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[bookmark: _Toc427747769]ABSTRACT
Background: Hemodialysis induces various symptoms in many patients.  However, the type of dialysis symptoms induced and how they contribute to recovery time remains unclear. This study aims to understand patient experiences reporting dialysis recovery time and associated symptoms using three separate novel instruments developed for this study.
Methods: We conducted a 13-week prospective cohort study in prevalent in-center hemodialysis patients and measured their recovery time using three instruments. Instrument A inquired how long it took to recover from the last dialysis treatment. Instrument B inquired recovery time from last treatment for each of 10 specified symptoms and Instrument C included symptom severity to Instrument B. Each instrument was used for each dialysis treatment for one week. We compared patient response and distribution of recovery time found with each instrument using mixed-effects logistic regression models. 
Results: 118 participants were recruited from two centres of which 914 (86%) of 1062 expected responses were completed. Recovery time using instrument A resulted in more participants identifying some recovery time from dialysis (83 to 86%) as compared with Instrument B (66 to 80%, p = 0.001) and Instrument C (69 to 73%, p <0.001). The third visit of the week was associated with fewer patients reporting recovery time (p = 0.036). However, Instrument B (p = 0.016) and Instrument C (p < 0.001) showed a longer recovery time compared to the distribution of recovery time of Instrument A. Lack of energy was the most common symptom following dialysis (69 to 77% of all patients). Recovery time with Instrument A was a significant predictor of kidney-specific component scores and mental component score as measured by the Kidney Disease Quality of Life-36 instrument. 
Conclusion: Recovery time is complex, and includes different symptoms that vary in duration. Attempts to reduce recovery time may impact specific symptoms differentially.
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[bookmark: _Toc427747774]Incidence and prevalence of end-stage renal disease (ESRD) and dialysis
Patients with end-stage renal disease (ESRD) have failing kidneys that can no longer perform their regular physiological roles in regulating fluid and electrolyte balance and maintaining proper hormonal or systemic functions. The gradual decline in kidney function will result in signs and symptoms characterized by uremia and volume overload, which include anorexia, nausea, vomiting, pericarditis, and other medical abnormalities. The most common treatment for ESRD is called dialysis.
Globally, an estimated 2.2 million patients require dialysis1. In Canada, a total of 41,252 patients are currently diagnosed with ESRD, of whom 23,814 are receiving facility-based dialysis, the most expensive form of renal replacement therapy2. In 2012, the prevalence rate for patients with ESRD and for patients requiring dialysis has risen by 234% and 241% since 1993, respectively2. In the same year, there were 5,431 incident cases of ESRD, which has grown by 154% since 19932. In the United States, as of 2012, the number of prevalent ESRD cases is 636,905, with 449,342 of these patients receiving dialysis3. The incidence of ERSD is 114,813, with 98,954 of these patients receiving dialysis3. According to data from United States Renal Data Systems, the number of prevalent and incident ESRD patients is projected to increase to 774,386 (up 18%) and 142,858 (up 24%), respectively, by 20204. Subsequently, the dialysis population is projected to rise to 533,800 (up 19%) by 20205.
[bookmark: _Toc427747775]Medical and economic burden of dialysis
Although dialysis replaces kidney function, poor outcomes are common in patients receiving dialysis. The 1-year and 3-year mortality rates in Canada are estimated to be 15.9% and 33.8% respectively2. Despite the prognosis of dialysis patients, there are very few trials in nephrology to guide management6. This problem is expected to grow based on a growing population approaching seniority, which represents the age range of 65 and greater where ESRD rates increase7.
The cost for dialysis is resource intensive. While it is a lifesaving treatment, approximately 2-3% of a developed country’s health care budget is allocated to patients with ESRD, which represents only 0.07% of the population8. Overall annual cost of care for in-center hemodialysis was US $51,252 per patient8. Despite the steep costs, the number of patients who continue to receive in-centre hemodialysis remain very high at 78.5% of all ESRD patients in 20122. One important outcome related to cost is the patients’ length of stay during hospitalizations. According to a review conducted by Manns et al., it is estimated that there were 32,000 hospital admissions for dialysis patients in 2002 in Canada9.
[bookmark: _Toc427747776]HRQoL measurement tools and associated strengths and limitations
Health-related quality of life (HRQoL) is a patient-important outcome. The World Health Organization defines health as a “state of complete physical, mental, and social well-being and not merely the absence of disease or infirmity”10. This definition has evolved to a patient’s overall quality of life that is affected by their health, either physical or mental, in day-to-day life. Improving patients’ HRQoL has become a central goal in managing multiple chronic conditions11.
A patient’s blood work result provides useful information to clinicians about a patient’s physiological state. However, laboratory tests may not correlate with a patient’s feeling of well-being or their functional capacity. This problem is often observed when two patients with similar health states may report different quality of life scores. The most commonly accepted method to assess for patient HRQoL is to directly ask patients, either in the form of a self-administered questionnaire, research investigator-assisted questionnaire, or assessment by investigators and/or physicians. HRQoL instruments measure underlying domains that are captured by items (or questions). Domains vary but generally represent patient physical (e.g. mobility, self-care) or mental (e.g. anxiety, depression, well-being) health states.
[bookmark: _Toc427747777]Health-related quality of life in hemodialysis patients
In hemodialysis patients, low quality of life is associated with higher mortality and poorer health outcomes12, and this measure has been recognized in nephrology as a patient-centred, clinically meaningful outcome13. The poor HRQoL among patients who are undergoing dialysis has been reported as comparable to patients with metastatic cancer14. The reasons for the low HRQoL among patients is likely multifactorial, affected by their high burden of comorbidities, numerous medications, medication-related side effects, lifestyle alteration, psychosocial impact, and the intrusiveness of the dialysis therapy15-17.
A seminal study comparing the functional health status of 1,000 patients treated with chronic hemodialysis versus the general population using patient-reported short form 36 (SF-36) scores found that hemodialysis patients reported a similar mental component score (MCS) as the general population, but a significantly lower physical component score (PCS)18. Furthermore, poor scores in PCS and MCS are associated with mortality and with a higher risk of hospitalization18. This suggests that dialysis treatment, while life sustaining, causes symptoms that seriously impair HRQoL. These findings have been replicated in more recent literature in the North American and the global dialysis population19,20.
[bookmark: _Toc427747778]Instruments measuring HRQoL and general measurement issues 
Instruments that measure HRQoL are commonly divided into three categories: generic, disease-specific, and utility-based. In one report conducted in 2010, more than 30 different instruments have been used in the literature to measure patient-reported outcomes in patients with chronic kidney disease21. However, there are limitations with questionnaire-based instruments.
One of the most common problems in measuring HRQoL is that the items in a questionnaire may not be addressing the underlying construct of what care providers or researchers aim to measure. Generic instruments include general questions about a patient’s health state such as their physical ability and day-to-day activities, as well as their overall mental well-being. However, such instruments are incapable of measuring specific components of patients with specific diseases. An example is that dialysis patients may have issues with their dialysis access site but a generic instrument would not be able to address this. Therefore, some instruments may not have sufficient elements to be useful for answering a research question. Furthermore, such instruments need to demonstrate core instrument properties such as responsiveness, sensitivity to change, and construct validity.
Another common issue with many instruments is the length and potential redundancy of items in questionnaires. The ideal instrument is concise but able to cover all relevant issues pertaining to the patient condition under study, while demonstrating strong instrument characteristics as stated earlier22. However, a compromise must be made between the length and the breadth of the instrument. Long instruments are prone to the issue of responder fatigue, and this increases the risk of missing responses and thoughtful consideration from the participant with respect to the instrument items23. Particularly, it is important to raise the issue that severely ill patients, older individuals, and some demographic groups may be more prone to response burden24. There are arguments in the literature over this idea. One study conducted on terminally ill patients with 2 months or less of life expectancy found that only 25% of patients reported a burden associated with questionnaires25. Patients may also only feel response burden if being asked to complete multiple questionnaires, especially when these questionnaires are similar in concept26,27 
The method of instrument administration is key28. Interview-based measurement methods ensure completion, which minimizes missing items, and clarifies confusion29. However, this method is resource intensive, requiring interviewer training and may introduce interviewer bias29. For example, interviewers may probe certain participants more than others based on particular features of the participants30. Furthermore, selection bias is present in patients who resort to interview-based methods and tend to possess characteristics of older age, black race, longer duration of ESRD, higher prevalence of diabetes, and increased comorbidity severity31.  When instruments are self-administered, there will typically be a low responder rate, coupled with missing items, and misunderstanding of questionnaire items30. Alternative methods include conducting interviews over the phone, or having surrogate responders as a compromise between interviewer-administered and self-administrated methods. Despite these alternatives, one study showed that dialysis patients who are able to complete self-administered instruments would not represent the health of the overall hemodialysis population31. In summary, comparing results from different studies that are measuring HRQoL as an outcome but use different methods of instrument administration are likely to be invalid31.
Lastly, an instrument that is validated in one language may not translate well into other languages, as it may not accurately reflect patient responses due to cultural differences29,32. Back-translation of the instrument, interpretation of the instrument by pretesting, and re-establishing instrument validity are all required if the instrument is to be replicated in a new language29,33,34.
[bookmark: _Toc427747779]Generic Measurement Instruments
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One of the more widely accepted global assessment instruments to measure quality of life among patients with ESRD is the Medical Outcomes Study 36-Item Short Form Survey (SF-36).  This instrument developed in 1993 by McHorney et al. evaluated general health status on three areas (physical, social, and emotional functioning) and can be completed independently or by a trained interviewer35. From the 36 questions, two summary measures can be calculated: physical health and mental health. The physical health component includes questions regarding patient physical functioning, role-physical, bodily pain, and general health. The mental health component asks about patient vitality, social functioning, role-emotional, and mental health. Overall quality of life questions are also included.
In studies involving dialysis patients, the SF-36 tool has demonstrated a high response rate36, high internal consistency36,37, and construct validity38. Discriminant validity has been shown – hemodialysis patients have lower quality of life scores compared to kidney transplant recipients39,40, and the general population18. It is also able to discriminate quality of life between severity of kidney disease41, presence of disability and co-morbidities, and increasing age42.
Despite the positive application of the SF-36 in dialysis population, there are some limitations. Although most of the questions in SF-36 are reasonable on their own, they may not necessarily apply to dialysis patients. For example, physical functioning questions in SF-36 ask patients how their health now limits their ability in ‘vigorous activities, such as running, lifting heavy objects, participating in strenuous sports’. However, such questions are unlikely to apply to dialysis patients, who may be old, frail, have cognitive deficiencies, and limited mobility due to diabetic complications. It has also been suggested that the SF-36 may not be able to account for dietary restrictions, sexual functioning, specific treatment side effects and disease-related symptoms in patients on dialysis (e.g. nausea and vomiting)43. It is also unclear how patients would interpret the issue of time i.e. how representative is the current health state of the patient taking the questionnaire, compared to their overall health state. SF-36 tools are only available with recall periods of 1 and 4 weeks. However, dialysis patients are more likely to have day-to-day physical and mental health changes due to the frequency of dialysis treatments each week. In cases where the goal is to measure change in quality of life between treatments, the SF-36 would not be a suitable instrument. Altogether, the SF-36 instrument may not be responsive enough to detect important changes of quality of life in dialysis patients.
The measurement tool’s ability to be responsive to change is limited by the instrument’s response options. Particularly with the SF-36, most items include a Likert scale with a maximum of five categorical options that ranges between two ends of a spectrum, for example how much bodily pain a patient experienced in the past four weeks ranging from none to very severe. Such items in an instrument may encounter the floor or ceiling effect, where most participant responses to these items at one end of spectrum. This type of phenomenon is well established and has been documented in previous studies37.
[bookmark: _Toc427747781]Other generic instruments
Other generic measures of patient health status have also been used.  One of the first attempts to measure HRQoL was in 1964, where investigators used the Karnofsky index44, which is a single-item evaluation of physical functioning made by the physician. However, this instrument is not patient self-reported which introduces physician personal bias, and it is not sufficiently comprehensive to capture other health domains such as mental health. The Sickness Impact Profile (SIP) is a comprehensive tool that measures 14 health domains, but it is time intensive for the patient and is thus difficult for repeated administration to track patient changes over time45. 
The Nottingham Health Profile (NHP), a 45-item questionnaire, measured patient-reported health status with regards to emotional, social, and physical health problems46. Each item response was a binary ‘Yes’ or ‘No’ answer with regards to the stated problem, reducing the instrument’s ability to detect sensitive changes, as well as the extent and pattern of any changes. Furthermore, it has previously been suggested that the NHP instrument may not be able to detect lower levels of morbidity47. Lastly, there are also shorter versions of the SF-36, namely the SF-2048 and SF-1249, which have been developed to relieve responder fatigue. There is evidence, albeit limited, that these tools are valid for use in dialysis patients though the limitations of the reduced versions are similar to those of SF-3650.
Although the generic instruments are great at comprehensively covering different HRQoL domains, a common problem with the aforementioned generic instruments are that they may not be specific enough to detect changes in the dialysis population, because of the large variety of issues that dialysis patients face. As well, generic measures are unlikely to capture the more specific nature of improvements from a given intervention.
[bookmark: _Toc427747782]Disease-specific Instruments for Patients with ESRD
The use of disease specific instruments is more useful in determining how a specific disease typically affects daily life. However, it is also important to include general measures of quality of life. Thus, disease specific instruments usually contain both generic and disease specific elements.
[bookmark: _Toc427747783]Kidney Disease Quality of Life (KDQoL)
The Kidney Disease Quality of Life (KDQoL) questionnaire was designed as a self-administered questionnaire for ESRD patients undergoing dialysis37. It combines the generic SF-36 instrument with disease specific components for assessing the HRQoL of CKD patients37. Disease specific elements in the KDQoL tools include sections on burden of kidney disease, symptoms of kidney disease, and effects of kidney disease. 
Burden of kidney disease asks patients four questions on their perception of their own time management and frustration of the disease as well as their opinion on the burden on their family. Symptoms of kidney disease asks patients on the severity of 12 symptoms including soreness in muscles, chest pain, cramps, itchy skin, dry skin, shortness of breath, faintness or dizziness, lack of appetite, washed out or drained, numbness in hands or feet, nausea, problems with access/catheter site. Effects of kidney disease asks patients on bothered they are by the effects of kidney disease on their daily life which include fluid and dietary restriction, ability to work around the house or travel, dependence on medical staff, stress or concerns from disease, sexual life, and personal appearance.
The original questionnaire is lengthy, comprised of 134 items and taking approximately 30 minutes to complete15. A shorter version called the KDQoL-SF (for short form) was developed, which includes only 43 items51. The instrument developers were able to demonstrate strong internal consistency reliability estimates and correlations between the KDQoL and the KDQoL-SF51. 
A recent version called the KDQoL-36 was an even briefer version, which includes the SF-12 as the generic core plus the disease specific metrics from the KDQoL-SF, to improve responder fatigue while retaining both generic and disease-specific measures52. 
The KDQoL was initially administered to 165 individuals with kidney disease in the United States, and it showed good internal consistency and discriminative validity37. The scale also demonstrated a strong correlation between KDQoL scores and intake of medications or hospital days29. This tool is valid and reliable in the English language. The instruments have also been translated into other languages or applied in other cultures and have demonstrated similar levels of validity and reliability53,54.
However, there are some measurement issues of the KDQoL that need to be raised. First, since this instrument contains elements of the SF-36 or SF-12, these questions may not be applicable to patients, as discussed in the previous section. In fact, one study showed that the questions revolving around ‘work status’ and ‘quality of social interactions’ reached floor effects since it was unlikely to apply to the predominantly older adults in the dialysis population55. Second, in terms of disease specific elements, patients were likely to have missing items in the KDQoL, particularly with questions about their sex life55. Lastly, it does not account for factors, such as spirituality, which, depending on the patients’ culture, could be very important to their well-being56-58.
[bookmark: _Toc427747784]Dialysis Symptom Index
The Dialysis Symptom Index (DSI) was created as a modification of the Memorial Symptom Assessment Scale – Short Form (MSAS-SF) that was intended for cancer patients59. This instrument consists of a list of thirty symptoms that patients respond with presence or absence of symptom, and severity of symptom. Since many symptoms are underreported in dialysis patients, the DSI was created to highlight unrecognized patient symptoms and how they affect patient physical and emotional burden. The instrument also allows for improved exchange of medical information between patient and provider and demonstrates strong test-retest reliability. There are limitations of this tool that were acknowledged by its developers. It is possible that there are symptoms that may be extraneous or not included, based on how willingly patients in the focus group participated. As well, the recall period of one week in the instrument may not be adequate depending on the interests of physicians or investigators.
[bookmark: _Toc427747785]CHOICE Health Experience Questionnaire (CHEQ)
The CHOICE Health Experience Questionnaire (CHEQ) was designed to measure the effectiveness of alternative dialysis prescriptions43. The final version of the instrument included 21 domains and 83 items, which included 8 generic domains found in SF-36, eight additional generic domains (cognitive functioning, sexual functioning, sleep, work, recreation, travel, finances, and general QoL), and five ESRD-specific domains (diet, freedom, body image, dialysis access, and symptoms). Patients were asked about 13 symptoms to what extent they were bothered in the past four weeks, including during dialysis sessions. These symptoms included faintness or dizziness, thirst, cough or dyspnea, chest pain, stomach cramps, loss of appetite, fullness or bloatness, nausea or vomiting, muscle cramps, restless legs, numbness in hands or feet, dry or itchy skin, and change in skin colour. 
The original study demonstrated convergent and discriminative construct validity in a sample of 928 patients43. However, the time to complete the instrument is long, estimated at 25 minutes60. As well, since the CHEQ was designed to assess differences in HRQoL between hemodialysis and peritoneal dialysis, interpretation of some items may be different depending on the patient’s dialysis modality. For example, “being tied down to your home” has greater meaning for PD patients than for in-centre hemodialysis patients58. As well, the item “pain or discomfort due to your dialysis access” usually refers to hemodialysis patients58. It has also been suggested that the CHEQ may not be sufficiently responsive to change, because it may encounter substantial floor and ceiling effects58.
[bookmark: _Toc427747786]Kidney Disease Questionnaire (KDQ)
The Kidney Disease Questionnaire (KDQ) was a 26-item questionnaire developed by Laupacis et al. to assess quality of life, using five domains of physical symptoms, fatigue, depression, relationships with others, and frustration61. In a randomized controlled trial, it was used to detect for improvements in patients who received erythropoietin therapy in hemodialysis patients; furthermore, instrument validity, responsiveness, and reliability was established62.
[bookmark: _Toc427747787]Utility-based Instruments for Patients with ESRD
Unlike generic and disease-specific instruments, utility-based provide information on how therapies may affect a cost-benefit decision. In other words, if a more efficacious therapy would confer poorer QoL outcomes, utility-based instrument would help patients and care providers come to a decision. For example, a treatment may be exceptional at improving a patient’s condition but also associated with significant adverse effects or higher costs. Usually, the utility rating is a score provided by patients with consideration of a set of health states and their preference or valuation of those heath states. Direct methods of measuring these utilities include the visual analog scale (VAS), time trade-off (TTO), or willingness to pay (WTP). It is then possible to use the utility score to evaluate overall benefits of various treatments or management policies. Popular outcome measures such as the quality-adjusted life years (QALYs) can be calculated, which considers a patient’s time spent in a particular health state.
[bookmark: _Toc427747788]European Quality of Life instrument (EuroQoL or EQ-5sD)
The EuroQoL, commonly known as the EQ-5D, is a simple and quick generic instrument, which contains two sections63. The first section evaluates five health domains, including mobility, self-care, usual activities, pain/discomfort, and anxiety/depression63. This is followed by a visual analog scale that asks the patient to mark their health state, scored 0 to 100, ranging from worst to best imaginable health state, respectively63. 
In the hemodialysis population, the EQ-5D has been commonly used as a measure of overall HRQoL14. Studies have found that patients who received dialysis had lower utility scores compared to patients who received kidney transplants64 and to the normal population65. One RCT investigated the quality of life improvements among patients who were randomized to either nocturnal hemodialysis or conventional hemodialysis for six months66,67. The EQ-5D tool did not detect any statistically significant improvement in ‘overall’ quality of life between the two groups, whereas a significant improvement was found when measuring kidney-specific domains, such as the ‘effects of kidney disease’ and ‘burden of kidney disease’66,67. This illustrates the limitations of the EQ-5D and its inability to detect specific changes in the dialysis population. Interestingly, another study used the SF-36 tool to measure quality of changes in the nocturnal hemodialysis population, and detected a significant change over 24 months68.
[bookmark: _Toc427747789]Measurements in clinical trials
Given the diversity of quality of life instruments, selecting the appropriate instrument to meet the objective of a study is of great importance. In addition to the discussion between the differences of generic versus specific instruments, there should also be considerations about the expected difference between two treatment groups. For example, investigators should anticipate small effect sizes and concurrently large sample sizes. Thus, most instruments used in clinical trials should be responsive to minimally clinical important differences (MCID)69. As well, attention should be given about how the side effects of treatments can affect the quality of life response22. Clinical studies should not restrict themselves to using a single instrument29. Investigators may determine that the instruments must measure both specific and generic domains for important clinical interpretation. Investigators may also consider adding supplementary questions to a questionnaire, but may be criticized since the questionnaire would then not be empirically supported as valid and reliable. 
Depending on the instrument researchers choose, they may or may not have a summary scale score, which could affect the analysis of studies. Although most instruments have a summary score, clinical interpretation is warranted in all cases, such that the score adequately reflects the medical nature of a patient.
[bookmark: _Toc427747790]Interventions to improve HRQoL	
In the past, studies have attempted to address poor HRQoL by applying interventions that alleviate the symptoms of patient comorbidities or complications of ESRD. For some treatment strategies, there is evidence that they are effective which will be explored in the following sections.
[bookmark: _Toc427747791]Exercise for depression and sleep disorder
It is estimated that 45% of all dialysis patients have depression70,71. Patients with depression score poorer in quality of life indexes when measured using the SF-36 and KDQoL instruments71. In a randomized trial of 35 hemodialysis patients, intradialytic exercise training improved the Physical Component Score of the SF-36, and while self-reported depression also improved, the Mental Component Score was unchanged72.  One other trial promoting exercise training programs in hemodialysis patients had also found improvements in quality of life using EQ-5D and SF-36 scales73. Furthermore, patients who regularly exercised showed improved sleep quality scores, had fewer depressive symptoms, and were less bothered by bodily pain or lack of appetite74. Of concern, it was noted that patients on dialysis failed to achieve recommended exercise frequency73 and patients who are of advanced age, particularly in the dialysis population, may not be suitable for exercise training75. One observational study reported no change in KDQoL scores after implementing an intradialytic exercise program for 20 weeks76.
[bookmark: _Toc427747792]Anemia
Patients with kidney failure are prone to chronic anemia, since production of erythropoietin is compromised71. One common symptom experienced by patients due to anemia is fatigue. Foley et al. randomized 596 healthy hemodialysis patients to different haemoglobin targets using epoietin alfa, which stimulates erythropoiesis by mimicking the human erythropoietin77. Out of 20 domains in the KDQoL instrument, improvement of patient haemoglobin levels only benefited patient fatigue77. Beusterein et al. showed that introducing erythropoietin to dialysis patients improved functional status and personal well-being as measured by SF-36 but still reflected poor scores78. Introduction of other dialysis modalities also did not improve anemia management67.
[bookmark: _Toc427747793] Adequacy of dialysis
Adequacy of dialysis has also been posed as a risk factor for poor HRQoL, and has been explored by several interventions. A trial of 18 patients found that there was no difference in quality of life scores in patients who were randomized to prolonged dialysis sessions, increased dialysate flow, or number of dialyzers79. Explanations for these discouraging results include side-effects that off-set benefits, small sample sizes, insufficient follow-up time, and inability of measuring tools to detect significant changes in the dialysis population79.
[bookmark: _Toc427747794]Alternate methods of renal replacement delivery
Whereas specific pharmacological and non-pharmacological interventions have failed to provide concrete proof in improved HRQoL, other renal replacement therapy options have shown progress. Kidney transplantation is the gold standard treatment for patients with ESRD80. However, not all patients are suitable for transplant, and the availability of donor organs, particularly in North America, is very poor81. Furthermore, patients who are exposed to many health-sensitizing events, such as transfusions, pregnancy, or previous renal transplants, may have difficulty finding immunologically suitable donors82. Alternate dialysis modalities are also another potential route. Patients who receive conventional hemodialysis undergo a time-consuming and intrusive therapy that drastically affects patient metabolic homeostasis83. Although some studies have suggested that home hemodialysis improve HRQoL84,85, they can be difficult to implement due to patient training as well as the need for a home care provider. Furthermore, randomized trials have shown that some home hemodialysis options such as nocturnal hemodialysis have been shown to be ineffective in improving HRQoL66.
[bookmark: _Toc427747795]Dialysis recovery time
[bookmark: _Toc427747796]Dialysis recovery time and patient quality of life
Based on the discussion, dialysis reduces patient HRQoL, although it is unclear which specific mechanisms drive this relationship. One phenomenon recently introduced is the dialysis recovery period, which is defined as the time after each dialysis session in which a patient experiences a feeling of being unwell. The duration of this recovery period is termed the dialysis recovery time. In any week, patients are required to undergo at least three sessions of dialysis. Given the frequency of dialysis, long dialysis recovery time can significantly impair overall HRQoL, and has been shown to correlate well with overall HRQoL. In a study by Lindsay et al., they asked 22 conventional hemodialysis patients (dialysis 3 times per week) and 23 quotidian dialysis patients (dialysis 5 to 6 times per week) in a self-administered questionnaire: ‘How long does it take you to recover from a dialysis session?’86. Patients completed this questionnaire every three months for a total of 18 months. They found that the question demonstrated good characteristics of test-retest reliability, responsiveness, and low missing patient response. It was also able to discriminate between patients who remained on conventional dialysis and patients who received quotidian dialysis. Construct validity was shown when time to recovery was significantly correlated with SF-36 physical components summary (Pearson correlation coefficient r=-0.341, p<0.001) and the mental components summary subscale score (r=-0.155, p<0.001).
Dialysis recovery time is measured in other studies. In a prospective study conducted by Rayner et al., 6,040 randomly selected patients from 12 countries were entered into the Dialysis Outcomes and Practice Patterns Study (DOPPS) between 2009 and 201187. Patients completed a questionnaire which included the question of dialysis recovery time. They were asked to either at the beginning of enrolment or every year thereafter. Response options were, in hours, less than 2, 2-6, 7-12, and more than 12. The authors found that longer recovery times had an independent and clinically significant association with shorter time to first hospitalization and higher mortality. Interestingly, this finding was similar to what Mapes et al. reported in 2003 when they assessed dialysis patient quality of life using the KDQoL tool19. 
Rayner et al. also showed that recovery time correlated inversely with quality of life measures from the KDQoL instrument, particularly kidney disease burden (r=-0.26), effects of kidney disease (r=-0.31), as well as the mental (r=-0.33) and physical (r=-0.37) component summary scores87. Another study found that more frequent dialysis regimens (6 times per week) showed reduced dialysis recovery time88.
[bookmark: _Toc427747797]Why the existing dialysis recovery time question may be insufficient
Given the simplicity of the question (‘How long does it take you to recover from a dialysis session?’), it shows face validity and can be easily administered and understood in-person or via non face-to-face communication methods. Furthermore, the unit of time is an element that can be easily interpreted, quantified and compared across different groups. However, there are some limitations with such a question. For one, it is non-specific about the period to which the question refers. Thus, the patient who responds to the question may show different responses depending on individual interpretations. For example, it is unclear whether the question refers to the time needed to recover from last dialysis session, or from the recent week, month, or year. This is particularly important in dialysis patients because they may feel differently post-dialysis depending on the day. During longer periods without dialysis, patients may be unwell in terms of greater volume overload, weight gain, larger ultrafiltration volume removal, and greater risk of hypotensive episode89. Thus, it is more reasonable to rephrase the questions as “How long did it take you to recover from your last dialysis session?” but this question has not undergone an evaluation of its measurement properties.
The specific symptoms that drive recovery time are unclear. Some symptoms may change more or less rapidly in response to intradialytic events than others. If a patient experiences a hypotensive episode during dialysis, this patient may experience symptoms of pain and nausea but not fatigue and cramping. In such a scenario, the simple question proposed by Lindsay et al. may not be sensitive enough to determine how hypotension affects recovery time. There is also evidence that suggests that recovery time is strongly associated with greater symptom burden90. A more detailed instrument to assess how recovery time is affected by specific symptoms as well as the severity of the symptoms may be more appropriate. The disadvantage of such a strategy is that this may result in more missing data, which will increase the difficulty of administration and analysis.
[bookmark: _Toc427747798]Why this study is needed now
HRQoL is an important but understudied area of medicine and this discussion has provided an insight why this is an important patient-reported outcome. In fact, dialysis patients, caretakers, and their physicians agree that identifying methods to improve patient HRQoL is of direct relevance91. Existing interventions to address symptoms related to HRQoL have been inconclusive and ineffective. With the introduction of the phenomenon of dialysis recovery time, there exists a platform to explore HRQoL in ESRD patients. There is evidence that this parameter correlates well with HRQoL, and that the process of dialysis drives prolonged recovery time. It would also be interesting to understand which dialysis symptoms are associated with prolonged recovery time. Prevalent symptoms induced by dialysis-related hypotension include fatigue, nausea, headache, and muscle cramps90,92. Determining the relationship between the process of dialysis and HRQoL has strong potential to improve HRQoL by devising strategies to reduce dialysis recovery time since dialysis prescriptions is easily modifiable. Prior to such an investigation, it is necessary to understand how to measure dialysis recovery time objectively. The fallibility of current instruments suggests that they may be too generic and insensitive to capture measures related to dialysis. Disease-specific instruments such as KDQoL are not specific enough to appropriately study dialysis recovery time. Furthermore, this study can assess the different characteristics that pertain to an instrument that may be important to include to establish the optimal method to assess dialysis recovery time in the future. Ultimately, this research will improve our knowledge on the concept of dialysis recovery time as a valid and reliable outcome. This may have implications in the setting of clinical trials if recovery time can respond to clinical minimally important differences.

