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The impact of pretransplant and posttransplant alcohol consumption on outcomes in kidney transplant recipients (KTRs) is uncertain. Self-reported alcohol consumption was obtained at the time of transplant and 2 years after transplant in a prospective cohort study. Among 907 KTRs, 368 (40.6%) were drinkers at the time of transplant. Compared to non-drinkers, alcohol consumption did not affect the risk of death-censored graft failure (DCGF), biopsy-proven acute rejection (BPAR), cardiovascular events, or all-cause mortality. Compared to persistent non-drinkers, the development of DCGF, BPAR, cardiovascular events, all-cause mortality, or posttransplant diabetes mellitus was not affected by the alcohol consumption pattern (persistent, de novo, or stopped drinking) over time. However, de novo drinkers had a significantly higher total cholesterol (p < 0.001) and low-density lipoprotein cholesterol levels (p = 0.005) compared to persistent non-drinkers 5 years after transplant, and had significantly higher total cholesterol levels (p = 0.002) compared to the stopped drinking group 7 years after transplant, even after adjusting for the use of lipid-lowering agents, age, sex, and body mass index. Although pretransplant and posttransplant alcohol consumption were not associated with major outcomes in KTRs during the median follow-up of 6.0 years, a new start of alcohol use after KT results in a relatively poor lipid profile.
Clinical Trial Registration: clinicaltrials.gov, identifier NCT02042963.
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INTRODUCTION
Though previous studies have reported that moderate alcohol consumption is associated with the improvement of some lipid profiles (1–3), as well as a reduced risk of cardiovascular events (4–6), including myocardial infarction, stroke, and heart failure, and mortality (7, 8) in the general population, recent evidence suggests that there is no safe level of moderate drinking in terms of mortality (9). However, robust evidence is lacking as to whether the potential protective effect of moderate alcohol use can be generalized to kidney transplant recipients (KTRs), or whether alcohol is an acceptable beverage for KTRs in terms of transplant outcomes. It is important to identify the effects of alcohol consumption in KTRs because transplant patients are on immunosuppressants; alcohol use may affect the metabolism of immunosuppressive agents and, thus, transplant outcomes. Alcohol metabolism by the cytochrome P450 enzyme system (CYP2E1) may be a potent enzyme inducer, and immunosuppressants are metabolized by CYP3A4; therefore, alcohol use may result in unexpected variation in immunosuppressant levels (10, 11). Moreover, KTRs have a large burden of cardiovascular complications, so it is necessary to determine the effects of alcohol consumption.
The Kidney Disease Improving Global Outcome (KDIGO) clinical practice guidelines do not provide specific guidance on alcohol consumption in KTRs (12). Surprisingly, relatively few studies have reported the effects of pretransplant (13, 14) or posttransplant (15, 16) alcohol use in KTRs, and these few have reported inconsistent results in terms of recipient mortality (13, 16). Furthermore, the impact of pretransplant and posttransplant alcohol consumption over time on major outcomes, including kidney graft survival, patient survival, biopsy-proven acute rejection (BPAR), cardiovascular events, kidney function, and glucose and lipid metabolism, has not been explored in KTRs in a prospective study design.
The present study was prospective multicenter longitudinal cohort study aiming to determine the association between pretransplant and posttransplant alcohol consumption and comprehensive outcomes in KTRs.
METHODS
Study Participants
A total of 1,080 incident KTRs were enrolled from the Korean Cohort Study for Outcome in Patients with Kidney Transplantation (KNOW-KT) between 2012 and 2016 and followed up until 2020 (clinicaltrials.gov, identifier NCT02042963). After excluding 173 KTRs who had insufficient information on baseline alcohol consumption, 907 KTRs were included in this study. Among 598 KTRs with available alcohol information 2 years after transplant, 286 (47.8%) and 140 (23.4%) KTRs remained as persistent non-drinkers and persistent drinkers, respectively, and 71 (11.9%) KTRs became de novo drinkers and 101 (16.9%) KTRs stopped drinking (Figure 1).
[image: Figure 1]FIGURE 1 | Flow chart of study inclusion.
