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Background

Clinical studies have not conclusively clarified whether fatigue scores in living kidney donors after donation are fundamentally different from general population samples. Moreover, the association between sociodemographic and donor specific factors and fatigue in donors is not well understood.





Patients and methods

Fatigue scores of 358 living kidney donors on average 7.67 years post-donation were compared with 1896 subjects from the German general population in five strata of age and sex. Fatigue was measured with the Multidimensional Fatigue Inventory (MFI-20). Relationships between the five MFI-20 subscales and the sociodemographic variables sex, age, education, and in the donor sample also years since donation were calculated. Additionally, the association between donor specific variables and fatigue levels were analyzed.





Results

Overall, donors had lower fatigue scores than the population sample. Particularly the age group 65-74 and above reported significantly lower fatigue scores. A significant exception was found in women aged 45-54 years, where donors showed significant higher general fatigue scores than the corresponding subgroup of the general population sample. Multiple regression analyses in the general population sample revealed associations between female sex and higher age with higher values in most MFI-20 subscales, whereas subjects with higher education showed mostly lower fatigue scores. In the donor group, these associations were of little importance. Also, years since donation, partnership, and recipient group were not strongly related to fatigue. However, higher fatigue in donors was associated with more donation regret, a more negative relationship with the recipient, a more negatively perceived recipient health, less perceived family support, and more financial burden.





Conclusion

Fatigue is less prevalent particularly in older donors and predictors of fatigue presented in the general population sample seem to have little importance in the donors. However, middle-aged female donors might be more prone to develop fatigue. This group may require more intense exploration before and after donation to detect and treat the underlying factors timely.
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1 Introduction

Currently, in Germany, over 8,000 people are waiting for a donor organ, with the waiting time for a kidney being on average eight to ten years (1). In contrast to other European countries such as Spain, the number of organ donors in Germany is comparatively low, resulting in limited organ availability. Kidney transplantation is one of the few transplantation types that can be performed using a living donor and is becoming increasingly important in the German healthcare system. In 2022, 1,966 kidney transplants were performed in Germany, of which 535 (27.21%) were from living donors (1). A close emotional bond between donor and recipient is required by German law, and non-directed altruistic donation is prohibited (2). These legal restrictions limit the pool of potential living donors and may lead to different donor collectives compared to studies conducted in other countries. Globally, kidney transplantation is the optimal treatment for most patients with end-stage renal disease (ESRD), which is a growing health problem (3, 4). More than 20,000 living kidney transplants are performed each year (5). The proportion of living kidney donations differ significantly between different countries (3).

Although potential living kidney donors (LKD) in Germany undergo extensive physical and psychosocial evaluations, living donation is not a risk-free intervention. LKD have only a slightly increased risk of developing severe chronic kidney disease (CKD) and end-stage renal disease (ESRD).

Fatigue following surgery, including donor nephrectomy, is common and clinically expected (4, 6–11). While most LKD return to baseline fatigue scores several months after surgery (6, 12), some show persistently elevated fatigue scores compared to their pre-donation scores (e.g., 1 month, 6 months,12 months or up to 24 months post-donation) (6–8, 10, 13, 14), even when the overall post-donation fatigue scores are still comparable to control samples. Rodrigue et al. (6) reported persistent clinical fatigue lasting 24 months post-donation in 12% of their sample of 189 LKD. A recently published multicenter study in Germany reported significantly higher postoperative mental fatigue scores in LKD compared to the general population twelve months after donation (10) while the mean level of mental fatigue before donation was lower than in the German general population. This is in line with several studies showing that LKD normally represent a very healthy population (15). Unfortunately, data on fatigue as a putative complication of LKD are still rare. Furthermore, there is a lack of age and sex-based comparisons of LKD with non-donors which limits conclusive statements concerning the comparison with population-based studies (13, 16). Moreover, inconclusive results have been reported regarding the associations of socioeconomic variables such as age and sex with fatigue scores in LKD. For example, negative (7) or no associations (4, 9) between age and fatigue scores, and positive (4, 16) or no associations (6) between female sex and fatigue scores have been found. More research on factors affecting fatigue in LKD is considered necessary (8).

