051 0.145 0.168 0.075 0.225

width SD (n=91)

Significance (Two-tailed) 0.579 0.633 0.170 0.111 0.481 0.032
Reticulocytes (n=114) Pearson correlation -0.193* —0.144 0.041 —0.126 —0.109 0.026
Significance (Two-tailed) 0.040 0.126 0.667 0.180 0.248 0.782

Abbreviations: PTGI, the Posttraumatic Growth Inventory; PSSS, the Perceived Social Support Scale; MCMQ, the Medical Coping Modes Questionnaire.

According to the analysis, the TIBC of MHD patients with chronic kidney disease and long-term hemodialysis usually
remained normal or low for a long time, so the number of MHD patients at a high level was too small to make
a significant difference. However, another indicator showed that the caregivers in the group with higher transferrin
saturation had higher scores of ruminant meditations. In our analysis of this result, we considered that transferrin
saturation comprehensively reflected the MHD patient’s serum iron content and total iron binding capacity, and strongly
supported the role of iron homeostasis in the posttraumatic growth of MHD patients and their caregivers. In contrast,

elevated reticulocytes usually suggest the promotion of bone marrow erythropoiesis,”

and patients with low blood
erythrocyte counts and insufficient oxygen-carrying capacity will be prone to systemic symptoms such as malaise and
dizziness. The results of this research show that MHD patients with high reticulocyte levels have low levels of
posttraumatic growth, because high reticulocytes suggest that their peripheral blood red blood cells are insufficient and
that MHD patients are more likely to be in a state of anemia and hypoxia. The larger mean erythrocyte volume,
commonly seen in megaloblastic anemia, may be due to folic acid and vitamin B12 deficiency, implying poorer

erythrocyte function.’ However, the result was that MHD patients had higher PTGI scores, a finding that did not
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meet expectations. To clarify the effect of this index, it would be worthwhile to further explore the effect of folic acid and
vitamin B12 differences. From another perspective, exploring whether there was a difference in the mean values of serum
iron indicators between caregivers and MHD patients with different PTGI levels, the results showed that MHD patients
with high levels of PTGI had higher serum iron indicators, a result consistent with the aforementioned conclusion that
high levels of serum iron form high levels of PTGI. We also explored differences in the erythrocyte distribution width SD
at different MCMQ scale score levels for MHD patients and caregivers. The results showed that MHD patients and their
caregivers with higher MCMQ scores had a larger erythrocyte distribution width SD; that is, the higher the ruminant
meditation level and the reflection level on events was, the higher the erythrocyte distribution width SD. Bivariate
correlation analysis between serum iron, erythrocyte distribution width SD, reticulocytes and the scores of each scale
showed that serum iron was positively correlated with the MHD patient’s PTGI, reticulocytes were negatively correlated
with the MHD patient’s PTGI, and the erythrocyte distribution width SD was positively correlated with the caregiver
MCMQ scale score. In summary, we can clarify the correlation between iron-erythrocyte metabolism-related indicators
and the traumatic growth of MHD patients and caregivers, and further analysis can infer that maintaining iron home-
ostasis and normal erythrocyte number and function has a facilitating effect on the posttraumatic growth of MHD patients
and caregivers.*?

Conclusion

This research investigated the effect of iron-erythrocyte metabolism-related tests on PTGI, PSSS, and MCMQ scale scores.
The results showed that serum iron was positively correlated with MHD patients’ PTGI. Caregivers with high transferrin
saturation had higher MCMQ scores than those below the reference value, suggesting that good nutritional levels and adequate
hematopoietic material are beneficial for posttraumatic growth of MHD patients and caregivers. In contrast, reticulocytes are
negatively correlated with the MHD patient’s PTGI, and the high level represents a low level of red blood cells in the MHD
patient’s blood and a promotion of bone marrow erythropoiesis. Mean erythrocyte volume and erythrocyte distribution width
also suggest the impact of differences in erythrocyte morphology and distribution on their function, which in turn affects MHD
patients’ and caregivers’ ruminative meditation and posttraumatic growth. Therefore, medical workers should focus on the
indicators related to iron-erythrocyte metabolism in maintenance hemodialysis patients and should pay attention to improving
MHD patients’ nutritional status, and timely supplementation with iron, folic acid and vitamin B12, to improve anemia and
promote posttraumatic growth of MHD patients and their caregivers.