[bookmark: _Toc427747799]Methods
[bookmark: _Toc427747800]Objectives
The objective of the study is to understand patient experiences with dialysis recovery time and associated symptoms using three separate novel instruments developed for this study. 
[bookmark: _Toc427747801]Study population
Prevalent hemodialysis patients at St. Joseph’s Healthcare Centre in Hamilton and in Calgary were screened into the study. Patients were eligible if they met the following inclusion criteria: (a) ≥ 18 years of age, (b) receipt of hemodialysis for >90 days, (c) able to answer the recovery after dialysis question (assistance can be provided by interpreter or family member), (d) not scheduled to change dialysis modality for the 6 weeks following the beginning of study, and (e) able and willing to provide informed consent. Patients were excluded if they previously participated in the study or if they were unable to complete the patient-reported outcome questionnaire by self or with assistance.
[bookmark: _Toc427747802]Study schedule
Figure 1 depicts a graphical copy of the study schedule and Figure 2 is a study flowchart. Patients recruited into the study were immediately randomized to an order of the three recovery instruments that they completed over the next 13 weeks. Within 14 days of randomization, patients entered an Index week where they were observed for three dialysis sessions. At each dialysis session, blood samples were taken pre- and post-dialysis and research staff recorded patient dialysis characteristics. At the end of the dialysis session, patients completed one of the randomized instruments A, B, or C three times, at the beginning of each following dialysis session during the Index Week. Patients were also asked to complete the KDQoL-36 and the DSI once at the end of the Index Week.
After completion of Index Week 1, patients entered Index Week 2 within 10 weeks of enrolment and at least 14 days from start of Week 1. Similarly, patients entered Week 3 within 12 weeks of enrolment and at least 14 days from start of Week 2. All processes were repeated for Week 2 and 3 as indicated in Week 1 with the exception of the randomized instrument.
[bookmark: _Toc427747803]Measurements
[bookmark: _Toc427747804]Dialysis recovery instruments
Three instruments were developed to measure dialysis recovery symptoms (A, B, and C) as shown in Appendix A, B, and C, respectively. Each instrument was structured based on findings from discussion with peers, literature and a pilot study. 
Ten symptoms were selected into instruments B and C: (a) nausea/vomiting, (b) diarrhea, (c) nervousness, (d) lack of energy, (e) muscle cramps, (f) shortness of breath, (g) muscle soreness, (h) bone or joint pain, (i) chest pain, and (j) headache.  These symptoms were derived from the Dialysis Symptom Index and were reviewed extensively via a number of methods. First, these symptoms were discussed among four research methodologists and nephrologists (MW, SB, JC, BM). Second, there is evidence that suggests these symptoms were related to intradialytic hypotension/ischemia and appear to correlate with dialysis recovery time as assessed by Lindsay and colleagues86. Third, data from our previous study was analyzed using factor analysis to determine significant symptoms. No contributions from patients were provided in selecting the symptoms.
Instrument A
Instrument A is the simplest assessment instrument, which measured the time required to recover from a patient’s last dialysis session. This is a modification of the assessment proposed by Lindsay and colleagues (i.e. How long does it take you to recover from a dialysis session?) by restricting the time frame to the most recent session of dialysis. Patients could select the unit of time in minutes, hours, and days. The instrument recorded the time lag between the assessment of recovery time and the associated dialysis session and the hemodynamic and dialysis prescription data of the relevant dialysis session. 
Instrument B
Instrument B introduces ten individual symptoms. Specifically, the instrument asks the patient on their experience of the listed symptoms and, if present, the duration of the recovery time from the specific symptom. This instrument is a compromise in complexity between Instrument A and Instrument C.
Instrument C
Instrument C is the most complex instrument. It asks whether a series of ten symptoms were experienced after dialysis, their maximal intensity after dialysis, and how long they lasted (or if they are still present). Symptom severity was measured using a Likert scale with 5 options: not severe, a little bit severe, somewhat severe, quite a bit severe, very severe. Patients selected one of the options if they experienced at least some recovery time with respect to the symptom.
[bookmark: _Toc427747805]Established patient-reported instruments
KDQoL-36
Patients completed the KDQoL-36 at the first dialysis session following an Index Week (Appendix D). This provided a measure of quality of life from a validated tool that contains both generic and disease-specific domains of HRQoL. Outcomes from KDQoL were correlated with dialysis recovery time to measure coherence of results as well as increasing face validity of study outcomes.
[bookmark: _Toc427747806]Patient characteristics
At the baseline visit, patient characteristics were collected that may affect HRQoL and dialysis recovery time. This included the following demographic elements: age, sex, ethnicity, and primary language, cause of end-stage renal disease (diabetes mellitus, hypertension, glomerulonephritis, polycystic kidney disease, or other). 
Patient medical characteristics were collected that included dialysis vintage, comorbidities (history of myocardial infarction, stable or unstable angina, multivessel coronary disease, positive stress test, coronary artery bypass graft surgery, percutaneous transluminal coronary angioplasty or atherectomy or percutaneous coronary intervention, stage of heart failure, ejection fraction, stroke, carotid endarterectomy or stenting, intermittent claudication, diabetes, foot infection or foot ulcer requiring antibiotic, limb or foot amputation, peripheral artery surgery or angioplasty, obstructive sleep apnea, chronic obstructive pulmonary disease, cirrhotic liver disease, frequent hypotension), residual urine output, and current medications (alpha blocker, alpha 2 agonist, ACE inhibitor, ARB, beta-blocker, calcium channel blocker, diuretic, potassium-sparing diuretic, direct renin inhibitor, vasodilator, other blood pressure lowering medications, erythropoietin stimulating agents, acetylsalicylic acid, other anti-platelet, midodrine).
[bookmark: _Toc427747807]Dialysis characteristics
Dialysis characteristics that were collected about the dialysis sessions included duration of dialysis, frequency of dialysis, dialyzer surface area, dialyzer flux, method of dialyzer sterilization, ideal body weight, bath composition (sodium, potassium, calcium, glucose, and temperature), use of a sodium profile, use of an ultrafiltration profile, and dialysis access type.  The type of facility that the patient received dialysis was also recorded.
[bookmark: _Toc427747808]Study organization
[bookmark: _Toc427747809]Management
The Project Office located in Hamilton, Ontario was responsible for day-to-day study monitoring and management. All staff that was included into the study was debriefed on their duties to ensure consistency in study procedures, which included data collection and reporting. A study operations manual was prepared to outline each step of the protocol and a toll free phone number was available to address any questions or comments to the Project Office. 
[bookmark: _Toc427747810]Data management
All data that was collected using case report forms were entered and scanned into iDataFax, which is a study software responsible for storing study data. iDataFax is hosted under a password-protected shared network drive and access is only provided to relevant study members. Data quality checks were performed using iDataFax and also with a statistical software. Inaccuracies in the data were traced back to scanned documents to identify sources of error.
A crosswalk file was used to identify patient identifier and participant subject identification number within the respective dialysis care centre. This crosswalk file is stored in an encrypted research network drive and is password-protected. 
Multiple datasets were merged into a master dataset by using the participant identification number. All management and analysis of the datasets was conducted using Stata version 12.0 (College Station, Texas). The study received ethics approval from Research Ethics Board in Hamilton and Calgary.
[bookmark: _Toc427747811]Analysis
[bookmark: _Toc427747812]Missing Data
Missing data was analyzed to assess the differences in patient behaviour towards responding to instruments across visits of an Index Week. Response behaviour was categorized into four groups: patients who completed all responses of the week, two responses of the week, one response of the week, and no responses of the week. To further understand the attributes by which patients fail to respond to instruments, the frequency of missing responses was dissected by visit of the Index Week. 
Since patients provided multiple responses throughout the study, statistical analyses needed to consider that data from any one patient was not independent. Therefore, mixed-effects logistic regression models were used to identify parameters associated with missing responses. Successive models were built by adding parameters to verify associations with missing response. The patient variable was modeled as a random intercept while all other parameters were modeled as a fixed-effects function. Recovery time, instrument type, and study visit of the week were all selected for inclusion in the model. To assess the possibility of carryover effects due to the nature of the study, the order of instrument randomization was tested for statistical significance. There were six possible combinations of instrument randomizations (ABC, ACB, BCA, BAC, CBA, CAB). Since patients were expected to provide 9 responses with 3 from each instrument, the order of patient questionnaire response was also examined. For example, the 1st response was defined as the first instrument response the patient was expected to complete, and as follows for the 9 responses. In models that included the latter parameter, the study visit of the week was removed from the model due to collinearity. Effect modifiers were examined by including interaction terms in respective models.
[bookmark: _Toc427747813]Presence of post-dialysis recovery time
Presence of post-dialysis recovery time was analyzed to determine proportion of patients who responded to instruments and experienced recovery time. Descriptive statistics were tabulated by instrument and visit to explore the distribution of patient responses. Mixed-effects logistic regression models were computed to identify parameters associated with recovery time. In such models, the complete-case analysis was used in which all patients with missing responses were dropped prior to the analysis.
[bookmark: _Toc427747814]Distribution of recovery time
Histograms were plotted to examine distribution of recovery time across instruments and study visits. Maximum recovery time from any symptom was used to represent recovery time for Instruments B and C. Recovery time was summarized by the mean, standard deviation (SD), 25th percentile, 50th percentile, 75th percentile, interquartile range, minimum and maximum value. If recovery time was greater than 44 hours, the values were replaced with 44, which is the conventional time difference from one dialysis session to the next.
Intervals used for classifying recovery time were a loose adaptation from a publication by Rayner et al. in 2014 on dialysis recovery time. The corresponding intervals for recovery time were 0, 0-2, 2-6, and >6 hours. By instrument, recovery time was calculated as the median of the longest recovery time across all visits in an Index Week. Mixed-effects linear regression was used to model the association between instrument and recovery time, as a continuous and categorical variable. Instrument and patient variable were modeled as fixed-effects and random-effects, respectively. Distribution of recovery time and symptom severity with respect to the ten symptoms was illustrated for Instruments B and C.
[bookmark: _Toc427747815]Health-related quality of life
Relationship between recovery time and symptom severity with component scores from KDQoL-36 was measured. Five component scores were derived from responses to KDQoL-36; burden of kidney disease (BKD), effects of kidney disease (EKD), and symptoms of kidney disease (SKD) for disease-specific scores; PCS and MCS for generic scores. The randomized instrument that a patient responded to was paired with their KDQoL-36 response during the same Index Week. Multivariable linear regression models were constructed with each component score as the dependent variable and measurements from instruments as independent variables. Recovery time was calculated as the median of the longest recovery time for each symptom across visit during a given Index Week. Symptom severity was modeled the same way.