This study aims to provide an explorative overview of fatigue levels in LKD compared to a general population sample, highlighting differences across subgroups based on age and sex and thus may contribute to a better understanding of fatigue in this population. The fatigue scores of a large German sample of LKD were compared with those of a representative German population sample by age and sex, using the Multidimensional Fatigue Inventory (MFI-20). Additionally, the relationship between the MFI-20 sum score its five dimensions and the sociodemographic variables sex, age, education, and in the donor sample also years since donation was calculated. The association between donor specific variables with fatigue levels were examined including relationship quality with the recipient, recipient group, partnership status, financial situation, feeling of having been pushed, regret of donation, decision to donate, reaction of the family after donation, and perceived health status of the recipient were examined. Furthermore, based on previous studies (10) we also investigated potential thresholds for clinically relevant fatigue by comparing donor values with standardized thresholds from the general population sample.




2 Material and methods



2.1 Sampling

The LKD dataset is based on a sample size of 361, collected from the Hannover Medical School database between July 30th, 2016, and July 1st, 2017. The inclusion criterion was a time span of at least one year since the date of donation (1978-2016) (17, 18). Paper-pencil surveys were carried out to collect information on donor demographics, donor specific variables, as well as several standardized questionnaires, including the Multidimensional Fatigue Inventory (MFI-20) (19, 20). After contacting donors up to three times, 60% responded. The ethics committee of the Hannover Medical School approved the study with all patients giving written informed consent (no 3252-2016).

A sample of the German population with 2509 participants serves as the comparison sample in this study. The participants were recruited via a market and social research institute (USUMA GmbH, Berlin, Germany) in the time period between October 2nd and December 12th 2021. The study population is a random sample, stratified by sex, age, and regional distribution (16 federal states), of citizens aged 16 years or older, and officially registered in Germany. The dataset includes socio-demographic variables and other standardized questionnaires through face-to-face surveys by trained interviewers as well as self-reported paper-pencil questionnaires, such as the MFI-20. Informed consent was obtained from all respondents in accordance with the Declaration of Helsinki. The study was approved by the ethics committee of the University of Leipzig (298/21-ek). Further details on the samples can be found in previous papers (17, 18, 20). This study focuses on the results of the fatigue questionnaire MFI-20.




2.2 Measurements



2.2.1 Multidimensional Fatigue Inventory (MFI-20)

The Multidimensional Fatigue Inventory (MFI-20) (19) is one of the most commonly used instruments in Europe to assess fatigue and has been used in several studies to explicitly measure fatigue after living kidney donation (11, 13, 14, 21, 22). The MFI-20 comprises 20 items covering the five subscales of general fatigue, physical fatigue, mental fatigue, reduced motivation, and reduced activity. These dimensions refer to subscales which have been formed by factor analyses (19). Fatigue can be expressed by a person’s general statement about their functioning, such as “I feel rested” (general fatigue) as well as by referring to physical sensations related to the experience of fatigue (physical fatigue). The term fatigue is also used to describe indications of cognitive symptoms such as difficulties in concentration (mental fatigue), a lack of motivation to engage in activities (reduced motivation) and impairments in a person’s activity (reduced activity) (19). Each subscale consists of four items with response options on a five-point Likert scale from one to five (ranging from completely affirmative to completely incorrect). The range of the scales are 4 to 20 for the subscales and 20 to 100 for the MFI sum score. Higher scores indicate more pronounced fatigue levels. In collaboration with the developers of the MFI-20, the original English version of this scale was translated into German by independent translators (23). Westenberger and colleagues (20) report that the MFI-20 reflects satisfactory psychometric properties, including reliability and convergent validity, based on the general German population sample.