Alcohol Consumption
Self-reported alcohol consumption was obtained from KTRs at the time of transplant and 2 years after transplant in a prospective multicenter longitudinal cohort study. Participants were asked how often they drank during the year prior to the transplant and how many drinks they drank at one time. KTRs were categorized as non-drinkers and drinkers based on baseline alcohol consumption, and alcohol consumption was categorized into two groups: moderate and heavy drinkers. The criteria for heavy drinking defined by the National Institute on Alcohol Abuse and Alcoholism (NIAAA) are as follows: for men, consuming more than four drinks on any day or more than 14 drinks per week; for women, consuming more than three drinks on any day or more than seven drinks per week (17). Pretransplant and posttransplant alcohol consumption over time was used to categorize KTRs as persistent non-drinker, persistent drinker, de novo drinker, and stopped drinking.
Outcomes
Outcomes included death-censored graft failure (DCGF), biopsy-proven acute rejection (BPAR), cardiovascular events, all-cause death, estimated glomerular filtration rate (eGFR), serum creatinine, posttransplant diabetes mellitus (PTDM), and lipid profiles. DCGF was defined as dialysis or new kidney transplant. BPAR was defined as biopsy-proven acute T cell-mediated rejection or acute antibody-medicated rejection. The Modification of Diet in Renal Disease (MDRD) study equation was used to calculate the eGFR. Cardiovascular events included myocardial infarction, unstable angina, percutaneous coronary intervention, coronary artery bypass grafting, and stroke.
Other Variables
Possible confounders for DCGF and BPAR were recipient age, donor age, recipient sex, donor sex, recipient body mass index (BMI) (18), diabetes, deceased-donor kidney transplantation (DDKT), re-transplantation, desensitization (direct crossmatch (+) plus donor-specific antibodies (+), direct crossmatch (-) plus donor-specific antibodies (+), or ABO-incompatible kidney transplantation), total number of human leukocyte antigen (HLA) mismatches, and antithymocyte globulin induction. Possible confounders for cardiovascular events and all-cause mortality were recipient age, recipient sex, recipient BMI, diabetes, hypertension, coronary artery disease, cerebrovascular disease, total cholesterol, high-density lipoprotein (HDL) cholesterol, DDKT (19), re-transplantation, desensitization, total number of HLA mismatches, antithymocyte globulin induction, use of cyclosporine or inhibitor of the mammalian target of rapamycin (sirolimus or everolimus), and steroid dose 1 year after transplantation. Possible confounders for PTDM included recipient age, recipient sex, recipient BMI, baseline HbA1c, total cholesterol, low-density lipoprotein (LDL) cholesterol, HDL cholesterol, triglycerides (TGs), re-transplantation, desensitization, total number of HLA mismatches, and antithymocyte globulin induction.
Statistical Analysis
Continuous variables were expressed as mean ± standard deviation or a median with the interquartile range (IQR). Intergroup differences were assessed by independent sample t-tests, chi-squared tests, and analysis of variance as appropriate. The Cox proportional hazards model was used to analyze the association between alcohol consumption and the development of DCGF, BPAR, cardiovascular events, or all-cause death. Logistic regression analysis was used to examine the association between alcohol consumption and the development of PTDM because posttransplant diabetes mellitus was recorded by annual follow-up after kidney transplantation and the exact date and year of occurrence could not be specified. A generalized linear mixed model with random slopes was used to determine the annual change in eGFR and serum creatinine by alcohol consumption group. Analysis of variance and the general linear model were used to determine between-group differences in the annual eGFR and lipid profiles, respectively. In the case of an overall F-test p < 0.05 when comparing the entire group, the comparison between the two groups was confirmed by Bonferroni’s post hoc method. The post hoc p-value adds six comparisons at the significance level of 0.05, so if the post hoc p-value was <0.0083, it was considered significant. When comparing outcomes between persistent non-drinkers, persistent drinkers, de novo drinkers, and KTRs who stopped drinking, events that occurred within 2 years posttransplant were excluded. Statistical analyses were performed using the SAS system for Windows, version 9.4 (SAS Institute Inc., Cary, NC, United States) and R (R Foundation for Statistical Computing, Vienna, Austria; www.r-project.org). p < 0.05 was considered significant.