[bookmark: _Toc427747816]Results
[bookmark: _Toc427747817]Descriptive characteristics
120 patients, 80 were from St. Joseph’s Healthcare in Hamilton and 40 were from Calgary, met the eligibility criteria and were recruited into the study. One patient from each centre dropped out of the study prior to their first Index Week.
Table 1 summarizes the baseline characteristics of the study cohort. The mean age of the cohort was 67.3 years old, of which 77.5% of the cohort belonged to the Caucasian ethnic group. The major causes of end-stage renal disease were diabetes mellitus and glomerulonephritis at 44.2% and 22.5%, respectively. Median (interquartile range [IQR]) dialysis vintage was 4 (4.5) years with a majority of the patients producing less than one cup of urine per day. Approximately half of the cohort was either current or former tobacco users. Diabetes mellitus, peripheral vascular disease, and coronary artery disease were the most frequent comorbidities found in the cohort. The patients predominantly received three sessions a week with an average of 3.6 hours per session.
[bookmark: _Toc427747818]Performance of instrument with respect to missing responses
[bookmark: _Toc427747819]Differences in patient responses
We examined response behaviour by grouping patients who completed all, only two of three, only one of three, or none of the questionnaires of a single instrument across a given Index Week (Table 2). A significant difference between the number of completed questionnaires and the instrument type was detected using Fisher’s exact test (p = 0.036).
Among Instrument A responders, only 65% of all participants completed all three questionnaires, while 22% of all patients completed 2 of 3 questionnaires and 4% completed only 1 of 3 questionnaires. In comparison, a greater proportion (79%) of participants completed all three questionnaires for Instrument B. Eleven percent of all patients completed two of three questionnaires, while 4% responded to one of three questionnaires. For Instrument C, 83% of all patients completed all three questionnaires and subsequently, only 9% of patients completed two of three questionnaires and 2% completed one of three questionnaires. There were 9%, 6%, and 7% of all patients who did not respond to any questionnaires for Instruments A, B, and C, respectively. 
[bookmark: _Toc427747820]Differences in visits
In total, out of 1062 expected responses from the 118 patients in the study, there were 914 (86%) completed and 148 (14%) missed responses across all visits and all instruments. Instruments A, B, and C had a total of 19.0%, 12.3%, and 10.7% missing responses, respectively. Table 3 shows the number and proportion of patients who missed a study questionnaire by instrument and by visit. 
There were 15 (13%), 22 (19%), and 29 (25%) missing responses at Visits 1, 2, and 3, in Instrument A respectively. Fewer patients missed responses when completing Instruments B and C. For Instrument B, there were 14 (12%), 13 (11%), and 17 (14%) missing responses at Visits 1, 2, and 3, respectively. For Instrument C, there were 13 (11%), 11 (9%), and 14 (12%) missing responses at Visits 1, 2, and 3, respectively.
[bookmark: _Toc427747821]Mixed-effects logistic regression models for missing responses
We fitted five mixed-effects logistic regression models to examine the association between the outcome, missing responses, and the predictors: maximum recovery time, visit number, instrument type, order of instrument, and order of questionnaire response. Table 4 illustrates all covariates included in each model and their association with missing response. There were 1008 total responses included in the analysis. Across the models, there was consistent evidence to suggest that recovery time is not associated with a missing response. In Model 1, compared to patients who report zero recovery time, the odds ratio (OR) of a missing response for patients who responded with a maximum recovery time less than 2 hours, between 2-6 hours, and greater than 6 hours was 0.46 (95% confidence interval (CI) 0.16 to 1.32, p = 0.148), 0.56 (95% CI 0.17 to 1.77, p = 0.320), and 0.66 (95% CI 0.23 to 1.83, p = 0.421), respectively. However, instrument type and visit of the week were found to be associated with missing responses. The odds ratio (OR) of a missing response for patients who responded to Instrument B and Instrument C was 0.47 (95% confidence interval (CI) 0.28 to 0.81, p = 0.006) and 0.41 (95% CI 0.24 to 0.72, p = 0.002), respectively. The third visit in any given week was significantly associated with a missing response with an odds ratio of 2.16 (95% CI 1.23 to 3.77, p = 0.007).
Model 2 included all parameters from Model 1 with the inclusion of the order of instrument that patients were randomized to. No statistical significance was detected of any instrument completion order, suggesting that there was no carryover effect between the order of instrument randomization and missing responses. Other parameters (recovery time, instrument type, and study visit) in Model 2 had similar effect estimates as those in Model 1. Model 3 tested the hypothesis of effect modification between the instrument type and the study visit of a week but no association was seen.
Given that patients were expected to complete nine responses for each of the three instruments, we tested whether there was any association between the order of responses affected missing responses. Because of collinearity, the only additional parameters included in Model 4 were recovery time and instrument type. Based on the results of the model, the odds of a missing response in any visit after the 6th visit was 2-fold greater compared to the 1st visit. Although not statistically significant, the odds ratios of a missing response at the 6th and 7th were 2.01 (95% CI 0.69 to 5.85, p = 0.198) and 2.00 (95% CI 0.69 to 5.79, p = 0.202), respectively. However, the odds ratio of a missing response at the 8th and 9th response were statistically significant with odds ratios of 3.00 (95% CI: 1.07 to 8.37, p = 0.036) and 5.26 (95% CI: 1.95 to 14.22), p = 0.001, respectively. Other parameters from Model 4 were again similar to those reported in Model 1 and Model 2. In Model 5, the order of instrument was included in addition to parameters from Model 4. No significant deviation in results from other models was noted.
[bookmark: _Toc427747822]Performance of instrument with respect to recovery time
[bookmark: _Toc427747823]Differences in sensitivity of recovery time	
Table 5 illustrates the proportion of patients who completed a response with either no recovery time or at least some recovery time for each instrument. Missing responses were not included. Among all 914 responses received across instruments, 695 (76%) responses indicated patients experienced recovery time.
Patients most often reported recovery time with Instrument A, compared to Instrument B and Instrument C. Patients who respond to Instrument A reported recovery time in 86% of visits at Visit 1, 83% at Visit 2, and 85% at Visit 3. In comparison, 80% at Visit 1, 72% at Visit 2, and 66% at Visit 3 of the cohort reported recovery time with Instrument B. For Instrument C, 73% at Visit 1, 71% at Visit 2, and 69% at Visit 3 of the cohort reported recovery time.
Mixed-effects logistic regression suggested that patients at their second or third visit of the week were more likely to report no recovery time. Patients who responded at the second and third visit of the week had an odds ratio of 0.67 (95% CI: 0.41 to 1.11, p = 0.119) and 0.58 (95% CI: 0.35 to 0.96), p = 0.036), compared to the first visit of the same index week. Instruments B [OR 0.42 (95% CI: 0.24 to 0.72), p = 0.001] and C [OR 0.35 (95% CI: 0.20 to 0.60), p < 0.001] were also significantly associated with no recovery time, compared to Instrument A. However, Instruments B and C were not statistically different from each other (p = 0.447). The results from the model suggest that patients are less likely to report symptoms moving across a given Index Week and with Instruments B and C. Interaction terms between instrument and visit of the week were not significant.
[bookmark: _Toc427747824]Differences in distribution of recovery time
Distribution of recovery time from any symptom across all instruments and all visits is shown in Figure 1. Median (IQR) recovery time for Instrument A at visits 1, 2 and 3 are 3 (12), 2 (5.3), and 3 (4.5) hours respectively. For instrument B, median (IQR) recovery time at visits 1, 2, and 3 are 10 (23), 3 (24), and 2(24) hours, respectively. For instrument C, median (IQR) recovery time at visits 1, 2, and 3 are 8 (44), 5 (44), 4 (68), respectively.
The maximum recovery time from any symptoms were computed for each visit and instrument. The maximum recovery time was categorized into intervals of 0, >0-2, 2-6, and >6 hours and shown in Table 6. Compared to Instruments B and C, recovery time greater than zero to less than 2 hours for Instrument A was more frequently reported. The proportion of patients who reported recovery time within the >0-2 hours interval for Instrument A, B, and C were 28%, 10%, and 5%, respectively. This pattern was continually observed for patients who reported experiencing recovery time from any symptom between 2 to 6 hours. The proportion of patients who report experiencing recovery time duration from 2-6 hours for Instrument A, B, and C was 34%, 14%, and 15%, respectively. However, there were more patients who reported experiencing recovery time greater than 6 hours in Instruments B and C, compared to Instrument A. The proportion of patients who experienced symptoms greater than 6 hours for Instruments A, B, and C was 26%, 50%, and 55%.
[bookmark: _Toc427747825]Relationship between recovery time, instrument type, and study visit in a mixed-effects linear regression model
The relationship between recovery time and instrument type was modeled using a mixed-effects linear regression model. The study visit of the week was not found to be associated with recovery time. Patients who responded to Instruments B and C reported recovery times of 2.94 (95% CI 0.55 to 5.31, p = 0.016) and 7.20 (95% CI 4.82 to 9.58, p < 0.001) hours greater than Instrument A, respectively. A comparison between Instruments B and C showed that responders to Instrument C reported on average 4.27 (95% CI 1.88 to 6.65, p < 0.001) hours longer recovery time than Instrument B.
Recovery time was also calculated as the median of the longest lasting symptom of a given Index Week and then categorized according to intervals 0, 0-2, 2-6, and >6 using a mixed-effects linear regression model. The relationship between recovery time and instrument type was similar to the model with recovery time as a continuous variable. Compared to Instrument A, patients who responded to Instruments B and C showed a positive association with longer recovery time (p < 0.001).
[bookmark: _Toc427747826]Differences in distribution of symptom specific severity
Maximum symptom severity across all visits were measured in Instrument C and shown in Table 9. In concordance with symptom recovery time, lack of energy was most frequently reported as at least somewhat bothersome at 81%, followed by muscle cramps (45%), muscle soreness (39%), bone and joint pain (34%), headache (31%), and shortness of breath (30%). In addition, patients who experienced lack of energy also found that the symptom could be very bothersome. Patients reported that lack of energy bothered them very much 26% of the time, quite a bit 17% of the time, somewhat 15% of the time, and a little bit 22% of the time. Patients who experienced muscle cramps, shortness of breath, muscle soreness, bone and joint pain, and headache felt that these symptoms, if experienced, bothered them mostly between a little bit to somewhat.
[bookmark: _Toc427747827]Relationship between KDQoL-36 and recovery time
[bookmark: _Toc427747828]KDQoL-36 scores
The mean (standard deviation) score for BKD was 40.6 (29.2); for EKD: 68.5 (23.5); for SKD: 81.4 (15.8); for PCS: 42.4 (9.0); and for MCS: 47.8 (9.4).
[bookmark: _Toc427747829]Burden of Kidney Disease
Table 10 illustrates the association between individual instrument type and burden of kidney disease score as measured by the KDQoL-36. From Instrument A, every additional hour in recovery time reduces the BKD score by -0.81 (95% CI -1.34 to -0.28, p = 0.003). For Instrument B, there was no statistical significant association between any of the ten symptoms measured with the BKD score. Only nausea and vomiting symptom severity was a statistical significant predictor between Instrument C and BKD score.
[bookmark: _Toc427747830]Effects of Kidney Disease
Table 11 shows the association between individual instrument type and effects of kidney disease as measured by the KDQoL-36. Recovery time was negatively associated with the EKD score [β -0.54 (95% CI -0.97 to -0.12, p = 0.013)] as measured in Instrument A. Muscle cramps was the only symptom from Instrument B that was significant associated with EKD scores [β -2.05 (95% CI -3.54 to -0.56 p = 0.008)]. No predictors from Instrument C were statistically significantly associated with EKD scores. 
[bookmark: _Toc427747831]Symptoms of Kidney Disease
Table 12 illustrates that the recovery time from Instrument A showed a negative association with Symptoms of Kidney Disease but this was not statistically significant [β -0.27 (95% CI –0.56 to 0.01, p = 0.058)]. Although there were no symptoms from Instrument B that were statistically significant, a number of predictors from Instrument C were associated with SKD scores. Specifically, recovery time of muscle cramps [β -0.68 (95% CI -1.23 to -0.12, p =0.018)], shortness of breath [β -0.56 (95% CI -0.91 to -0.20, p =0.003)], bone and joint pain [β -0.39 (95% CI -0.78 to -0.01, p =0.047)] were all negatively correlated with SKD scores, while recovery time of nausea and vomiting [β 0.79 (95% CI 0.22 to 1.36, p =0.007)] and chest pain [β 3.23 (95% CI 0.96 to 5.50, p =0.006)] were positively correlated with SKD scores. In the same model, median severity of nausea and vomiting [β -14.19 (95% CI -20.57 to -7.82, p <0.001)], nervousness [β -13.56 (95% CI -23.22 to -3.89, p =0.007)], and chest pain [β -43.03 (95% CI -65.32 to -20.73, p < 0.001)] were all negatively associated with SKD scores. Median severity of bone and joint pain was positively associated with SKD scores.
[bookmark: _Toc427747832]Physical Component Score
Table 13 shows that recovery time as measured in Instrument A was not associated with the PCS [β -0.10 (95% CI -0.25 to -0.06, p = 0.218)]. Only shortness of breath from Instrument B was associated with PCS [β -0.330.23 (95% CI 0.01 to 0.44, p = 0.043)]. From Instrument C, recovery time of bone and joint pain [β -0.33 (95% CI -0.55 to -0.11, p = 0.004)] was found to be associated with the PCS. In the same model, median severity of nausea and vomiting [β -4.33 (95% CI -8.59 to -0.07, p = 0.046)] and chest pain [β -19.79 (95% CI -35.10 to -4.49, p = 0.012)] were negatively associated with PCS while shortness of breath [β 2.88 (95% CI 0.30 to 5.46, p = 0.029)] and bone and joint pain [β 4.94 (95% CI 1.36 to 8.52, p = 0.007)] were positively associated with PCS. 
[bookmark: _Toc427747833]Mental Component Score
Table 14 identified a number of significant associations between the instruments and the MCS. Every additional increase in recovery time recorded from Instrument A decreased the MCS by -0.22 (95% CI -0.39 to -0.04, p = 0.015). For Instrument B, recovery time of diarrhea [β -2.22 (95% CI -3.49 to -0.95, p = 0.001)] and lack of energy [β -0.27 (95% CI –0.45 to -0.09, p = 0.004)] were associated with a decrease in the MCS. Recovery time of nervousness, as measured in instrument B, was associated with an increase in MCS [β 2.22 (95% CI 0.91 to 3.53, p = 0.001)]. In the model involving Instrument C, recovery time of diarrhea [β 0.58 (95% CI 0.14 to 1.02, p = 0.010)] and headache [β 0.51 (95% CI 0.06 to 0.96, p = 0.028)] were both positively associated with MCS. In the same model, median severity of diarrhea [β -4.64 (95% CI -9.14 to -0.13, p = 0.044)] and headache [β -4.00 (95% CI -7.30 to -0.69, p = 0.018)] were negatively associated while nervousness [β 6.74 (95% CI 0.00 to 13.48, p = 0.050)] was positively associated with MCS. 