2.2.2 Donor-specific questions

The participants also responded to donor-specific questions, measuring factors such as economic situation (mainly negative/unchanged/mainly positive), regret of donation (not at all/some doubt), having felt pressured to donate (not at all/at least somewhat), decision to donate (easy/neutral/difficult), perceived recipient outcome (mainly negative/neutral/mainly positive), relationship (mainly negative/neutral/mainly positive) and change in relationship quality with the recipient after donation (mainly negative/neutral/mainly positive), recipient group (spouse/family/other), and recognition from family after donation (mainly negative/neutral/mainly positive).





2.3 Data processing

Data analyses and data processing were conducted using R (version 4.2.2). Reverse items were inverted prior to further analyses to ensure that higher scores consistently indicate higher levels of fatigue across all items. As recommended in the work of Schwartz et al. (22), sum scores of the five MFI-20 subscales and a total MFI-20 sum score were calculated. Due to the previously reported age and sex dependence of fatigue scores, subgroup comparisons were conducted to examine differences in fatigue scores between subjects of similar age and sex (4, 22). Following Westenberger et al. (20), seven age groups (≤ 24, 25 - 34, 35 - 44, 45 - 54, 55 - 64, 65 - 74, and > 74 years) were created for both samples, divided by self-reported sex (male and female). As there were no cases in the donor population under 24 years of age and only three cases aged 25-34 years, these two age groups were excluded from the analysis in both samples (Supplementary Table S1). The data of the general population sample includes three individuals of diverse gender, who were also excluded from all analyses. The final datasets consisted of 358 LKD and 1896 individuals from the general population. MFI-20 sum scores were calculated only when complete data were available within the subscales and the sum score. Subjects with missing items within one subscale, however, were not automatically excluded from further subscale comparisons, provided that complete scores were available for those subscales. The exact response frequencies are reported in Appendix Supplementary Table S2. Overall, the rate of missing values was low.

Based on the datasets used in this study we furthermore calculated how many LKD had fatigue scores exceeding one or two standard deviations of the mean fatigue scores in the general population sample for each MFI-20 subscale (Supplementary Table S8), which can be seen as a starting point for deriving cut-offs for clinically relevant fatigue scores in future studies. In the study by Suwelack et al. (10), it was assumed that clinically relevant fatigue symptoms were present if the fatigue score was more than one standard deviation above the score of the German general population sample. It is crucial to note that this definition may lead to overestimation of clinical significance. Therefore, we decided to perform the calculation in addition with two standard deviations to mitigate the risk of overestimating the clinical significance.




2.4 Statistical analysis

Differences in the individual subscales between donors and the general population sample were compared by age and sex (between group analyses). Since the MFI-20 scores were not normally distributed and the donor population and the general population sample were unequal in sample size, the Wilcoxon-Mann-Whitney U test was performed. Effect sizes were calculated using Cohen’s d with 95% confidence interval and were interpreted according to Cohen (24): d >.20 (weak effect), d >.50 (medium effect), d >.80 (large effect), as the group sizes differ strongly from each other.

In addition, two multiple linear regression analyses were conducted separately for the donor sample and the general population sample to disentangle the associations between sociodemographic variables and the MFI-20 scores (within-group analyses). The sociodemographic variables age, sex, education and, for the donor sample, years since donation, were used as independent variables. Age and years since donation were numerical variables, sex and education were binary categorical. For the variable education (donor sample: 5 levels, general population sample: 9 levels), the highest attained school education was dichotomized into A-level (yes/no). In addition to the main analyses, interaction effects between age and time since donation were calculated for the MFI-20 subscales to investigate potential interactions between the variables age and years since donation on fatigue scores.

The regression coefficient β was used to calculate the effect of these variables on the MFI-20 subscales and the MFI-20 sum score. The significance level for all analyses was consistently set at 5% (two-sided) without adjusting for multiple tests as this study is exploratory. The coefficients of determination R² were evaluated according to Cohen (24): weak variance explanation |R²| = .02, moderate variance explanation |R²| = .13, strong variance explanation |R²| = .26.

Additionally, univariate non-parametric analyses were conducted to examine the association between donor specific questions and fatigue levels in LKD.