Summary

The innovation of this research is that, on the one hand, it analyzes the relationship between objective test indexes related
to iron-erythrocyte metabolism and posttraumatic growth, whereas previous studies were limited to MHD patients’
general social information and subjective scores. On the other hand, in addition to analyzing MHD patients’ posttrau-
matic growth, this research also targets the family members who take care of them, promoting their posttraumatic growth,
which is also important for taking care of MHD patients, facilitating their compliance with treatment and obtaining
a better quality of life. The limitation is that the research is a cross-sectional study design, and it is not possible to infer
causality but only to determine the correlation between serum iron, reticulocytes and other relevant tests and posttrau-
matic growth. In addition, the clinical indicators of MHD patients are diverse, and the association of various indicators
and their influence on each other are not well controlled for covariates. We did not collect sample data of MHD patients
and caregivers from the perspective of longitudinal comparison, because the longitudinal comparison requires a long
time, which makes data collection more difficult. If longitudinal comparisons are used, the long research period results in
missing data when MHD patients proceed to kidney transplantation, transfer to another hospital, or die. To ensure the
objectivity of the post-traumatic growth level of the research subjects, the caregivers in this research are the main
caregivers of the selected MHD patients. With a longitudinal comparison approach, changes in caregivers may occur
during the data-tracking process, which will affect the representativeness of data on the assessment of caregivers’
posttraumatic growth. Further longitudinal studies could be conducted in the future to explore the causal relationship
between the corresponding indicators and posttraumatic growth between MHD patients and caregivers. The relationship
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between other systemic metabolic indicators and posttraumatic growth of MHD patients and caregivers can also be
further explored.
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questions were answered.

Author Contributions

In this research, Xin-Rui Liang was responsible for writing the manuscript, as well as data and funding support for the
project. Wen-Hao Dong was responsible for writing the manuscript and conducting the statistical analysis. Wen-Di Bi was
responsible for writing and revising the manuscript. Jing-Jing Li and Yan-Qiu Weng were responsible for the collection and
organization of the questionnaire results. Ling-Juan Zhang and Zhi-Yong Guo were responsible for the guidance of
manuscript revision. All authors made a significant contribution to the work reported, whether that is in the conception,
study design, execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising
or critically reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the
article has been submitted; and agree to be accountable for all aspects of the work.

Funding

The incubation project of youth cultivation project in nursing peak discipline of Naval Military Medical University
(18QPFHO08) Project establishment and cultivation of teaching achievements in Changhai Hospital of Naval Military
Medical University (CHPY2021B16) The main uses of the financial support are: distribution and collection of ques-
tionnaires, statistics of the data, editing and revision of the manuscript language, and APC for the manuscript.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Harmon J, Venta A. Adolescent posttraumatic growth: a review. Child Psychiatry Hum Dev. 2021;52(4):596—608. doi:10.1007/s10578-014-0521-z

2. Jones AC, Hilton R, Ely B, et al. Facilitating posttraumatic growth after critical illness. Am J Crit Care. 2020;29(6):¢108—e115. doi:10.4037/
ajcc2020149

3. Yorulmaz H, Bayraktar S, Ozdilli K. Posttraumatic growth in chronic kidney failure disease. Procedia Soc Behav Sci. 2010;5:2313-2319.
doi:10.1016/j.sbspro.2010.07.456

4. Czyzowska N, Raszka M, Kalus A, et al. Posttraumatic growth and spirituality in mothers of children with pediatric cancer. Int J Environ Res
Public Health. 2021;18(6):2890. doi:10.3390/ijerph18062890

5. Fang L, Weihong L, Wenjuan X. Reliability and validity of simplified Chinese posttraumatic growth scale in patients with liver cancer. Abstracts of
the 19th national psychological Academic Conference; 2016:90.

6. Vila Castellar J. Social support and longevity: meta-analysis-based evidence and psychobiological mechanisms; 2021. doi:10.3389/
fpsyg.2021.717164

7. Dandan Z, Ming Z. Correlation between psychological resilience and social support, coping styles in patients undergoing partial hepatectomy. Chin

J Health Psychol. 2021;29(11):1665-1669. doi:10.13342/j.cnki.cjhp.2021.11.014

.Li L, Peng T, Liu R, et al. Development of the psychosomatic symptom scale (PSSS) and assessment of its reliability and validity in general

hospital patients in China. Gen Hosp Psychiatry. 2020;64:1-8. doi:10.1016/j.genhosppsych.2020.01.008

9. Dubuy Y, Sébille V, Bourdon M, et al. Posttraumatic growth inventory: challenges with its validation among French cancer patients. BMC Med Res
Methodol. 2022;22(1):246. doi:10.1186/s12874-022-01722-6