[bookmark: _Toc427747834]Discussion
[bookmark: _Toc427747835]Summary of findings
In 118 hemodialysis patients, the study assessed three different instruments to understand patient perceptions to instrument response, distribution of dialysis recovery time, symptoms experienced post-dialysis, and relationship between recovery time and quality of life. The findings showed that patients reported recovery time most often with Instrument A, as opposed to Instruments B and C. However, missing responses were most frequent with Instrument A, particularly at the third visit of an Index Week. Recovery time from Instrument A was most frequently reported two hours or less. In contrast, recovery time from Instruments B and C was often longer than six hours. Fatigue was most frequently experienced symptom after dialysis. In addition, the study found a significant association between recovery time from Instrument A and quality of life measured by the KDQoL-36 scale.
[bookmark: _Toc427747836]Impact of findings on literature
[bookmark: _Toc427747837]Instrument length and patient response rate
Our findings suggested that longer instruments were not associated with missing responses. This is encouraging if longer instruments are deemed the optimal method of measuring recovery time. Although empirical observation confirms the low response rate of lengthy instruments, studies have in fact shown that the length of an instrument may not be important, provided that the instrument is clear and administered with ease93. It has also been proposed that improving response rate is multidimensional involving several factors such as number of questions on a single page, page length, and the position of questions on pages94. Since our instruments were each a single page, this may explain why Instruments B and C did not have more missing responses.  However, we found that patients may not tolerate completing questionnaire more than seven times. This was indicated in our regression models where a missing response at the 8th and 9th visit was highly probable.
[bookmark: _Toc427747838]Comparison of patient response rate in measurement of recovery time
	The literature on dialysis recovery time is still at an infant stage with few published literature. Lindsay et al. posed the single global question of recovery time to 45 patients and reported a response rate of 99%, equivalent to one missed response out of 314 administered questionnaires86. Rayner et al. asked the same question once to 6,860 patients of which 6,513 (95%) patients replied87. These figures are in contrast to our numbers where we report only 81% of responses from Instrument A were complete, which is the most similar instrument to previous studies. There are logical explanations to the discrepancy. First, a selection bias may be present in the cohort of Lindsay et al. Patients who are introduced to a study about switching hemodialysis delivery from conventional to nocturnal or daily dialysis may be younger, less sick, and may anticipate improvements in quality of life prior to any intervention. This is an effect described by Culleton et al. as an artificial anticipatory effect67. 
Furthermore, patients in Lindsay et al. are indeed younger, with a mean age ranging from 44.2 to 48.8 across the three groups62, whereas the mean age of our population is older at 67.3 years old. Secondly, in Lindsay et al.’s study, patients were only asked to complete the questionnaire once every three months86, compared to our study where patients were asked to complete one same instrument three times per week for three Index Weeks. This element of responder fatigue may be present and lower response rates. This latter phenomenon may also be a major reason to the difference in response rate between our cohort and Rayner et al. In that study, patients completed the single item question only once during the entire study. It was also reported in the study that patients may be answering the question at the time of initial visit, thus improving response rates.
[bookmark: _Toc427747839]Presence of post-dialysis recovery time across instruments
Among those who responded to instruments, patients were at a 3 times greater odds of reporting a post-dialysis recovery time with Instrument A, compared to Instruments B and C. Since randomization of instruments took place, we do not expect substantial differences in recovery across instruments. Altogether, this may imply that a single item question may be detecting additional recovery time that symptom-specific instruments are not. Self-reporting single item instruments are simple, reliable, and valid, particularly in the assessment of personal health state22. Another strong example is the VAS which has demonstrated sensitivity to stages of disease progress and ability to predict mortality95. Shorter instruments are limited compared to longer counterparts but have ease of interpretation and reduced burden and costs95. It is also plausible that the difference in wording of the items between Instrument A versus Instruments B and C can explain this finding. Instrument A does not specifically mention recovery time with respect to symptoms, while Instruments B and C do. Therefore, any recovery time reported in Instrument A may not be symptom-dependent, but due to reasons beyond the scope of this study.
We also observed that patients more frequently report symptoms in the first visit of the week, compared to the second and third visits of the same week. Danquah et al. used an adapted version of the DSI to quantify the number of symptoms that hemodialysis patients experienced during each treatment96. Similarly, they found that patients reported more symptoms with greater symptom severity on the first dialysis session of the week compared to the second19. Typically, the first dialysis session of the week is associated with peak levels of metabolic waste due to the additional day between dialysis sessions. Therefore, it is not surprising to find a link between peak waste levels and more frequent symptomatic experience.
[bookmark: _Toc427747840]Distribution of recovery time across studies
We found consistency in patient-reported recovery time between our cohort’s response to Instrument A and those published in the literature. Within our cohort,  40%, 34%, and 26% of all patients reported recovery time less than 2 hours, 2-6 hours, and >6 hours, respectively. Rayner et al. reported 32%, 41% and 27% of their cohort reporting recovery time less than 2 hours, 2-6 hours, and >7 hours87. Caplin et al. found that the greatest proportion (34%) of patients reported dialysis recovery symptoms when they reached home, which is approximately in the minutes to 2 hours range90. Lindsay et al. reported mean recovery time between 375.0 to 459.8 minutes (or 6.25 to 7.66 hours) across all study visits in the conventional hemodialysis group86. Our mean recovery time from Instrument A ranged from 6.80 to 9.15 hours across all visits; however, this measure may be sensitive to changes based on our observed bimodal distribution of recovery time. This is evident as Lindsay et al. observed a similar phenomenon with large standard deviations of their mean recovery time. 
[bookmark: _Toc427747841]Distribution of recovery time across instruments
Since our instruments have not been tested outside of this study, there is no literature to corroborate with. However, we found a significant difference between recovery time measured in Instrument A vs. Instruments B and C. The mixed-effects linear regression model suggest that patients who respond to Instruments B and C may report between 8 to 16 hours longer recovery time compared to Instrument A. 
Two hypotheses are derived from these findings. First, asking a single item global question, as in Instrument A, is measuring short lasting symptoms that may be underestimating the maximum duration of symptoms. Patients who are responding to recovery time about specific symptoms appear to have significantly longer recovery time duration. Recall bias may be in play where patients may report recovery time for Instrument A as a construct of an average recovery time rather than a maximum value since there are no specific symptoms to refer to. A second hypothesis is that the greater frequency of recovery time reported between 0 and 6 hours in Instrument A belong to symptoms that were not captured by Instruments B and C. Based on the data, we are unable to determine whether these symptoms are significant and whether they affect a patient’s quality of life. If such symptoms were to affect quality of life, Instrument A alone would not inform clinical practices as to which symptoms are most important to manage.
[bookmark: _Toc427747842]Prevalent symptoms in the dialysis population
We examined ten symptoms selected with validated methods. The four most commonly experienced symptoms were fatigue, muscle cramps, muscle soreness, and bone and joint pain. The pathophysiology of these symptoms is likely multifactorial though the process of dialysis is likely a major contributor. Physiologically, electrolyte and osmotic shifts are common due to volume changes during dialysis. Furthermore, dialysis-induced hypotension can trigger ischemic insult in the heart, brain, or gut97. Such injury could lead to the development of intradialytic and post-dialysis symptoms. For example, cardiac ischemic injury can lead to shortness of breath and chest pain. These symptoms have been shown in the literature and in our study to be associated with longer dialysis recovery time86. Furthermore, a study has shown that dialytic symptom burden was strongly associated with recovery time90.
Fatigue
The literature has described fatigue as a highly prevalent symptom among patients with ESRD59,90,92,98,99. Likewise, in the work that detailed the development of the DSI, more than 50% of their patients experienced fatigue59. However, the phenomenon of post-dialysis fatigue should be considered as a separate entity from general fatigue. 
In our cohort, the most prevalent post-dialysis symptom experienced is fatigue. Lindsay et al. demonstrated that the correlation between recovery time and fatigue was most severe at the end of dialysis (r = 0.508, p <0.001) and the correlation decreased over time post-dialysis. This alone suggests that post-dialysis fatigue arises due to the process of dialysis. It is especially concerning that a prevalent symptom that is fatigue has a mostly undefined pathophysiology and that no routinely measured clinical or dialytic marker has strong predictive abilities of post-dialysis fatigue99. Although the hemodynamic mechanism of post-dialysis fatigue is unclear, it has been shown that ultrafiltration, diffusion, osmotic shifts, blood membrane interactions, elevated tumor necrosis factor levels, and psychological factors are all associated with post-dialysis fatigue99-101. The association between excessive ultrafiltration and post-dialysis fatigue has led to an alternate hypothesis that post-dialysis fatigue is induced by excessive volume removal in the intravascular volume102,103. Switching patients to frequent dialysis regimens have been shown to improve post-dialysis fatigue104,105. A separate cause of fatigue is known to be anemia deficiency that is commonly found in the dialysis population. However, this hypothesis only explains fatigue in general, and not post-dialysis fatigue due to a lack of temporal correlation. There is also some mild evidence that elevated dialysate sodium reduces interdialytic fatigue and post-dialysis hypotension100,106. 
Muscle Cramps
Muscle cramps is another commonly experienced symptom with prolonged recovery time. Lindsay et al. also identified a significant correlation between recovery time and muscle cramps (r=0.275, p<0.001)86. In the hemodialysis population, the prevalence of muscle cramps is estimated to lie between 35 to 86%107. Dialysis sessions are often terminated early due to patient complaints of muscle cramps. This leads to under-dialysed patients, and possibly suboptimal ultrafiltration, which can cause chronic volume overload and hypertension108. The etiology is unclear but almost certainly multifactorial and includes hypotension, changes in plasma volume osmolality or contraction, hyponatremia, hypomagnesia, and carnitine deficiency as probable causes109,110. There is limited evidence from a systematic review of 7 randomized controlled trials that suggests L-carnitine supplementation improves dialysis-related muscle cramping or intradialytic hypotension and there is also no temporal association111. It is possible that hypomagnesia is related to muscle cramps. Muscle cramps is found to arise frequently at the end of dialysis sessions and may be a consequence of insufficient magnesium. Low dialysate magnesium has been shown to increase muscle cramps112,113 and severe muscle cramps has been shown to be rescued with intravenous magnesium114. If muscle cramps is associated with quality of life, magnesium supplementation may be a plausible and logical intervention for implementing into care guidelines.
Muscle soreness and bone and joint pain
Two other prevalent symptoms that we identified were muscle soreness and bone and joint pain. Musculoskeletal pain has been previously reported in 32% of a Canadian cohort of 205 hemodialysis patients with severity similar to that of neuropathic and ischemic pain115. Joint pain is also found to be frequently experienced. In one study, 90 out of 130 patients reported at least mild joint symptoms derived from a collection of causes including arthritis, calcification problems, avascular necrosis, and carpal tunnel syndrome116. We found that 36% of our cohort reported musculoskeletal, bone, and joint pain. Commonly used treatment algorithms for pain are most frequently associated with cancer patients, but this may not apply for the hemodialysis population due to the nature of uremic symptoms117,118. There is no objective data on pain management in patients with CKD and it requires additional study119. Also, nonsteroidal anti-inflammatory drugs have a ceiling effect and may not be able to suppress severe levels of pain120. Although opioids could be considered, the adverse profile is concerning given the lack of understanding on the importance of pain in the dialysis population121.
[bookmark: _Toc427747843]Symptom Severity
With regards to symptom severity, fatigue was also the symptom most frequently associated with stronger symptom severity, of which 26% of respondents feeling that the severity of their fatigue met the ceiling score. Most other symptoms, if felt, had low symptom severity score. In the literature, symptom severity has been measured and found to be associated with recovery time, quality of life and depression; however, the dimension of severity itself often fails to supplement additional information that symptom burden already provides90,122. For example, patients who experience certain symptoms also report that these symptoms are frequent, severe, and bothersome59,96,122.
[bookmark: _Toc427747844]Relationship between recovery time and quality of life
All component scores except physical component score from KDQoL-36 were associated with recovery time from Instrument A. More importantly, the findings suggest what we hypothesized: longer recovery time is associated with lower quality of life. For example, a patient who reported 12 more hours of recovery time would have a BKD score lowered by 9.60 points, a EKD score lowered by 6.48 points, SKD score lowered by 3.24 points, and a MCS lowered by 2.64 points. There is literature to suggest that the MCS score change that we noted is not indicative as minimally clinically important. The often-cited standard is a 3-5 point shift which represents an important difference123. However, there is insufficient literature to suggest whether the score changes for the disease-specific components are clinically important. Some symptom-specific recovery time and severity from Instrument C showed significant associations with the SKD score. Although fatigue is one of the most commonly experienced symptoms, it did not translate into significant associations with quality of life; fatigue was only associated with the MCS when measured with Instrument B. These findings suggest that recovery time may be related to a multitude of factors, rather than any individual symptom. SF-36 subscales (PCS, MCS) and Health Utilities Index correlated well with recovery time in Lindsay et al86. An alternate hypothesis is that there are symptoms that we were not able to detect due to the limitations of our symptom-specific instruments. 
[bookmark: _Toc427747845]Strengths and Limitations
[bookmark: _Toc427747846]Strengths
Our study has several strengths. We designed novel instruments to measure symptom-specific recovery time and symptom severity, and prospectively collected quality of life data using several different instruments. By randomizing order of instruments, we ruled out possibility of a period effect. We also recruited patients from two centres (one in Eastern Canada and the other in Western Canada), thereby improving the generalizability of our results. We also achieved a very respectable patient response rate to our instruments, demonstrating its feasibility. 
[bookmark: _Toc427747847]Limitations
Our findings must also be considered in light of their limitations. First, since Instrument A used a question from previous studies, it is not symptom-specific. Recovery time measured from Instrument A may include a multitude of factors that cannot be explained from this study alone. Any analyses made between Instrument A versus Instruments B may not be comparable. Second, Instruments B and C only measured recovery time with respect to ten symptoms that were selected based on previous studies. We acknowledge that dialysis patients experience a plethora of problems that may not have been represented in the instruments. But, we had a rational way of selecting symptoms that was expert informed and grounded. Measurement of these symptoms may also explain the difference between patient response in Instrument A versus Instruments B and C. Third, the size of the cohort was relatively small at 120 patients and there was no sample size calculation for a specific outcome. However, the magnitude of this issue may not be as important as the regression models in this study were able to detect a difference for certain relationships. Lastly, the study did not employ a sampling strategy such as random or consecutive sampling to maximize population representativeness. Patients were invited into the study based on communication with care providers and patient willingness. This may introduce selection bias, with healthier patients selected for inclusion into this study. However given that 17% of the patients died during the course of the study, this limitation is tempered.
[bookmark: _Toc427747848]Contribution of findings to development of the optimal instrument for future research
Our study was able to examine five important characteristics in designing an instrument for measuring recovery time: response completeness, recovery time response, distribution of recovery time, symptom selection, and symptom severity. All three instruments demonstrated very acceptable completion rates. This implies that the length and the number of questions of our instruments are fair and can serve as a guide for the development of any future instruments. Future instruments should consider the presentation of the order of symptoms. Psychometric research has shown that responses to questions later in longer instruments tend to have less variance compared with those responding to shorter instruments124.
In terms of post-dialysis recovery time response, patients responded most frequently to Instrument A, suggesting that the property of a single item global question is most sensitive in detecting recovery time. As well, recovery time measured by Instrument A was strongly associated with quality of life measures, providing further emphasis on the importance of recovery time as a quality of life indicator. Although we selected ten symptoms for Instruments B and C, it may be possible to assess more, such as pruritus and dry skin, which are commonly found the dialysis population. For example, inclusion of other symptoms in linear regression models of symptom-specific recovery time and quality of life may explain the lack of association from our finding.
Similarly, symptom severity alone was not predictive of quality of life. However, the method of symptom severity measurement may not have been optimal. We did not prospectively measure symptoms after dialysis at cross-sectional time points to determine change in severity. This limited our ability to understand which symptoms became more severe because of dialysis, and which symptoms were constant.
One key aspect to note is that measurement of recovery time as a marker of quality of life has properties of comparison. The unit of time is easily interpretable, demonstrates face validity, can be self-administered, and can be used as a tool to compare across different groups (i.e. hemodialysis patients vs peritoneal dialysis patients). 
[bookmark: _Toc427747849]Conclusion: future research and study modifications
We investigated three instruments for the measurement of recovery time in dialysis patients and found that a significant proportion of responses (76%) included experiencing post-dialysis recovery time. Our study found that Instrument A was the most sensitive in measuring recovery time. We also showed that patient responses to symptom-specific recovery time and the global question of recovery time are different. We further validated previous literature that recovery time is associated with quality of life. Future research should be aimed at measuring clinical markers to identify intradialytic changes that could be associated with development of post-dialysis recovery time and symptoms. The underlying mechanisms that drive recovery time can be targeted with interventions to improve quality of life.
M.Sc. Thesis – Kevin Quach; McMaster University – Clinical Epidemiology and Biostatistics
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[bookmark: _Toc427747852]Figure 1. Study schedule.
[bookmark: _Toc427659298]Once enrolled, baseline and facility characteristics were collected at the baseline visit, and randomization of instruments was performed. The figure illustrates two participants with different instrument randomization schemes. At each study visit, participants respond to study Instruments A, B, or C at the beginning of the visit following their previous dialysis session. Participants also completed the KDQoL-36 and DSI at the end of each Index Week.
Patient Inclusion and Exclusion Criteria
1 Chronic hemodialysis (>90 days)
2 Not scheduled for a living related kidney transplant within the next 6 weeks
3 Not training for a new dialysis modality
4 Not previously enrolled in the HOST Study
Informed Consent Obtained
· Baseline data abstracted
Randomize order of recovery instrument use
