3 Results



3.1 Characteristics of the LKD and the general population sample

Donors who did not return the survey did not differ significantly with regard to age [55.0 (SD 8.4) versus 55.9 (SD 8.0) years], sex (females 65.9% versus 64.1%), and organ recipient group when compared with donors who returned the survey. Duration since donation was longer in participants compared to non-participants [8.24 (SD 5.2) versus 7.1 (SD 5.2) years; T = −2.297 (df = 477), p = 0.022] (18).

N = 128 (35.75%) of the LKD were male and n = 230 (64.25%) were female (descriptive statistics Table 1). The mean age at donation was 58.57 years (SD 9.71), and the mean time since donation was 7.67 years (SD 5.72). Supplementary Table S3 provides more detailed information on the variable years since donation and on the kidney recipient for the donor subgroups. The time since donation is generally longer for older than for younger donors. Years since donation between male and female donors within the age groups are comparable. Most kidney recipients were daughters/sons of the donors [n = 162 (44.88%)], followed by spouses [n = 135 (37.40%)] and siblings [n = 38 (10.53%)], (Supplementary Table S3). Of the LKD, 91 (25.42%) reported having a high school diploma (A-level), while n = 266 (74.30%) had other qualifications or no school diploma at all.


Table 1 | Characteristics of the German general population sample, and the LKD sample for the between group analysis.



The general population sample consists of 941 (49.63%) males and 955 (50.37%) females with an overall mean age of 57.05 years (SD 13.25). Similar to the donor group, at least n = 394 (20.78%) of the subjects have a high school diploma (A-level), while 1502 (79.22%) report having another or no school diploma.




3.2 Comparison between the LKD and the general population sample

Fatigue scores of the entire samples and stratified by sex and age are presented in Supplementary Tables S4–S7. Figures 1A, B provides additional information on the descriptive distribution of fatigue scores. Overall, the fatigue scores of the LKD were significantly lower in all MFI-20 subscales in the MFI-20 sum score compared to the population sample except for “general fatigue”. These differences were particularly pronounced in the age group 65-74 and above in both sexes. In younger age groups we did not find significant differences between LKD and the population sample. One exception is the group of 45–54-year-old female donors, who demonstrated significantly higher “general fatigue” scores (p < 0.001) compared to the corresponding comparison group. The effect sizes according to Cohen’s d correspond to moderate to strong effects (Supplementary Table S7).




Figure 1 | (A) Male Subjects. (B) Female subjects. Boxplots for the MFI-20 subscales according to age and sex for the donor sample and the general population sample. Significant comparisons are listed in Supplementary Tables S5, S7. Boxplot for each subscale of the MFI-20 by sex and age groups (years). Y-axis shows fatigue scores (subscale range: 4-20). The horizontal line indicates the median of the distribution, the box represents the lower to upper quartile of the data, the whiskers extend to the last data point over 1.5 times of the interquartile range, circles represent outliers outside of this range).






3.3 Donors with scores two standard deviations above general population sample means

Table 2 provides an overview of the number of participants who were two standard deviations above the population mean in the respective sex category. Descriptively, the findings suggest a notable disparity between male and female sex, especially in the MFI-20 subscales “reduced activity” and “mental fatigue” and the MFI-20 sum score.


Table 2 | Donors 2 SD above the general population sample mean, by sex.






3.4 Within group analyses

In the general population sample (Table 3), female sex and higher age were significantly associated with higher fatigue scores, whereas higher educated subjects showed significantly lower fatigue scores in most subscales. Adjusted R2 ranged from 0.03 to 0.14 for the models. The highest explanatory scores were found for “physical fatigue”, “reduced activity” and the MFI-20 sum score. According to Cohen (24), these scores correspond overall to a moderately explained variance.


Table 3 | Regression coefficients (with standard error of estimate in parentheses) from the multiple linear regression analysis for the general population sample.