10. Yeung NCY, Lu Q. Perceived stress as a mediator between social support and posttraumatic growth among Chinese American breast cancer
survivors. Cancer Nurs. 2018;41(1):53. doi:10.1097/NCC.0000000000000422

11. Cui C, Wang K, An J, et al. Current status and influencing factors of post-traumatic growth in maintenance hemodialysis. /nt J Nurs Sci. 2017;4
(4):362-366. doi:10.1016/].ijnss.2017.09.008

12. Li T, Liu T, Han J, et al. The relationship among resilience, rumination and posttraumatic growth in hemodialysis patients in North China. Psychol
Health Med. 2018;23(4):442-453. doi:10.1080/13548506.2017.1384553

13. Li X, Zhou X, Ma D, et al. Status and factors related to post-traumatic growth in continuous ambulatory peritoneal dialysis: a multi-centre study.
Nurs Open. 2022;9(1):550-558. doi:10.1002/nop2.1096

14. Inampudi C, Alvarez P, Asleh R, et al. Therapeutic approach to patients with heart failure with reduced ejection fraction and end-stage renal
disease. Curr Cardiol Rev. 2018;14(1):60—66. doi:10.2174/1573403X14666180123164916

oo

8246 International Journal of General Medicine 2022:15

Dove!


https://doi.org/10.1007/s10578-014-0521-z
https://doi.org/10.4037/ajcc2020149
https://doi.org/10.4037/ajcc2020149
https://doi.org/10.1016/j.sbspro.2010.07.456
https://doi.org/10.3390/ijerph18062890
https://doi.org/10.3389/fpsyg.2021.717164
https://doi.org/10.3389/fpsyg.2021.717164
https://doi.org/10.13342/j.cnki.cjhp.2021.11.014
https://doi.org/10.1016/j.genhosppsych.2020.01.008
https://doi.org/10.1186/s12874-022-01722-6
https://doi.org/10.1097/NCC.0000000000000422
https://doi.org/10.1016/j.ijnss.2017.09.008
https://doi.org/10.1080/13548506.2017.1384553
https://doi.org/10.1002/nop2.1096
https://doi.org/10.2174/1573403X14666180123164916
https://www.dovepress.com
https://www.dovepress.com

Dove Liang et al

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

3

—_

32.

Hanna RM, Streja E, Kalantar-Zadeh K. Burden of anemia in chronic kidney disease: beyond erythropoietin. Adv Ther. 2021;38(1):52-75.
doi:10.1007/512325-020-01524-6

Artzi-Medvedik R, Kob R, Fabbietti P, et al. Impaired kidney function is associated with lower quality of life among community-dwelling older
adults: the screening for CKD among older people across Europe (SCOPE) study. BMC Geriatr. 2020;20(Suppl 1):340. doi:10.1186/s12877-020-
01697-3

Puig Llobet M, Sanchez Ortega M, Lluch-Canut M, et al. Positive mental health and self-care in patients with chronic physical health problems:
implications for evidence-based practice. Worldviews Evid Based Nurs. 2020;17(4):293-300. doi:10.1111/wvn.12453

Lew SQ, Piraino B. Quality of life and psychological issues in peritoneal dialysis patients. Semin Dial. 2005;18(2):119-123. doi:10.1111/j.1525-
139X.2005.18215.x

Furusho M, Kawazu M, Takeda K, et al. Nephrology pre-dialysis care affects the psychological adjustment, not only blood pressure, anemia, and
phosphorus control. Hemodial Int. 2015;19(Suppl 3):S2-S4. doi:10.1111/hdi.12345

Wang J, Yao C, Yanbo W. Revision of the Posttraumatic Growth Inventory and testing its reliability and validity. J Nurs Sci. 2011;26(14):26-28.
doi:10.3870/h1xzz.2011.14.026

Yuan C, Hongmei M, Chen Z. Reliability and validity of Chinese version of multidimensional scale of perceived social support in elderly people
with chronic diseases. J Nurs. 2018;25(18):5-8. doi:10.16460/].issn1008-9969.2018.18.005

Xiaohong S, Qianjin J. Report on application of Chinese version of MCMQ in 701 patients. Chin J Behav Med Sci. 2000;(01):22-24. doi:10.3760/
cma.j.issn.1674-6554.2000.01.008

Dambi JM, Corten L, Chiwaridzo M, et al. A systematic review of the psychometric properties of the cross-cultural translations and adaptations of
the Multidimensional Perceived Social Support Scale (MSPSS). Health Qual Life Outcomes. 2018;16(1):1-19. doi:10.1186/s12955-018-0912-0
Huixia D. The Analysis of Posttraumatic Growth Levels and Its Influence Factors in Spouses of Gastrointestinal Cancer Patients. Shandong
University; 2017.