Week 1 (within 14 days of randomization)
· Patient completes post-dialysis instrument at end of first, middle and last dialysis of week
· Instrument A or B or C delivered at start of second and last dialysis of this week and first dialysis of next week
· Hemodynamic and dialysis prescription data abstracted for first, middle and last dialysis of week








Week 2 (at least 14 days from start of Week 1 and within 10 weeks of enrollment)
· Patient completes post-dialysis instrument at end of first, middle and last dialysis of week
· Instrument A or B or C delivered at start of second and last dialysis of this week and first dialysis of next week
· Hemodynamic and dialysis prescription data abstracted for first, middle and last dialysis of week








Week 3 (at least 14 days from start of Week 2 and within 12 weeks of enrollment)
· Patient completes post-dialysis instrument at end of first, middle and last dialysis of week
· Instrument A or B or C delivered at start of second and last dialysis of this week and first dialysis of next week
· Hemodynamic and dialysis prescription data abstracted for first, middle and last dialysis of week








[bookmark: _Toc427747853]Figure 2. Study flowchart of patient measurements to obtain
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[bookmark: _Toc427747854]Figure 3. Distribution of maximum recovery time of symptoms across all instruments and visits
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[bookmark: _Toc427747856]Table 1. Baseline characteristics of study population
[image: ]
[bookmark: _Toc427747857]Table 2. Patient response behaviour across an Index Week by instrument
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[bookmark: _Toc427747858]Table 3. Proportion of patients who missed a response by visit and instrument
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[bookmark: _Toc427747859]Table 4. Mixed-effects logistic regression model measuring odds ratio (OR) and 95% confidence interval (CI) of missing response. 
Recovery time, instrument type, study visit of the week, order of instrument, and order of patient response were modeled as random-effects covariates and patients were modeled as fixed-effects. All models included only covariates as shown.
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[bookmark: _Toc427747860]Table 5. Patients who reported post-dialysis recovery time instrument and visit number
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* For responses in Instrument B and C, patients were considered to have experienced at least one symptom if they reported a non-zero recovery time in any of the ten symptoms.
* Patients were considered to have no symptoms only if they reported zero hours for all symptoms.
[bookmark: _Toc427660660][bookmark: _Toc427747861]Table 6. Distribution of post-dialysis recovery time by instrument. 
Recovery time was calculated as the median of the longest lasting symptom at each visit.
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[bookmark: _Toc427747862]Table 7. Patient-reported maximum recovery time by specific symptom in instrument B. 
Recovery time was calculated as the maximum recovery time within one specific symptom across all study visits. 
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[bookmark: _Toc427747863]Table 8. Patient-reported maximum recovery time by specific symptom in instrument C. 
Recovery time was calculated as the maximum recovery time within one specific symptom across all study visits.
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[bookmark: _Toc427747864]Table 9. Patient-reported maximum symptom severity by specific symptom and instrument
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[bookmark: _Toc427747865]Table 10. Relationship between Instrument types and Burden of Kidney component score from KDQoL-36. 
Recovery time was calculated as the median of the longest lasting symptom at each visit. Each statistical model is represented by measurements from a single Instrument.
[image: ]
[bookmark: _Toc427747866]Table 11. Relationship between Instrument types and Effect of Kidney Disease component score from KDQoL-36. 
Recovery time was calculated as the median of the longest lasting symptom at each visit. Each statistical model is represented by measurements from a single Instrument. [image: ]
[bookmark: _Toc427747867]Table 12. Relationship between Instrument types and Symptoms of Kidney Disease component score from KDQoL-36. 
Recovery time was calculated as the median of the longest lasting symptom at each visit. Each statistical model is represented by measurements from a single Instrument.
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[bookmark: _Toc427747868]Table 13. Relationship between Instrument types and Physical Component Score from KDQoL-36. 
Recovery time was calculated as the median of the longest lasting symptom at each visit. Each statistical model is represented by measurements from a single Instrument.
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[bookmark: _Toc427747869]Table 14. Relationship between Instrument types and Mental Component Score from KDQoL-36. 
Recovery time was calculated as the median of the longest lasting symptom at each visit. Each statistical model is represented by measurements from a single Instrument.
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APPENDIX D. KDQoL-36 (cont.)
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Patient	
  characteristics
Patient	
  Sample	
  



(n=120)



Age	
  (years)	
  # 67.3	
  (13.3)
Sex
	
  	
  	
  	
  	
  	
  	
  	
  	
  Male 73	
  (60.8)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Female 47	
  (39.2)
Ethnicity
	
  	
  	
  	
  	
  	
  	
  	
  	
  White 93	
  (77.5)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Black 9	
  (7.5)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Asian 4	
  (3.3)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Hispanic 4	
  (3.3)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Other 10	
  (8.3)
Cause	
  of	
  ESRD
	
  	
  	
  	
  	
  	
  	
  	
  	
  Diabetes	
  mellitus 53	
  (44.2)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Hypertension 16	
  (13.3)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Glomerulonephritis 27	
  (22.5)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Polycystic	
  Kidney	
  disease 3	
  (2.5)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Other 21	
  (17.5)
Dialysis	
  Vintage	
  (years)* 4	
  (2,6.5)
Residual	
  urine	
  output
	
  	
  	
  	
  	
  	
  	
  	
  	
  ≤1	
  cup/day 88	
  (73.3)
	
  	
  	
  	
  	
  	
  	
  	
  	
  >1	
  cup/day 32	
  (26.7)
Current	
  or	
  previous	
  smoker 60	
  (50.4)
Comorbidities
	
  	
  	
  	
  	
  	
  	
  	
  	