In the LKD sample (Table 4), age had a negative association with the subscales “general fatigue” and “mental fatigue”. Years since donation was positively associated with the subscale “physical fatigue”. However, the explained variance of the multiple regression was weak (24) with adjusted R2 scores ranging from -0.00 to 0.05. The calculation of the interaction effects between age and time since donation did not yield statistically significant results for any of the MFI-20 subscales (all p > 0.05) (Supplementary Table S9).


Table 4 | Regression coefficients (with standard error of estimate in parentheses) from the multiple linear regression analysis for the donor sample.



There was no relationship between fatigue levels and current partnership, recipient group, having felt pressured to donate, and difficulty in the decision to donate. Significant associations were found with regret of donation, relationship and change in relationship with the recipient, perceived health of the recipient, financial situation, and perceived family support after donation (Table 5).


Table 5 | Associations of fatigue scores with donor specific questions.







4 Discussion

Overall, LKD experienced lower fatigue levels compared to a general population sample. This was particularly evident in older age groups (> 65 years), as LKD maintained stable levels of fatigue while the general population sample tended to experience increasing fatigue. One exception was that female LKD in the age group of 45-54 years showed significantly higher general fatigue scores than the respective age group in the general population sample. In the general population sample, age, gender, and education were significantly associated with fatigue levels, particularly in terms of physical fatigue, reduced activity, and the MFI-20 sum score. However, this did not apply to LKD, even when considering the time since donation and an interaction between age and years since donation.

With a mean time of 7.67 years post-donation, the present study showed mostly lower fatigue scores of donors compared to the respective sex and age group of the general German population. This is not surprising as LKD are a highly selected group and these results are in line with several previous studies. LKD candidates undergo comprehensive medical and psychological evaluation which leads to the exclusion of potential donors with limited health screening before donation (4, 10, 21, 25–27). A Dutch, ten years follow-up study (n = 74) revealed, independent of subgroup analysis, that LKD reported higher MFI-20 scores postoperatively compared to pre-donation scores, except for mental fatigue. However, despite these increased fatigue scores, living donors still exhibited lower fatigue scores compared to the general population sample after ten years (13). Similarly, Rodrigues et al. (6) reported in their longitudinal study comprising 189 living kidney donors with 19 health controls that although LKD suffered significantly more from fatigue than healthy controls one month after donor nephrectomy, no differences in fatigue scores were observed at later time points. Other studies investigating health-related variables using the SF-36 questionnaire also conclude that LKD exhibit no different (7, 28, 29) or even slightly lower (21, 30) scores than the control group.

In line with our findings, Sommerer and colleagues (9) reported in their study with (n = 211) LKD for the age group of > 60-year-old female and male donors significantly lower scores in almost all MFI-20 subscales compared to the German general population. Most likely, older LKD are particularly healthy individuals when they are selected for donation. Minnee et al. (12) found that donors over the age of 60 years showed an advantage in quality of life (QoL; SF-36) compared to donors under the age of 60 years. The authors suggested that older donors do not face their disabilities as quickly as younger donors because they do not have a family to care for or a day job. They also suggest that retirement may have a positive effect on recovery, as retired donors have more time to plan and carry out daily activities and, therefore, experience fewer limitations (12). Additionally, older LKD might be more accustomed to adapt to physical changes and a potential decline in physical capacity, which is an inevitable part of growing older.

It has been suggested that comparisons with the general population sample underestimate possible impairments experienced by living donors (31). Since only candidates with good physical and mental health are eligible for donation, it can be assumed that living donors constitute a selected sample with a generally higher quality of life than the general population. It has been shown that pre-donation QoL scores are higher than that of healthy individuals. Following this reasoning and previous research, below average fatigue levels can be expected in LKD pre-donation (10). However, it cannot be excluded that LKD candidates might (consciously or unconsciously) overstate their preoperative QoL and understate their preoperative fatigue to not be rejected as living donors (15). Prospective studies demonstrated an increase in fatigue lasting up to 24 months or even longer in some LKD (6, 10, 11). At the same time, risk factors having the potential to negatively impact fatigue were only recorded to a limited extent in previous longitudinal trials and the clinical significance of the observed changes is still unknown.