RESULTS
Baseline Characteristics
Table 1 shows the baseline characteristics according to baseline alcohol consumption. Among 907 eligible KTRs, 539 (59.4%) were non-drinkers and 368 (40.6%) were drinkers at the time of transplantation. Among the drinkers, 77.4% were moderate drinkers and 22.6% were heavy drinkers. Drinkers were significantly younger, tended to be male, had a higher proportion of diabetes and a lower proportion of coronary artery disease, were less likely to have received desensitization, and had lower total cholesterol levels compared to non-drinkers. We observed no significant differences in immunosuppressant types, doses, and drug concentrations at the time of discharge and 1 year after kidney transplantation between non-drinkers, moderate drinkers, and heavy drinkers.
TABLE 1 | Baseline characteristics.
[image: Table 1]Alcohol Consumption and Major Outcomes
During a median follow-up of 6.0 (IQR 4.9–7.0), 5.9 (IQR 4.7–7.0), 6.0 (IQR 5.0–7.0), and 6.1 (IQR 5.1–7.0) years, 46 DCGFs, 102 BPARs, 36 cardiovascular events, and 21 all-cause deaths occurred, respectively. Multivariate Cox regression analysis demonstrated no significant differences in the risk of DCGF, BPAR, cardiovascular events, or all-cause death between non-drinkers and drinkers (Table 2). Comparing non-drinkers, moderate drinkers, and heavy drinkers also showed consistent results. No significant differences in the risk of DCGF, BPAR, cardiovascular events, or all-cause death were observed between persistent non-drinkers and persistent drinkers, between persistent non-drinkers and de novo drinkers, or between persistent non-drinkers and KTRs who stopped drinking (Table 3).
TABLE 2 | Adjusted hazard ratios (aHRs) for death-censored graft failure (DCGF), biopsy-proven acute rejection (BPAR), cardiovascular events, and all-cause death based on pretransplant alcohol consumption.
[image: Table 2]TABLE 3 | Adjusted hazard ratios (aHRs) for death-censored graft failure (DCGF), biopsy-proven acute rejection (BPAR), cardiovascular events, and all-cause death based on pretransplant and posttransplant alcohol consumption.
[image: Table 3]Table 4 shows the annual changes in eGFR and serum creatinine according to pretransplant alcohol consumption. Compared to non-drinkers, no significant annual changes in eGFR and serum creatinine were observed in moderate drinkers and heavy drinkers, or when taking all drinkers. No significant differences in annual eGFR were observed between persistent non-drinkers, persistent drinkers, de novo drinkers, and KTRs who stopped drinking (Figure 2).
TABLE 4 | Annual change in the estimated glomerular filtration rate (eGFR) and serum creatinine (sCr) levels according to pretransplant alcohol consumption.
[image: Table 4][image: Figure 2]FIGURE 2 | Annual estimated glomerular filtration rates (eGFRs) between groups based on alcohol consumption over time. No significant differences were observed between persistent non-drinkers, persistent drinkers, de novo drinkers, and the stopped drinking group.
Alcohol Consumption, PTDM, and Lipid Profiles
Compared to the group of persistent non-drinkers, persistent drinkers, de novo drinkers, and KTRs who stopped drinking were not significantly associated with the development of PTDM (Table 5). Figure 3 shows the results of the general linear model for the relationships between alcohol consumption over time and total cholesterol, LDL cholesterol, HDL cholesterol, and TGs after adjusting for the use of lipid-lowering agents, age, sex, and BMI. 5 years after transplant, there were significant differences between the groups in total cholesterol levels (p = 0.007) and LDL cholesterol levels (p = 0.044). In particular, the total cholesterol levels (192.7 ± 4.7 mg/dl vs. 174.5 ± 2.5 mg/dl, p < 0.001) and LDL cholesterol levels (104.4 ± 4.1 mg/dl vs. 91.4 ± 2.2 mg/dl, p = 0.005) were significantly higher in de novo drinkers than in persistent non-drinkers. 7 years after transplant, there was a significant difference between the groups in total cholesterol levels (p = 0.022). In particular, the total cholesterol levels were significantly higher in de novo drinkers than in the group that stopped drinking (196.1 ± 8.6 mg/dl vs. 160.0 ± 7.7 mg/dl, p = 0.002).
TABLE 5 | Adjusted odds ratios (aORs) for posttransplant diabetes mellitus among kidney transplant recipients without pretransplant diabetes mellitus.