  Congestive	
  Heart	
  Failure 19	
  (15.8)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Diabetes	
  Mellitus 62	
  (51.7)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Coronary	
  Artery	
  Disease 44	
  (36.7)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Stroke 13	
  (10.8)
	
  	
  	
  	
  	
  	
  	
  	
  	
  Peripheral	
  Vascular	
  Disease 49	
  (40.8)
Dialysis	
  characteristics



	
  	
  	
  	
  	
  	
  	
  	
  	
  Frequency	
  of	
  Dialysis	
  Sesssions	
  (wk)* 3	
  (3,3)



	
  	
  	
  	
  	
  	
  	
  	
  	
  Duration	
  of	
  Dialysis	
  Session	
  (hrs)	
  # 3.6	
  (0.6)



Numbers	
  are	
  reported	
  in	
  counts	
  (%)	
  unless	
  stated	
  otherwise
*	
  reported	
  as	
  median	
  (Interquartile	
  range)
#	
  reported	
  as	
  mean	
  (SD)










Patient	characteristics

Patient	Sample	

(n=120)

Age	(years)	# 67.3	(13.3)

Sex

									Male 73	(60.8)

									Female 47	(39.2)

Ethnicity

									White 93	(77.5)

									Black 9	(7.5)

									Asian 4	(3.3)

									Hispanic 4	(3.3)

									Other 10	(8.3)

Cause	of	ESRD

									Diabetes	mellitus 53	(44.2)

									Hypertension 16	(13.3)

									Glomerulonephritis 27	(22.5)

									Polycystic	Kidney	disease 3	(2.5)

									Other 21	(17.5)

Dialysis	Vintage	(years)* 4	(2,6.5)

Residual	urine	output

									≤1	cup/day 88	(73.3)

									>1	cup/day 32	(26.7)

Current	or	previous	smoker 60	(50.4)

Comorbidities

									Congestive	Heart	Failure 19	(15.8)

									Diabetes	Mellitus 62	(51.7)

									Coronary	Artery	Disease 44	(36.7)

									Stroke 13	(10.8)

									Peripheral	Vascular	Disease 49	(40.8)

Dialysis	characteristics

									Frequency	of	Dialysis	Sesssions	(wk)* 3	(3,3)

									Duration	of	Dialysis	Session	(hrs)	# 3.6	(0.6)

Numbers	are	reported	in	counts	(%)	unless	stated	otherwise

*	reported	as	median	(Interquartile	range)

#	reported	as	mean	(SD)
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Response	
  behaviour Instrument	
  A	
  (%) Instrument	
  B	
  (%) Instrument	
  C	
  (%)



Completed	
  all	
  (three)	
  responses 77	
  (65) 93	
  (79) 98	
  (83)



Completed	
  two	
  responses 26	
  (22) 13	
  (11) 10	
  (9)



Completed	
  one	
  response 5	
  (4) 5	
  (4) 2	
  (2)



Completed	
  no	
  responses 10	
  (9) 7	
  (6) 8	
  (7)



n	
  =	
  118










Response	behaviour Instrument	A	(%)Instrument	B	(%) Instrument	C	(%)

Completed	all	(three)	responses 77	(65) 93	(79) 98	(83)

Completed	two	responses 26	(22) 13	(11) 10	(9)

Completed	one	response 5	(4) 5	(4) 2	(2)

Completed	no	responses 10	(9) 7	(6) 8	(7)

n	=	118
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Instrument	
  Type Visit	
  1	
  (%) Visit	
  2	
  (%) Visit	
  3	
  (%)



A 15	
  (13) 22	
  (19) 29	
  (25)



B 14	
  (12) 13	
  (11) 17	
  (14)



C 13	
  (11) 11	
  (9) 14	
  (12)



n	
  =	
  118










Instrument	Type Visit	1	(%) Visit	2	(%) Visit	3	(%)

A 15	(13) 22	(19) 29	(25)

B 14	(12) 13	(11) 17	(14)

C 13	(11) 11	(9) 14	(12)

n	=	118
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Predictors



OR	
  (95%	
  CI) p-­‐value OR	
  (95%	
  CI) p-­‐value OR	
  (95%	
  CI) p-­‐value OR	
  (95%	
  CI) p-­‐value OR	
  (95%	
  CI) p-­‐value
Recovery	
  Time	
  (hr)
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  <2 0.46	
  (0.16,	
  1.32) 0.148 0.47	
  (0.16,	
  1.38) 0.169 0.46	
  (0.16,	
  1.32) 0.148 0.47	
  (0.16,	
  1.38) 0.168 0.46	
  (0.15,	
  1.38) 0.165
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2-­‐6 0.56	
  (0.17,	
  1.77) 0.320 0.56	
  (0.17,	
  1.84) 0.339 0.55	
  (0.17,	
  1.78) 0.319 0.57	
  (0.17,	
  1.88) 0.351 0.54	
  (0.16,	
  1.84) 0.324
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  >6 0.66	
  (0.23,	
  1.83) 0.421 0.70	
  (0.25,	
  1.98) 0.502 0.65	
  (0.23,	
  1.85) 0.422 0.65	
  (0.22,	
  1.88) 0.425 0.68	
  (0.23,	
  1.98) 0.480



Instrument	
  Type
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Instrument	
  A
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Instrument	
  B 0.47	
  (0.28,	
  0.81) 0.006 0.47	
  (0.28,	
  0.81) 0.006 0.86	
  (0.30,	
  2.50) 0.786 0.48	
  (0.28,	
  0.83) 0.008 0.47	
  (0.27,	
  0.82) 0.008
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Instrument	
  C 0.41	
  (0.24,	
  0.72) 0.002 0.41	
  (0.24,	
  0.72) 0.002 1.00	
  (0.35,	
  2.83) 1.000 0.40	
  (0.23,	
  0.71) 0.002 0.39	
  (0.22,	
  0.69) 0.001



Study	
  Visit	
  of	
  the	
  Week
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Visit	
  1
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Visit	
  2 1.36	
  (0.76,	
  2.45) 0.300 1.36	
  (0.76,	
  2.45) 0.300 2.37	
  (0.93,	
  6.03) 0.071
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Visit	
  3 2.16	
  (1.23,	
  3.77) 0.007 2.16	
  (1.23,	
  3.77) 0.007 4.04	
  (1.63,	
  9.97) 0.002



Order	
  of	
  Instrument
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ABC
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ACB 0.68	
  (0.19,	
  2.42) 0.553 0.66	
  (0.18,	
  2.43) 0.529
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  BAC 1.25	
  (0.36,	
  4.34) 0.724 1.28	
  (0.36,	
  4.58) 0.707
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  BCA 0.59	
  (0.17,	
  2.14) 0.426 0.48	
  (0.13,	
  1.80) 0.275
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  CAB 1.06	
  (0.29,	
  3.89) 0.926 1.04	
  (0.27,	
  3.96) 0.953
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  CBA 1.18	
  (0.34,	
  4.10) 0.792 0.99	
  (0.27,	
  3.60) 0.993



Order	
  of	
  Patient	
  Response
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1st	
  visit
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2nd	
  visit 1.38	
  (0.45,	
  4.21) 0.573 1.38	
  (0.45,	
  4.21) 0.573
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3rd	
  visit 1.80	
  (0.61,	
  5.30) 0.285 1.80	
  (0.61,	
  5.30) 0.285
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4th	
  visit 1.00	
  (0.31,	
  3.23) 1.000 0.96	
  (0.30,	
  3.12) 0.950
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  5th	
  visit 1.18	
  (0.38,	
  3.70) 0.775 1.14	
  (0.36,	
  3.58) 0.824
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  6th	
  visit 2.01	
  (0.69,	
  5.85) 0.198 1.95	
  (0.67,	
  5.67) 0.223
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  7th	
  visit 2.00	
  (0.69,	
  5.79) 0.202 2.02	
  (0.70,	
  5.87) 0.196
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  8th	
  visit 3.00	
  (1.07,	
  8.37) 0.036 3.03	
  (1.08,	
  8.47) 0.035
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  9th	
  visit 5.26	
  (1.95,	
  14.22) 0.001 5.31	
  (1.96,	
  14.38) 0.001



Instrument/Visit	
  Interaction
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Inst2	
  x	
  Visit	
  2 0.49	
  (0.12,	
  2.02) 0.323
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Inst2	
  x	
  Visit	
  3 0.42	
  (0.11,	
  1.62) 0.206
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Inst3	
  x	
  Visit	
  2 0.31	
  (0.07,	
  1.31) 0.111
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Inst3	
  x	
  Visit	
  3 0.28	
  (0.07,	
  1.10) 0.069



NA NA NA NA



Model	
  5



reference reference



NA NA



NA NA



reference



NA



NA



reference



reference



reference reference



NA NA



reference reference reference



reference reference



reference



Model	
  1 Model	
  2



reference reference reference



Model	
  3



reference



Model	
  4










Predictors

OR	(95%	CI) p-value OR	(95%	CI) p-value OR	(95%	CI) p-value OR	(95%	CI) p-value OR	(95%	CI) p-value

Recovery	Time	(hr)

										0

										<2 0.46	(0.16,	1.32) 0.148 0.47	(0.16,	1.38) 0.169 0.46	(0.16,	1.32) 0.148 0.47	(0.16,	1.38) 0.168 0.46	(0.15,	1.38) 0.165

										2-6 0.56	(0.17,	1.77) 0.320 0.56	(0.17,	1.84) 0.339 0.55	(0.17,	1.78) 0.319 0.57	(0.17,	1.88) 0.351 0.54	(0.16,	1.84) 0.324

										>6 0.66	(0.23,	1.83) 0.421 0.70	(0.25,	1.98) 0.502 0.65	(0.23,	1.85) 0.422 0.65	(0.22,	1.88) 0.425 0.68	(0.23,	1.98) 0.480

Instrument	Type

										Instrument	A

										Instrument	B 0.47	(0.28,	0.81) 0.006 0.47	(0.28,	0.81) 0.006 0.86	(0.30,	2.50) 0.786 0.48	(0.28,	0.83) 0.008 0.47	(0.27,	0.82) 0.008

										Instrument	C 0.41	(0.24,	0.72) 0.002 0.41	(0.24,	0.72) 0.002 1.00	(0.35,	2.83) 1.000 0.40	(0.23,	0.71) 0.002 0.39	(0.22,	0.69) 0.001

Study	Visit	of	the	Week

										Visit	1

										Visit	2 1.36	(0.76,	2.45) 0.300 1.36	(0.76,	2.45) 0.300 2.37	(0.93,	6.03) 0.071

										Visit	3 2.16	(1.23,	3.77) 0.007 2.16	(1.23,	3.77) 0.007 4.04	(1.63,	9.97) 0.002

Order	of	Instrument

										ABC

										ACB 0.68	(0.19,	2.42) 0.553 0.66	(0.18,	2.43) 0.529

										BAC 1.25	(0.36,	4.34) 0.724 1.28	(0.36,	4.58) 0.707

										BCA 0.59	(0.17,	2.14) 0.426 0.48	(0.13,	1.80) 0.275

										CAB 1.06	(0.29,	3.89) 0.926 1.04	(0.27,	3.96) 0.953

										CBA 1.18	(0.34,	4.10) 0.792 0.99	(0.27,	3.60) 0.993

Order	of	Patient	Response

										1st	visit

										2nd	visit 1.38	(0.45,	4.21) 0.573 1.38	(0.45,	4.21) 0.573

										3rd	visit 1.80	(0.61,	5.30) 0.285 1.80	(0.61,	5.30) 0.285

										4th	visit 1.00	(0.31,	3.23) 1.000 0.96	(0.30,	3.12) 0.950

										5th	visit 1.18	(0.38,	3.70) 0.775 1.14	(0.36,	3.58) 0.824

										6th	visit 2.01	(0.69,	5.85) 0.198 1.95	(0.67,	5.67) 0.223

										7th	visit 2.00	(0.69,	5.79) 0.202 2.02	(0.70,	5.87) 0.196

										8th	visit 3.00	(1.07,	8.37) 0.036 3.03	(1.08,	8.47) 0.035

										9th	visit 5.26	(1.95,	14.22) 0.001 5.31	(1.96,	14.38) 0.001

Instrument/Visit	Interaction

										Inst2	x	Visit	2 0.49	(0.12,	2.02) 0.323

										Inst2	x	Visit	3 0.42	(0.11,	1.62) 0.206

										Inst3	x	Visit	2 0.31	(0.07,	1.31) 0.111

										Inst3	x	Visit	3 0.28	(0.07,	1.10) 0.069

NA NA NA NA

Model	5

reference reference

NA NA

NA NA

reference

NA

NA

reference

reference

reference reference

NA NA

reference reference reference

reference reference

reference

Model	1 Model	2

reference reference reference

Model	3

reference

Model	4


image7.emf



Instrument	
  Type
(n	
  =	
  118)



Visit	
  1	
  (%) Visit	
  2	
  (%) Visit	
  3	
  (%)



A 89	
  (86) 80	
  (83) 76	
  (85)



B 83	
  (80) 76	
  (72) 67	
  (66)



C 77	
  (73) 76	
  (71) 72	
  (69)










Instrument	Type

(n	=	118)

Visit	1	(%) Visit	2	(%) Visit	3	(%)

A 89	(86) 80	(83) 76	(85)

B 83	(80) 76	(72) 67	(66)

C 77	(73) 76	(71) 72	(69)
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Recovery	
  Time
(hr)



Instrument	
  A Instrument	
  B Instrument	
  C



0 13	
  (12) 28	
  (25) 29	
  (26)



0-­‐2 30	
  (28) 11	
  (10) 5	
  (5)



2-­‐6 37	
  (34) 16	
  (14) 16	
  (15)



>	
  6 28	
  (26) 56	
  (50) 60	
  (55)










Recovery	Time

(hr)

Instrument	A Instrument	B Instrument	C

0 13	(12) 28	(25) 29	(26)

0-2 30	(28) 11	(10) 5	(5)

2-6 37	(34) 16	(14) 16	(15)

>	6 28	(26) 56	(50) 60	(55)
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Symptom 0	
  hrs	
   <2	
  hrs	
   2-­‐6	
  hrs	
   >6	
  hrs



Nausea	
  and	
  Vomiting 88	
  (79) 8	
  (7) 5	
  (5) 10	
  (9)



Diarrhea 98	
  (88) 4	
  (4) 3	
  (3) 6	
  (5)



Nervousness 95	
  (85) 7	
  (6) 2	
  (2) 7	
  (7)



Lack	
  of	
  Energy 35	
  (31) 12	
  (11) 15	
  (14) 49	
  (44)



Muscle	
  Cramps 66	
  (59) 28	
  (25) 5	
  (5) 12	
  (11)



Shortness	
  of	
  Breath 83	
  (74) 5	
  (5) 2	
  (2) 21	
  (19)



Muscle	
  Soreness 74	
  (67) 9	
  (8) 5	
  (4) 23	
  (21)



Bone	
  and	
  joint	
  pain 71	
  (64) 4	
  (4) 6	
  (5) 30	
  (27)



Chest	
  pain 103	
  (92) 5	
  (5) 0	
  (0) 3	
  (3)



Headache 80	
  (72) 16	
  (14) 8	
  (7) 7	
  (7)



Instrument	
  B	
  Recovery	
  Time	
  (%)










Symptom

0	hrs	 <2	hrs	 2-6	hrs	 >6	hrs

Nausea	and	Vomiting 88	(79) 8	(7) 5	(5) 10	(9)

Diarrhea 98	(88) 4	(4) 3	(3) 6	(5)

Nervousness 95	(85) 7	(6) 2	(2) 7	(7)

Lack	of	Energy 35	(31) 12	(11) 15	(14) 49	(44)

Muscle	Cramps 66	(59) 28	(25) 5	(5) 12	(11)

Shortness	of	Breath 83	(74) 5	(5) 2	(2) 21	(19)

Muscle	Soreness 74	(67) 9	(8) 5	(4) 23	(21)