Yuan W, Guangcheng C. Relationship between ruminant meditation and post-traumatic growth in breast cancer patients. Chin J Health Psychol.
2022;30(05):678—683. doi:10.13342/j.cnki.cjhp.2022.05.009

Shiferaw WS, Akalu TY, Aynalem YA. Risk factors for anemia in patients with chronic renal failure: a systematic review and meta-analysis. Ethiop
J Health Sci. 2020;30(5):829-842. doi:10.4314/ejhs.v30i5.23

Fishbane S, Spinowitz B. Update on anemia in ESRD and earlier stages of CKD: core curriculum 2018. Am J Kidney Dis. 2018;71(3):423-435.
doi:10.1053/j.ajkd.2017.09.026

Saraf SL, Hsu JY, Ricardo AC, et al. Anemia and incident end-stage kidney disease. Kidney. 2020;1(7):623. doi:10.34067/kid.0000852020
Macdougall IC, Comin-Colet J, Breymann C, et al. Iron sucrose: a wealth of experience in treating iron deficiency. Adv Ther. 2020;37
(5):1960-2002. doi:10.1007/s12325-020-01323-z

Hoenemann C, Ostendorf N, Zarbock A, et al. Reticulocyte and erythrocyte hemoglobin parameters for iron deficiency and anemia diagnostics in
patient blood management. A narrative review. J Clin Med. 2021;10(18):4250. doi:10.3390/jcm10184250

. Torrez M, Chabot-Richards D, Babu D, et al. How I investigate acquired megaloblastic anemia. /nt J Lab Hematol. 2022;44(2):236-247.

doi:10.1111/ij1h.13789
Kee YK, Jeon HJ, Oh J, et al. Hypochromic red cells as predictors of anemia in patients undergoing hemodialysis: an observational retrospective
wo. Sci Rep. 2021;11(1):1-8. doi:10.1038/s41598-021-03746-2

International Journal of General Medicine Dove

Publish your work in this journal

The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a
very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

International Journal of General Medicine 2022:15 v in g Dove 8247


https://doi.org/10.1007/s12325-020-01524-6
https://doi.org/10.1186/s12877-020-01697-3
https://doi.org/10.1186/s12877-020-01697-3
https://doi.org/10.1111/wvn.12453
https://doi.org/10.1111/j.1525-139X.2005.18215.x
https://doi.org/10.1111/j.1525-139X.2005.18215.x
https://doi.org/10.1111/hdi.12345
https://doi.org/10.3870/hlxzz.2011.14.026
https://doi.org/10.16460/j.issn1008-9969.2018.18.005
https://doi.org/10.3760/cma.j.issn.1674-6554.2000.01.008
https://doi.org/10.3760/cma.j.issn.1674-6554.2000.01.008
https://doi.org/10.1186/s12955-018-0912-0
https://doi.org/10.13342/j.cnki.cjhp.2022.05.009
https://doi.org/10.4314/ejhs.v30i5.23
https://doi.org/10.1053/j.ajkd.2017.09.026
https://doi.org/10.34067/kid.0000852020
https://doi.org/10.1007/s12325-020-01323-z
https://doi.org/10.3390/jcm10184250
https://doi.org/10.1111/ijlh.13789
https://doi.org/10.1038/s41598-021-03746-2
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Objectives and Methods
	Research Objects
	Research Tools
	Social Demographic Characteristics Table
	PTGI
	PSSS
	MCMQ
	Data Collection
	Ethical Review
	Data Processing

	Results
	Describe and Analyze the General Conditions of MHD Patients and Their Caregivers
	Analysis of the PTGI, PSSS and MCMQ Scores
	Univariate Analysis
	Comparison of the Differences in Serum Iron at Different PTGI Levels
	Comparison of Differences in Erythrocyte Distribution Width SD at MCMQ Score Levels
	Correlation Test Between Serum Iron, Erythrocyte Distribution Width SD, Reticulocytes and Scores of Each Scale

	Discussion
	PTGI, PSSS, and MCMQ Scale Scores for Patients on Maintenance Hemodialysis and Their Caregivers
	Effect of Iron-Erythrocyte Metabolism on Posttraumatic Growth of Patients on Maintenance Hemodialysis and Their Caregivers

	Conclusion
	Summary
	Statement of Informed Consent
	Author Contributions
	Funding
	Disclosure