[image: Table 5][image: Figure 3]FIGURE 3 | Lipid profiles [(A) Total cholesterol, (B) LDL cholesterol, (C) HDL cholesterol, (D) TGs] based on alcohol consumption over time after adjusting for the use of lipid-lowering agents, age, sex and BMI. 5 years after transplant, total cholesterol levels (p = 0.007) and LDL cholesterol levels (p = 0.044) significantly differed between the groups. In particular, total cholesterol levels (p < 0.001) and LDL cholesterol levels (p = 0.005) were significantly higher in de novo drinkers than in persistent non-drinkers. 7 years after transplant, total cholesterol levels significantly differed between the groups (p = 0.022). In particular, total cholesterol levels were significantly higher in de novo drinkers than in the stopped drinking group (p = 0.002). *indicates significant difference between de novo drinkers and persistent non-drinkers (p < 0.0083). ** indicates significant difference between de novo drinkers and the stopped drinking group (p < 0.0083).
DISCUSSION
In this prospective longitudinal cohort study, pretransplant alcohol consumption did not affect the risk of major outcomes, including DCGF, BPAR, cardiovascular events, or all-cause mortality, or annual changes in eGFR over a median follow-up of 6.0 years. The risk of major outcomes was not different according to the amount and frequency of alcohol consumption. Considering posttransplant alcohol consumption, compared to persistent non-drinkers, the development of DCGF, BPAR, cardiovascular events, all-cause mortality, or PTDM was not affected by the alcohol consumption pattern over time, including persistent drinking, de novo drinking, and stopped drinking. However, de novo drinkers had significantly higher total cholesterol and LDL cholesterol levels compared to persistent non-drinkers 5 years after transplant, and had significantly higher total cholesterol levels compared to the group that stopped drinking 7 years after transplant, even after adjusting for the use of lipid-lowering agents, age, sex, and BMI.
The prevalence of alcohol consumption at the time of transplantation (40.6%) in our study was relatively lower than the posttransplant alcohol consumption in previous kidney transplant studies (52%–52.8%) (15, 16). Compared to the prevalence of current drinkers in the general population [80%–100% in South Korean men and 60%–79.9% in South Korean women (9), 60% of Koreans drank at least once a month according to the Korea National Health and Nutrition Examination Survey 2013 (20)], considerably lower alcohol drinking rates in KTRs may reflect that the patients themselves are refraining from drinking for medical reasons or upon the advice of physicians. As for the effects of alcohol consumption on patient survival, prior studies have reported conflicting results depending on alcohol consumption before or after transplantation. One retrospective study including 425 KTRs with alcohol dependence before transplantation and 60,532 KTRs who did not use alcohol reported that pretransplant alcohol dependency is a risk factor for graft failure and patient death (13). A retrospective study of more than one million patients with kidney failure also presented that abuse of alcohol, tobacco, or drugs is associated with graft failure, but the effect of alcohol use alone was not reported (14). However, another prospective study including 600 KTRs demonstrated that moderate alcohol consumption (10–30 g/day) posttransplant is associated with a reduced risk of mortality in KTRs (16). In contrast to the results from previous studies, neither pretransplant not posttransplant alcohol use was associated with graft failure and recipient death in our study. Previous studies have not clearly identified the frequency of alcohol consumption; the various results may be due to differences in the distribution of the frequency of alcohol among heavy drinkers. Although we adjusted for considerable risk factors associated with graft failure and mortality in this study, differences in other traditional risk factors, such as smoking may affect the results.
The influence of alcohol consumption on BPAR and kidney allograft function in KTRs is still not clearly defined. Although low adherence to immunosuppressive agents has been associated with heavy drinking and dependence (21, 22), pretransplant and posttransplant alcohol consumption did not increase the risk of BPAR in KTRs in this study. This could be explained by the fact that the proportion of heavy-frequent drinkers was not high. With regard to the association between alcohol consumption and kidney function in the general population, previous studies have reported inconsistent results. No adverse outcome or protective effect of moderate alcohol consumption on kidney function has been shown in general population studies, but a decreased risk of the development of chronic kidney disease has been reported (23–26). However, other studies reported that a daily alcohol intake of 30 g or more is an independent risk factor for the development of albuminuria (27), 2 units of alcohol per day or more increases the risk of kidney failure (28), and that alcohol use has an adverse impact on kidney function (29–31). The lack of an significant association between pretransplant and posttransplant alcohol consumption and the changes in the annual kidney function in this study may also be related to the lower proportion of heavy-frequent drinkers or other stronger immunological and demographic factors than alcohol itself.