Interestingly, our MFI-20 scores are similar to the data reported by Suwelack (10) one year after donation and by Sommerer (9) almost 10 years after donation (Tables 6A, B). While the study by Sommerer et al. (9) - as our study - was not prospective, Suwelack et al. (10) reported pre-donation scores and found an increase specifically in mental fatigue with values that were below population norms pre-donation and above population norms 1-year after donation. The number of LKD exceeding 1 SD of population norms in our sample closely resemble those in the study by Suwelack et al. (10) (Table 6A). Taken together, when combining the results of other German studies, it appears that even though LKD have comparable or even lower fatigue scores compared to general population samples, some might still experience a significant and clinically relevant increase of fatigue post-donation. Post-donation fatigue levels in LKD that are above the population norms are of particular concern. Descriptive statistics of individual comparisons in our study showed, that there were donors who even exceeded the cutoff of two standard deviations of the population mean of the respective sex and age category, suggesting that these donors experienced a level of fatigue that is most likely clinically relevant. If this is associated with the kidney donation can, however, not be determined. Even though, the number of LKD in this fatigue level is small, from a clinical point of view, it is of utmost importance to identify the donors with clinically elevated fatigue scores.


Table 6A | Comparisons with German studies using the MFI-20.




Table 6B | Comparison with German studies using the MFI-20.



Female donors in the age group of 45-54 years were the only subgroup in this study that showed significantly higher fatigue scores than the general population sample in the subscale “general fatigue”. These results are partly in line with the results of Sommerer et al. (9), who also reported significantly higher fatigue scores in middle-aged female donors (40-59 years) in the subscales of general fatigue, but also physical fatigue.

One possible explanation for these findings could be physiological changes associated with the menopause, which are common in women of this age group. It is known that hormonal fluctuations during menopause, such as changes in estrogen and progesterone levels, generally disrupt sleep behavior and lead to lower energy levels (32, 33), which could contribute to fatigue and may influence the physical adaptation to nephrectomy in this donor group. Additionally, women in this age group are often faced with dual responsibilities, such as childcare and caring for elderly relatives, which can lead to increased stress and fatigue (9). Nevertheless, as women in the general population sample also experience menopause, including the physiological changes associated with it, it can only be speculated that there could be specific mechanisms enhancing the effects of menopause in women with only one kidney. However, as far as we know, so far there has been no research examining this theory.

The results of the multiple regression for the general population sample showed, with few exceptions, a significant positive association between fatigue levels and female sex and higher age, and a significant negative association of education. These findings confirm previous studies. A study in a representative sample of the Swedish general population sample confirms the sex difference, reporting significantly higher fatigue scores for women than for men on all MFI-20 subscales (34). Watt et al. (35) found slight sex differences with generally higher mean fatigue scores in women in a Danish general population sample. Some further studies report more fatigue in women than in men, and an almost linear increase with age (20, 22, 36). The positive effect of higher education on reduced fatigue scores seems to be well supported by previous research (34, 35).

In comparison to the general population sample, multiple linear regression analysis in the donor sample revealed virtually no association between fatigue and sex, age, and education level. Also, years since donation was unrelated to fatigue. The interaction effect between age and time since donation was also non-significant, indicating that the relationship between years since donation and fatigue is independent of age. Furthermore, the explanatory power of the models was generally low and other variables than age, sex, or education seem to play a role in the donor population compared to the general population.

In the literature, inconclusive results have been reported regarding associations of socioeconomic variables among LKD. For example, the presented findings are in contrast to a positive linear relationship between age and fatigue reported by Wirken et al. (8). However, the present findings are consistent with several other studies that have not found a significant relationship between age and fatigue (4, 9). Regarding sex, some studies also report an association between sex and fatigue in the donor population, with higher fatigue scores in women (4, 16), while other studies could not clearly show this association (6, 9).