Bone	and	joint	pain 71	(64) 4	(4) 6	(5) 30	(27)

Chest	pain 103	(92) 5	(5) 0	(0) 3	(3)

Headache 80	(72) 16	(14) 8	(7) 7	(7)

Instrument	B	Recovery	Time	(%)
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Symptom 0	
  hrs	
   <2	
  hrs	
   2-­‐6	
  hrs	
   >6	
  hrs



Nausea	
  and	
  Vomiting 91	
  (83) 7	
  (6) 4	
  (4) 8	
  (7)



Diarrhea 91	
  (83) 7	
  (6) 1	
  (1) 11	
  (10)



Nervousness 89	
  (80) 8	
  (7) 4	
  (4) 9	
  (9)



Lack	
  of	
  Energy 25	
  (23) 17	
  (15) 17	
  (15) 51	
  (47)



Muscle	
  Cramps 69	
  (62) 21	
  (19) 5	
  (5) 15	
  (14)



Shortness	
  of	
  Breath 82	
  (74) 4	
  (4) 5	
  (5) 19	
  (17)



Muscle	
  Soreness 70	
  (63) 8	
  (7) 4	
  (4) 28	
  (26)



Bone	
  and	
  joint	
  pain 74	
  (67) 6	
  (5) 2	
  (2) 28	
  (26)



Chest	
  pain 103	
  (93) 4	
  (4) 0	
  (0) 3	
  (3)



Headache 77	
  (70) 14	
  (12) 11	
  (10) 8	
  (8)



Instrument	
  C	
  Recovery	
  Time	
  (%)










Symptom

0	hrs	 <2	hrs	 2-6	hrs	 >6	hrs

Nausea	and	Vomiting 91	(83) 7	(6) 4	(4) 8	(7)

Diarrhea 91	(83) 7	(6) 1	(1) 11	(10)

Nervousness 89	(80) 8	(7) 4	(4) 9	(9)

Lack	of	Energy 25	(23) 17	(15) 17	(15) 51	(47)

Muscle	Cramps 69	(62) 21	(19) 5	(5) 15	(14)

Shortness	of	Breath 82	(74) 4	(4) 5	(5) 19	(17)

Muscle	Soreness 70	(63) 8	(7) 4	(4) 28	(26)

Bone	and	joint	pain 74	(67) 6	(5) 2	(2) 28	(26)

Chest	pain 103	(93) 4	(4) 0	(0) 3	(3)

Headache 77	(70) 14	(12) 11	(10) 8	(8)

Instrument	C	Recovery	Time	(%)
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Symptom None	
  (%) A	
  little	
  bit	
  (%) Somewhat	
  (%) Quite	
  a	
  bit	
  (%) Very	
  much	
  (%)



Nausea	
  and	
  Vomiting 90	
  (82) 6	
  (5) 7	
  (6) 6	
  (5) 1	
  (1)



Diarrhea 89	
  (81) 10	
  (9) 3	
  (3) 3	
  (3) 5	
  (5)



Nervousness 88	
  (80) 9	
  (8) 8	
  (7) 2	
  (2) 3	
  (3)



Lack	
  of	
  Energy 21	
  (19) 24	
  (22) 17	
  (15) 19	
  (17) 29	
  (26)



Muscle	
  Cramps 60	
  (55) 23	
  (21) 12	
  (11) 5	
  (5) 10	
  (9)



Shortness	
  of	
  Breath 77	
  (70) 10	
  (9) 7	
  (6) 7	
  (6) 9	
  (8)



Muscle	
  Soreness 67	
  (61) 14	
  (13) 15	
  (14) 9	
  (8) 5	
  (5)



Bone	
  and	
  joint	
  pain 73	
  (66) 13	
  (12) 11	
  (10) 8	
  (7) 6	
  (5)



Chest	
  pain 103	
  (94) 4	
  (4) 2	
  (2) 1	
  (1) 0	
  (0)



Headache 76	
  (69) 17	
  (15) 7	
  (6) 6	
  (5) 4	
  (4)



Symptom	
  Severity










Symptom

None	(%) A	little	bit	(%) Somewhat	(%) Quite	a	bit	(%) Very	much	(%)

Nausea	and	Vomiting 90	(82) 6	(5) 7	(6) 6	(5) 1	(1)

Diarrhea 89	(81) 10	(9) 3	(3) 3	(3) 5	(5)

Nervousness 88	(80) 9	(8) 8	(7) 2	(2) 3	(3)

Lack	of	Energy 21	(19) 24	(22) 17	(15) 19	(17) 29	(26)

Muscle	Cramps 60	(55) 23	(21) 12	(11) 5	(5) 10	(9)

Shortness	of	Breath 77	(70) 10	(9) 7	(6) 7	(6) 9	(8)

Muscle	Soreness 67	(61) 14	(13) 15	(14) 9	(8) 5	(5)

Bone	and	joint	pain 73	(66) 13	(12) 11	(10) 8	(7) 6	(5)

Chest	pain 103	(94) 4	(4) 2	(2) 1	(1) 0	(0)

Headache 76	(69) 17	(15) 7	(6) 6	(5) 4	(4)

Symptom	Severity


image12.emf



β	
  (95%	
  CI) P



Instrument	
  A



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time -­‐0.81	
  (-­‐1.34,	
  -­‐0.28) 0.003



Instrument	
  B



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting -­‐1.02	
  (-­‐2.5,	
  0.47) 0.176
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐1.84	
  (-­‐7.16,	
  3.48) 0.494
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness 3.95	
  (-­‐1.43,	
  9.32) 0.148
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐0.41	
  (-­‐1.03,	
  0.2) 0.186
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐0.03	
  (-­‐1.8,	
  1.74) 0.972
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath -­‐0.17	
  (-­‐1.24,	
  0.91) 0.760
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness -­‐0.15	
  (-­‐1.08,	
  0.78) 0.750
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain -­‐0.13	
  (-­‐0.7,	
  0.43) 0.637
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain -­‐0.5	
  (-­‐14.49,	
  13.49) 0.944
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache -­‐0.51	
  (-­‐2.22,	
  1.2) 0.554



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time -­‐0.46	
  (-­‐0.86,	
  -­‐0.07) 0.022



Instrument	
  C



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting 0.7	
  (-­‐0.71,	
  2.11) 0.327
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐0.62	
  (-­‐2.33,	
  1.09) 0.474
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness 0.87	
  (-­‐1.02,	
  2.77) 0.363
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐0.12	
  (-­‐0.62,	
  0.38) 0.636
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps 1.17	
  (-­‐0.21,	
  2.55) 0.094
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath -­‐0.04	
  (-­‐0.92,	
  0.85) 0.936
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness -­‐0.48	
  (-­‐1.32,	
  0.36) 0.262
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain 0.55	
  (-­‐0.41,	
  1.51) 0.255
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain 1.23	
  (-­‐4.39,	
  6.84) 0.665
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache -­‐0.48	
  (-­‐2.11,	
  1.14) 0.555
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Severity
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting -­‐17.05	
  (-­‐32.82,	
  -­‐1.29) 0.034
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐7.58	
  (-­‐24.47,	
  9.31) 0.375
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness -­‐13.72	
  (-­‐37.64,	
  10.19) 0.257
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐3.97	
  (-­‐10.52,	
  2.57) 0.230
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐2.59	
  (-­‐11.63,	
  6.46) 0.571
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath -­‐1.02	
  (-­‐11.54,	
  9.51) 0.848
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness 6.75	
  (-­‐4.92,	
  18.42) 0.253
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain -­‐7.41	
  (-­‐23.16,	
  8.34) 0.352
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain -­‐10.08	
  (-­‐65.23,	
  45.08) 0.717
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache 4.31	
  (-­‐7.95,	
  16.57) 0.486



Burden	
  of	
  Kidney	
  Disease



Model	
  1



Model	
  2



Model	
  3



Model	
  4










β	(95%	CI) P

Instrument	A

												Recovery	Time -0.81	(-1.34,	-0.28) 0.003

Instrument	B

												Recovery	Time

												Nausea	and	Vomiting -1.02	(-2.5,	0.47) 0.176

												Diarrhea -1.84	(-7.16,	3.48) 0.494

												Nervousness 3.95	(-1.43,	9.32) 0.148

												Lack	of	Energy -0.41	(-1.03,	0.2) 0.186

												Muscle	Cramps -0.03	(-1.8,	1.74) 0.972

												Shortness	of	Breath -0.17	(-1.24,	0.91) 0.760

												Muscle	Soreness -0.15	(-1.08,	0.78) 0.750

												Bone	and	joint	pain -0.13	(-0.7,	0.43) 0.637

												Chest	pain -0.5	(-14.49,	13.49) 0.944

												Headache -0.51	(-2.22,	1.2) 0.554

												Recovery	Time -0.46	(-0.86,	-0.07) 0.022

Instrument	C

												Recovery	Time

												Nausea	and	Vomiting 0.7	(-0.71,	2.11) 0.327

												Diarrhea -0.62	(-2.33,	1.09) 0.474

												Nervousness 0.87	(-1.02,	2.77) 0.363

												Lack	of	Energy -0.12	(-0.62,	0.38) 0.636

												Muscle	Cramps 1.17	(-0.21,	2.55) 0.094

												Shortness	of	Breath -0.04	(-0.92,	0.85) 0.936

												Muscle	Soreness -0.48	(-1.32,	0.36) 0.262

												Bone	and	joint	pain 0.55	(-0.41,	1.51) 0.255

												Chest	pain 1.23	(-4.39,	6.84) 0.665

												Headache -0.48	(-2.11,	1.14) 0.555

												Severity

												Nausea	and	Vomiting -17.05	(-32.82,	-1.29) 0.034

												Diarrhea -7.58	(-24.47,	9.31) 0.375

												Nervousness -13.72	(-37.64,	10.19) 0.257

												Lack	of	Energy -3.97	(-10.52,	2.57) 0.230

												Muscle	Cramps -2.59	(-11.63,	6.46) 0.571

												Shortness	of	Breath -1.02	(-11.54,	9.51) 0.848

												Muscle	Soreness 6.75	(-4.92,	18.42) 0.253

												Bone	and	joint	pain -7.41	(-23.16,	8.34) 0.352

												Chest	pain -10.08	(-65.23,	45.08) 0.717

												Headache 4.31	(-7.95,	16.57) 0.486

Burden	of	Kidney	Disease

Model	1

Model	2

Model	3

Model	4
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β	
  (95%	
  CI) P



Instrument	
  A



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time -­‐0.54	
  (-­‐0.97,	
  -­‐0.12) 0.013



Instrument	
  B



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting 0.02	
  (-­‐1.21,	
  1.25) 0.976
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐0.11	
  (-­‐4.53,	
  4.30) 0.959
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness -­‐0.60	
  (-­‐5.08,	
  3.88) 0.790
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐0.48	
  (-­‐0.97,	
  0.01) 0.054
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐2.05	
  (-­‐3.54,	
  -­‐0.56) 0.008
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath -­‐0.08	
  (-­‐0.93,	
  0.78) 0.858
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness 0.29	
  (-­‐0.48,	
  1.07) 0.454
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain -­‐0.07	
  (-­‐0.55,	
  0.40) 0.764
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain -­‐3.78	
  (-­‐15.38,	
  7.81) 0.518
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache 0.44	
  (-­‐0.94,	
  1.82) 0.529



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time -­‐0.47	
  (-­‐0.79,	
  -­‐0.15) 0.005



Instrument	
  C



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting 0.05	
  (-­‐1.06,	
  1.17) 0.924
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea 0.10	
  (-­‐1.25,	
  1.45) 0.887
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness 1.15	
  (-­‐0.35,	
  2.64) 0.132
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐0.24	
  (-­‐0.63,	
  0.15) 0.230
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐0.74	
  (-­‐1.83,	
  0.35) 0.181
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath -­‐0.03	
  (-­‐0.73,	
  0.67) 0.933
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness -­‐0.21	
  (-­‐0.87,	
  0.46) 0.536
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain 0.16	
  (-­‐0.59,	
  0.92) 0.670
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain 0.11	
  (-­‐4.32,	
  4.54) 0.960
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache -­‐0.31	
  (-­‐1.59,	
  0.98) 0.636
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Severity
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting -­‐9.23	
  (-­‐21.67,	
  3.22) 0.144
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐10.26	
  (-­‐23.6,	
  3.07) 0.130
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness -­‐10.4	
  (-­‐29.29,	
  8.48) 0.276
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy 0.68	
  (-­‐4.49,	
  5.85) 0.794
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐2.08	
  (-­‐9.22,	
  5.06) 0.564
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath 0.21	
  (-­‐8.11,	
  8.52) 0.961
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness 2.38	
  (-­‐6.83,	
  11.6) 0.608
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain -­‐8.30	
  (-­‐20.74,	
  4.13) 0.188
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain -­‐9.59	
  (-­‐53.13,	
  33.96) 0.662
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache 9.22	
  (-­‐0.46,	
  18.9) 0.062



Effects	
  of	
  Kidney	
  Disease



Model	
  1



Model	
  2



Model	
  3



Model	
  4










β	(95%	CI) P

Instrument	A

												Recovery	Time -0.54	(-0.97,	-0.12) 0.013

Instrument	B

												Recovery	Time

												Nausea	and	Vomiting 0.02	(-1.21,	1.25) 0.976

												Diarrhea -0.11	(-4.53,	4.30) 0.959

												Nervousness -0.60	(-5.08,	3.88) 0.790

												Lack	of	Energy -0.48	(-0.97,	0.01) 0.054

												Muscle	Cramps -2.05	(-3.54,	-0.56) 0.008

												Shortness	of	Breath -0.08	(-0.93,	0.78) 0.858

												Muscle	Soreness 0.29	(-0.48,	1.07) 0.454

												Bone	and	joint	pain -0.07	(-0.55,	0.40) 0.764

												Chest	pain -3.78	(-15.38,	7.81) 0.518

												Headache 0.44	(-0.94,	1.82) 0.529

												Recovery	Time -0.47	(-0.79,	-0.15) 0.005

Instrument	C

												Recovery	Time

												Nausea	and	Vomiting 0.05	(-1.06,	1.17) 0.924

												Diarrhea 0.10	(-1.25,	1.45) 0.887

												Nervousness 1.15	(-0.35,	2.64) 0.132

												Lack	of	Energy -0.24	(-0.63,	0.15) 0.230

												Muscle	Cramps -0.74	(-1.83,	0.35) 0.181

												Shortness	of	Breath -0.03	(-0.73,	0.67) 0.933

												Muscle	Soreness -0.21	(-0.87,	0.46) 0.536

												Bone	and	joint	pain 0.16	(-0.59,	0.92) 0.670

												Chest	pain 0.11	(-4.32,	4.54) 0.960

												Headache -0.31	(-1.59,	0.98) 0.636

												Severity

												Nausea	and	Vomiting -9.23	(-21.67,	3.22) 0.144

												Diarrhea -10.26	(-23.6,	3.07) 0.130

												Nervousness -10.4	(-29.29,	8.48) 0.276

												Lack	of	Energy 0.68	(-4.49,	5.85) 0.794

												Muscle	Cramps -2.08	(-9.22,	5.06) 0.564

												Shortness	of	Breath 0.21	(-8.11,	8.52) 0.961

												Muscle	Soreness 2.38	(-6.83,	11.6) 0.608

												Bone	and	joint	pain -8.30	(-20.74,	4.13) 0.188

												Chest	pain -9.59	(-53.13,	33.96) 0.662

												Headache 9.22	(-0.46,	18.9) 0.062

Effects	of	Kidney	Disease

Model	1

Model	2

Model	3

Model	4
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β	
  (95%	
  CI) P



Instrument	
  A



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time -­‐0.27	
  (-­‐0.56,	
  0.01) 0.058