The protective effect of moderate alcohol consumption on cardiovascular disease in the general population was previously assumed to be due to alcohol-associated increases in HDL cholesterol and apolipoprotein A1 levels (32, 33), increased insulin sensitivity (34, 35), and reduced platelet aggregation (36). One kidney transplant study reported that moderate alcohol consumption (10–30 g/day) is associated with a low prevalence of PTDM (16). In contrast to our expectations and the results from previous studies, no association was found between pretransplant and posttransplant alcohol consumption and PTDM, and de novo drinkers had higher total cholesterol and LDL cholesterol levels than persistent non-drinkers or the stopped drinking group, even after adjusting for several related factors. Although it is difficult to determine the exact mechanism underlying this result, we cannot completely rule out the possibility that relatively higher lipid profiles in de novo drinkers are related to other unhealthy life style patterns that develop after transplantation, as well as the effects of alcohol itself.
In this study, we found significant differences in total cholesterol levels and LDL cholesterol levels between de novo drinkers and non-drinkers, but we found no significant differences between persistent drinkers and non-drinkers. This is probably due to the difference between the two groups in the amount of alcohol consumed each year after kidney transplantation. Changes in the alcohol consumption patterns of persistent drinkers were confirmed; initially, 23.6% were heavy drinkers, but this decreased to 13.6% in the second year after kidney transplantation. To clarify this, information on the amount of alcohol consumed each year after kidney transplantation will be needed in both groups. Unfortunately, in this prospective study, information on the amount of alcohol consumed each year after kidney transplantation was not obtained, so it is difficult to fully explain this with current data alone.
This study has some limitations. First, the information on alcohol use relied on self-reporting, which is susceptible to inaccurate recall or a desire to give socially acceptable answers, ultimately underestimating alcohol consumption (37–39). Second, no information was obtained regarding the type of alcohol consumed by participants. Third, because alcohol consumption was investigated based on the prior year at the time of transplant, it is possible that remote former drinkers were classified as non-drinkers. Fourth, the response rate to alcohol consumption 2 years after transplantation was 65.9%, which was not very high. Therefore, the distribution of groupings over time with alcohol consumption may not accurately reflect changes in the actual alcohol consumption pattern. Fifth, considering racial and ethnic differences in alcohol metabolism (40), the results of the present study have limited generalizability because this study included only an Asian kidney transplant population. Finally, although pretransplant and posttransplant alcohol consumption were not associated with major outcomes, including DCGF, BPAR, cardiovascular events, and all-cause death in KTRs, this study did not confirm the long-term safety of alcohol consumption in terms of other alcohol-related medical problems, such as alcohol use disorder, liver disease, or cancer (9).
Nevertheless, this study has definite strengths. Few alcohol-related research studies have been conducted in kidney transplant populations compared to the general population, and all of them have used cross-sectional alcohol consumption information. Our results were obtained from a prospective multicenter study including consecutive incident KTRs. Furthermore, this study explored both pretransplant and posttransplant alcohol use, including the amount and frequency, for the first time to evaluate the impact on adverse outcomes, which extended our knowledge. Lastly, the number of participants was considerable and the median follow-up duration considerably long.
In conclusion, although pretransplant and posttransplant alcohol consumption is not associated with major outcomes in KTRs, a new start of alcohol use after kidney transplantation results in a relatively poor lipid profile. As dyslipidemia can be associated with cardiovascular events and mortality in the long-term, the results of this study should be kept in mind when monitoring KTRs to optimize long-term transplant outcomes. Furthermore, this study did not confirm the long-term safety of alcohol in terms of other alcohol-related medical problems, such as alcohol use disorder, liver disease, or cancer, and assessment of the effects of alcohol consumption on KTRs should proceed with caution. Larger and longer-term studies will be needed to develop firm guidelines on alcohol use by KTRs.
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