Our results reaffirm that most LKD were satisfied with their decision to donate, did not feel pressured, and had a positive relationship with the recipient. Nevertheless, our results concerning the association between fatigue levels and donor specific factors are mostly in line with the existing literature. LKD who had experienced a negative change in the relationship with the recipient, lower appreciation from their family, and adverse outcomes for the recipient have been repeatedly found to be associated with adverse psychosocial outcome for LKD in previous studies (4, 37–40). However, we cannot simply assume causation in one direction. The majority of LKD did not regret donation and would be willing to donate again; still, LKD with at least some regret reported higher fatigue scores (4). In the U.S. an association between financial burdens related to donation and lower satisfaction with life has been reported (39). Again, we cannot differentiate between cause and consequence. Enhanced post-donation monitoring and attention to donors at greater psychosocial risk may improve long-term donor outcomes (40).



4.1 Strengths and limitations of the study

The strength of the present study is the sample size with a fairly high response rate 7 years after donation. The dataset also had few missing data. We analyzed the data by age and sex strata which gave new insights into subgroups. The use of the previously validated MFI-20 questionnaire in a representative sample of the German population, is a further strength of this study allowing the accurate assessment of self-reported fatigue (20).

Limitations are the lack of pre-donation data and the use of a population sample as control group. Regarding the cross-sectional design of this study, baseline data would be preferable to allow further statements about fatigue development over time in the donor sample. Therefore, it is not possible to draw causal conclusions about the association between donation and fatigue in this study. However, longitudinal studies are often expensive and associated with high drop-out rates.

If a healthy comparison group of potential donors would be used, the size of this comparison group might be limited, making it challenging to statistically detect smaller differences or associations. On the other hand, one advantage of using the general population sample as a broader comparison group is that it can provide thresholds that help identify clinically relevant fatigue in donors. Comparing LKD with a general population sample inevitably leads to unequal sample sizes. Subgroup comparisons are often faced with very small sample sizes, which was also the challenge in this study. However, the relatively large sample size of LKD in the present study enabled many age and sex groups to be compared.

Limitations of this study also include the disparity in the time points at which the data was collected. The fatigue date of the living kidney donors (LKD) in our study ranged from 2016 to 2017, while the data of the general population sample was collected in 2021. The time span between the data collection periods could potentially introduce confounding factors such as changes in medical practices, i. e. improvements in preoperative evaluations or postoperative care, which may have influenced the outcomes. Additional limitations concern the non-response rate of over 40% among the donors which introduces the potential for a selection bias (17, 18). As the data on living kidney donation is a single-center study, generalizations of these results should be interpreted carefully. A further limitation of this study is the underrepresentation of younger donors, particularly those in the two youngest age groups (under 24 and 25-34 years). The low representation of younger donors is also seen in the German sample of Sommerer et al. (9), with n = 2 for the age category 25-34 and n = 10 for the age category 35-44. This circumstance may result from the strict German transplant act on living organ donation as well as from some doctors’ reluctance e.g., to allow young women who still wish to have children to donate a kidney due to potentially elevated risks during pregnancy.





5 Conclusion

Based on the large donor sample, the current findings provide new information to the research gap in the age- and sex-related comparison of fatigue scores between LKD and the general population, indicating that donors mostly show lower fatigue scores 7.67 years post donation than the general German population. Our results suggest that middle-aged female donors may require more frequent monitoring and possibly further medical support postoperatively as they turn out to be the only donor subgroup in our study with significantly higher post-donation fatigue levels than the corresponding subgroup in the general population. Nevertheless, it needs to be acknowledged that there are individuals who showed high fatigue levels (2 SD above norm scores). There is a need for future research regarding the assessment of clinical relevance of fatigue by validated threshold scores (10). The examined sociodemographic variables, which are well established in explaining fatigue levels in the general population sample do almost not reveal any explanatory contribution in the donor sample. Donor specific factors may contribute to these higher fatigue scores such as the relationship with the recipient, perceived recipient health, or financial burden. Therefore, further studies should prospectively investigate for donor specific factors associated with fatigue after kidney donation to gain a deeper understanding of their impact. Additionally, the identification and evaluation of suitable control groups could be helpful to better understand the results of LKD samples.
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