Instrument	
  B



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting -­‐0.36	
  (-­‐1.09,	
  0.38) 0.339
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐2.07	
  (-­‐4.7,	
  0.57) 0.122
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness 2.12	
  (-­‐0.54,	
  4.78) 0.117
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐0.19	
  (-­‐0.5,	
  0.12) 0.221
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐0.61	
  (-­‐1.48,	
  0.27) 0.172
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath -­‐0.13	
  (-­‐0.66,	
  0.41) 0.64
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness -­‐0.16	
  (-­‐0.62,	
  0.3) 0.489
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain 0.01	
  (-­‐0.27,	
  0.29) 0.944
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain -­‐5.3	
  (-­‐12.22,	
  1.63) 0.132
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache 0.14	
  (-­‐0.71,	
  0.99) 0.742



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time -­‐0.29	
  (-­‐0.49,	
  -­‐0.09) 0.005



Instrument	
  C



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting 0.79	
  (0.22,	
  1.36) 0.007
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐0.37	
  (-­‐1.07,	
  0.32) 0.284
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness 0.71	
  (-­‐0.05,	
  1.48) 0.068
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐0.06	
  (-­‐0.26,	
  0.14) 0.572
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐0.68	
  (-­‐1.23,	
  -­‐0.12) 0.018
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath -­‐0.56	
  (-­‐0.91,	
  -­‐0.2) 0.003
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness -­‐0.13	
  (-­‐0.47,	
  0.21) 0.46
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain -­‐0.39	
  (-­‐0.78,	
  -­‐0.01) 0.047
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain 3.23	
  (0.96,	
  5.5) 0.006
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache 0.06	
  (-­‐0.6,	
  0.71) 0.862
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Severity
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting -­‐14.19	
  (-­‐20.57,	
  -­‐7.82) <	
  0.001
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐4.4	
  (-­‐11.23,	
  2.43) 0.203
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness -­‐13.56	
  (-­‐23.22,	
  -­‐3.89) 0.007
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy 0.13	
  (-­‐2.51,	
  2.78) 0.921
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐0.27	
  (-­‐3.92,	
  3.39) 0.885
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath -­‐1.04	
  (-­‐5.3,	
  3.21) 0.627
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness -­‐0.18	
  (-­‐4.9,	
  4.54) 0.939
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain 5.34	
  (-­‐1.03,	
  11.7) 0.099
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain -­‐43.03	
  (-­‐65.32,	
  -­‐20.73) <	
  0.001
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache 0.44	
  (-­‐4.52,	
  5.39) 0.861



Symptoms	
  of	
  Kidney	
  Disease



Model	
  1



Model	
  2



Model	
  3



Model	
  4










β	(95%	CI) P

Instrument	A

												Recovery	Time -0.27	(-0.56,	0.01) 0.058

Instrument	B

												Recovery	Time

												Nausea	and	Vomiting -0.36	(-1.09,	0.38) 0.339

												Diarrhea -2.07	(-4.7,	0.57) 0.122

												Nervousness 2.12	(-0.54,	4.78) 0.117

												Lack	of	Energy -0.19	(-0.5,	0.12) 0.221

												Muscle	Cramps -0.61	(-1.48,	0.27) 0.172

												Shortness	of	Breath -0.13	(-0.66,	0.41) 0.64

												Muscle	Soreness -0.16	(-0.62,	0.3) 0.489

												Bone	and	joint	pain 0.01	(-0.27,	0.29) 0.944

												Chest	pain -5.3	(-12.22,	1.63) 0.132

												Headache 0.14	(-0.71,	0.99) 0.742

												Recovery	Time -0.29	(-0.49,	-0.09) 0.005

Instrument	C

												Recovery	Time

												Nausea	and	Vomiting 0.79	(0.22,	1.36) 0.007

												Diarrhea -0.37	(-1.07,	0.32) 0.284

												Nervousness 0.71	(-0.05,	1.48) 0.068

												Lack	of	Energy -0.06	(-0.26,	0.14) 0.572

												Muscle	Cramps -0.68	(-1.23,	-0.12) 0.018

												Shortness	of	Breath -0.56	(-0.91,	-0.2) 0.003

												Muscle	Soreness -0.13	(-0.47,	0.21) 0.46

												Bone	and	joint	pain -0.39	(-0.78,	-0.01) 0.047

												Chest	pain 3.23	(0.96,	5.5) 0.006

												Headache 0.06	(-0.6,	0.71) 0.862

												Severity

												Nausea	and	Vomiting -14.19	(-20.57,	-7.82) <	0.001

												Diarrhea -4.4	(-11.23,	2.43) 0.203

												Nervousness -13.56	(-23.22,	-3.89) 0.007

												Lack	of	Energy 0.13	(-2.51,	2.78) 0.921

												Muscle	Cramps -0.27	(-3.92,	3.39) 0.885

												Shortness	of	Breath -1.04	(-5.3,	3.21) 0.627

												Muscle	Soreness -0.18	(-4.9,	4.54) 0.939

												Bone	and	joint	pain 5.34	(-1.03,	11.7) 0.099

												Chest	pain -43.03	(-65.32,	-20.73) <	0.001

												Headache 0.44	(-4.52,	5.39) 0.861

Symptoms	of	Kidney	Disease

Model	1

Model	2

Model	3

Model	4


image15.emf



β	
  (95%	
  CI) P



Instrument	
  A



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time -­‐0.1	
  (-­‐0.25,	
  0.06) 0.218



Instrument	
  B



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting -­‐0.09	
  (-­‐0.53,	
  0.36) 0.696
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐0.93	
  (-­‐2.15,	
  0.28) 0.132
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness 1.15	
  (-­‐0.11,	
  2.4) 0.073
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐0.11	
  (-­‐0.28,	
  0.06) 0.211
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐0.09	
  (-­‐0.6,	
  0.42) 0.725
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath 0.23	
  (0.01,	
  0.44) 0.043
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness -­‐0.01	
  (-­‐0.28,	
  0.26) 0.918
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain -­‐0.05	
  (-­‐0.21,	
  0.1) 0.505
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain 0.38	
  (-­‐0.34,	
  1.1) 0.292
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache -­‐0.02	
  (-­‐0.38,	
  0.34) 0.906



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time -­‐0.08	
  (-­‐0.19,	
  0.04) 0.182



Instrument	
  C



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting 0.17	
  (-­‐0.22,	
  0.55) 0.395
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐0.01	
  (-­‐0.44,	
  0.43) 0.981
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness 0.5	
  (-­‐0.02,	
  1.02) 0.057
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐0.1	
  (-­‐0.23,	
  0.03) 0.138
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐0.04	
  (-­‐0.33,	
  0.25) 0.782
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath -­‐0.15	
  (-­‐0.38,	
  0.08) 0.198
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness -­‐0.04	
  (-­‐0.26,	
  0.19) 0.74
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain -­‐0.33	
  (-­‐0.55,	
  -­‐0.11) 0.004
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain 0.91	
  (-­‐0.66,	
  2.48) 0.253
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache 0.25	
  (-­‐0.2,	
  0.7) 0.268
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Severity
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting -­‐4.33	
  (-­‐8.59,	
  -­‐0.07) 0.046
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea 2.6	
  (-­‐1.85,	
  7.05) 0.248
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness -­‐5.88	
  (-­‐12.53,	
  0.77) 0.082
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐1.56	
  (-­‐3.35,	
  0.24) 0.088
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps 0.68	
  (-­‐1.75,	
  3.12) 0.578
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath 2.88	
  (0.3,	
  5.46) 0.029
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness 0.34	
  (-­‐2.84,	
  3.52) 0.834
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain 4.94	
  (1.36,	
  8.52) 0.007
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain -­‐19.79	
  (-­‐35.1,	
  -­‐4.49) 0.012
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache 0.24	
  (-­‐3.03,	
  3.5) 0.886



Physical	
  Component	
  Score



Model	
  1



Model	
  2



Model	
  3



Model	
  4










β	(95%	CI) P

Instrument	A

												Recovery	Time -0.1	(-0.25,	0.06) 0.218

Instrument	B

												Recovery	Time

												Nausea	and	Vomiting -0.09	(-0.53,	0.36) 0.696

												Diarrhea -0.93	(-2.15,	0.28) 0.132

												Nervousness 1.15	(-0.11,	2.4) 0.073

												Lack	of	Energy -0.11	(-0.28,	0.06) 0.211

												Muscle	Cramps -0.09	(-0.6,	0.42) 0.725

												Shortness	of	Breath 0.23	(0.01,	0.44) 0.043

												Muscle	Soreness -0.01	(-0.28,	0.26) 0.918

												Bone	and	joint	pain -0.05	(-0.21,	0.1) 0.505

												Chest	pain 0.38	(-0.34,	1.1) 0.292

												Headache -0.02	(-0.38,	0.34) 0.906

												Recovery	Time -0.08	(-0.19,	0.04) 0.182

Instrument	C

												Recovery	Time

												Nausea	and	Vomiting 0.17	(-0.22,	0.55) 0.395

												Diarrhea -0.01	(-0.44,	0.43) 0.981

												Nervousness 0.5	(-0.02,	1.02) 0.057

												Lack	of	Energy -0.1	(-0.23,	0.03) 0.138

												Muscle	Cramps -0.04	(-0.33,	0.25) 0.782

												Shortness	of	Breath -0.15	(-0.38,	0.08) 0.198

												Muscle	Soreness -0.04	(-0.26,	0.19) 0.74

												Bone	and	joint	pain -0.33	(-0.55,	-0.11) 0.004

												Chest	pain 0.91	(-0.66,	2.48) 0.253

												Headache 0.25	(-0.2,	0.7) 0.268

												Severity

												Nausea	and	Vomiting -4.33	(-8.59,	-0.07) 0.046

												Diarrhea 2.6	(-1.85,	7.05) 0.248

												Nervousness -5.88	(-12.53,	0.77) 0.082

												Lack	of	Energy -1.56	(-3.35,	0.24) 0.088

												Muscle	Cramps 0.68	(-1.75,	3.12) 0.578

												Shortness	of	Breath 2.88	(0.3,	5.46) 0.029

												Muscle	Soreness 0.34	(-2.84,	3.52) 0.834

												Bone	and	joint	pain 4.94	(1.36,	8.52) 0.007

												Chest	pain -19.79	(-35.1,	-4.49) 0.012

												Headache 0.24	(-3.03,	3.5) 0.886

Physical	Component	Score

Model	1

Model	2

Model	3

Model	4
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β	
  (95%	
  CI) P



Instrument	
  A



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time -­‐0.22	
  (-­‐0.39,	
  -­‐0.04) 0.015



Instrument	
  B



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting -­‐0.21	
  (-­‐0.68,	
  0.25) 0.36
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐2.22	
  (-­‐3.49,	
  -­‐0.95) 0.001
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness 2.22	
  (0.91,	
  3.53) 0.001
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐0.27	
  (-­‐0.45,	
  -­‐0.09) 0.004
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐0.2	
  (-­‐0.73,	
  0.34) 0.461
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath 0.08	
  (-­‐0.15,	
  0.31) 0.501
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness 0.11	
  (-­‐0.17,	
  0.4) 0.421
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain 0.12	
  (-­‐0.04,	
  0.28) 0.14
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain 0.37	
  (-­‐0.38,	
  1.12) 0.331
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache 0.07	
  (-­‐0.31,	
  0.45) 0.712



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time -­‐0.11	
  (-­‐0.23,	
  0.02) 0.093



Instrument	
  C



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
  Time
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting -­‐0.24	
  (-­‐0.63,	
  0.15) 0.22
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea 0.58	
  (0.14,	
  1.02) 0.01
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness -­‐0.15	
  (-­‐0.67,	
  0.38) 0.58
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy -­‐0.08	
  (-­‐0.21,	
  0.05) 0.222
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps 0.09	
  (-­‐0.2,	
  0.39) 0.534
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath 0.06	
  (-­‐0.18,	
  0.29) 0.623
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness -­‐0.17	
  (-­‐0.4,	
  0.06) 0.144
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain -­‐0.16	
  (-­‐0.38,	
  0.07) 0.171
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain 0.35	
  (-­‐1.24,	
  1.94) 0.665
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache 0.51	
  (0.06,	
  0.96) 0.028
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Severity
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nausea	
  and	
  Vomiting -­‐0.43	
  (-­‐4.74,	
  3.88) 0.843
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Diarrhea -­‐4.64	
  (-­‐9.14,	
  -­‐0.13) 0.044
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nervousness 6.74	
  (0,	
  13.48) 0.05
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lack	
  of	
  Energy 0.47	
  (-­‐1.35,	
  2.29) 0.61
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Cramps -­‐1.54	
  (-­‐4.02,	
  0.93) 0.217
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shortness	
  of	
  Breath -­‐0.46	
  (-­‐3.08,	
  2.15) 0.727
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Muscle	
  Soreness -­‐0.3	
  (-­‐3.52,	
  2.92) 0.854
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Bone	
  and	
  joint	
  pain 1.05	
  (-­‐2.57,	
  4.68) 0.565
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Chest	
  pain 3.97	
  (-­‐11.53,	
  19.48) 0.612
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Headache -­‐4	
  (-­‐7.3,	
  -­‐0.69) 0.018



Mental	
  Component	
  Score



Model	
  1



Model	
  2



Model	
  3



Model	
  4










β	(95%	CI) P

Instrument	A

												Recovery	Time -0.22	(-0.39,	-0.04) 0.015

Instrument	B

												Recovery	Time

												Nausea	and	Vomiting -0.21	(-0.68,	0.25) 0.36

												Diarrhea -2.22	(-3.49,	-0.95) 0.001

												Nervousness 2.22	(0.91,	3.53) 0.001

												Lack	of	Energy -0.27	(-0.45,	-0.09) 0.004

												Muscle	Cramps -0.2	(-0.73,	0.34) 0.461

												Shortness	of	Breath 0.08	(-0.15,	0.31) 0.501

												Muscle	Soreness 0.11	(-0.17,	0.4) 0.421

												Bone	and	joint	pain 0.12	(-0.04,	0.28) 0.14

												Chest	pain 0.37	(-0.38,	1.12) 0.331

												Headache 0.07	(-0.31,	0.45) 0.712

												Recovery	Time -0.11	(-0.23,	0.02) 0.093

Instrument	C

												Recovery	Time

												Nausea	and	Vomiting -0.24	(-0.63,	0.15) 0.22

												Diarrhea 0.58	(0.14,	1.02) 0.01

												Nervousness -0.15	(-0.67,	0.38) 0.58

												Lack	of	Energy -0.08	(-0.21,	0.05) 0.222

												Muscle	Cramps 0.09	(-0.2,	0.39) 0.534

												Shortness	of	Breath 0.06	(-0.18,	0.29) 0.623

												Muscle	Soreness -0.17	(-0.4,	0.06) 0.144

												Bone	and	joint	pain -0.16	(-0.38,	0.07) 0.171

												Chest	pain 0.35	(-1.24,	1.94) 0.665

												Headache 0.51	(0.06,	0.96) 0.028

												Severity

												Nausea	and	Vomiting -0.43	(-4.74,	3.88) 0.843

												Diarrhea -4.64	(-9.14,	-0.13) 0.044

												Nervousness 6.74	(0,	13.48) 0.05

												Lack	of	Energy 0.47	(-1.35,	2.29) 0.61

												Muscle	Cramps -1.54	(-4.02,	0.93) 0.217

												Shortness	of	Breath -0.46	(-3.08,	2.15) 0.727

												Muscle	Soreness -0.3	(-3.52,	2.92) 0.854

												Bone	and	joint	pain 1.05	(-2.57,	4.68) 0.565

												Chest	pain 3.97	(-11.53,	19.48) 0.612

												Headache -4	(-7.3,	-0.69) 0.018
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Model	1

Model	2
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