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medication regimens, which often include corticosteroids, can 
increase fluid retention and body fat distribution. After the transplant, 
patients may have increased caloric intake due to increased appetite 
combined with reduced dietary restrictions [8]. In addition, they may 
limit physical activity due to prior inactivity, fear of injuring their 
allograft and unclear post-surgical activity limitations [8,9].

Thus, we sought to examine the extent of weight gain in the post-
transplant cohort in an urban, academic medical center. Building on 
prior work, we sought to determine which factors were associated 
with post-transplant weight gain in our patient cohort and to better 
understand patient behaviors and attitudes surrounding diet and 
exercise to identify possible early interventions to help patients with 
weight management after kidney transplantation.
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Abstract
Background: Weight gain after kidney transplant has been demonstrated to have adverse effects on allograft function and longevity. We sought to 
determine both the prevalence of post-transplant weight gain and factors associated with weight gain.

Methods: We surveyed post-transplant patients about diet and physical activity associated with post-transplant weight changes, and conducted 
a retrospective chart review to determine post-transplant weight changes of a larger post-transplant cohort. We used cross-tabulation, bivariable 
and multivariable logistic regression to examine whether there were any associations between important demographic and clinical categories and 
weight change.

Results: Most of the surveyed patients (n=40) were in the early post-transplant phase (65% of patients <6 months post-transplant, and 87.5% less 
than 2 years post-transplant). Of those surveyed with a recorded weight (n=38), 34% lost weight, 42% maintained their weight, and 24% had gained 
weight. Nearly all (97%) surveyed patients reported exercise was important to the health of their kidneys, although only 43% reported exercising 
more than once a week post-transplant. Those who did exercise regularly were significantly more likely to have post-transplant weight loss (p=0.01). 
In a larger chart review (n=100), 45% of patients gained weight by one-year post-transplant. Weight gain at one year was associated with age less 
than 50 and weight gain at 3 months (both p>0.05).

Discussion: Our findings suggest that early, intensive lifestyle management programs post-transplant can help prevent weight gain. In addition, 
post-transplant providers can focus counseling on implementing and maintaining healthy behavior change, rather than explaining its importance.
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Background
Weight gain after a kidney transplant negatively affects the 

recipient’s health and may impair allograft function and longevity 
[1,2]. Post-transplant weight gain can lead to diabetes, hypertension, 
and excessive allograft hypertrophy due to increased body mass [2,3]. 
Weight gain also contributes to cardiovascular disease, one of the 
leading causes of death after kidney transplantation [4]. Weight gain 
is a major concern for kidney transplant recipients with as many as 
50% of transplant recipients gaining weight [5-7].

While kidney transplant recipients face challenges similar to the 
general population regarding weight gain, they also face unique 
challenges related to their post-transplant status. Anti-rejection 
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Design/Methods
This study consists of both a cross-sectional survey and a 

retrospective chart review of post-transplant patients at a single, urban 
Midwest transplant center. This study was approved by the Institutional 
Review Board (IRB #17-0399).

Survey and population
Patients were enrolled over five weeks from July 2017 to August 

2017 at the University of Chicago renal transplant follow-up clinic. 
Patients were asked to participate if they were over the age of 18, 
received a kidney-only transplant, and appeared in the post-transplant 
clinic for follow-up. Patients who did not speak English had received 
a combined kidney-pancreas transplant, or had weight loss surgery 
before or after transplant were excluded.

Surveys were distributed to patients in the post-transplant clinic. 
Most surveys were self-administered; however, per patient request, 
surveys could be administered verbally. Less than 5 surveys were 
verbally administered. Weight variables were collected from the 
recorded weight for the visit, as well as patient-reported weight on 
the survey. Patient demographic variables including age, sex, race and 
ethnicity were abstracted from the chart.

The survey consisted of 46 multiple choice questions and four 
short answer questions to evaluate patients’ attitudes and behaviors 
regarding weight, physical activity, and nutrition, counseling about diet 
or exercise, and interest in support programs (see Appendix). Survey 
questions were developed based on previous literature [8,10,11].

Chart review
The chart review examined a cohort of 100 patients who received a 

kidney transplant between January 2011 and December 2015, chosen 
by a random number generator from a total list of 195 patients seen in 
the post-transplant clinic.

For the chart review, the selected patients’ medical record numbers 
were used to look up charts in the electronic medical record (Epic 
system). Charts were reviewed for age, sex, race/ethnicity, weight and 
BMI at the date of transplant, 3 months and 1-year follow-up. If an 
exact 3 month or 1-year follow-up appointment was not recorded, the 
next closest appointment date before or after was used. We defined 
3-month appointments as on-time if they occurred at 90+14 days, and 
1-year follow-up appointments as on-time if they occurred at 365+30 
days.

Variables
Our primary outcome of interest was weight change. For Chart 

review data, weight change was calculated at 3 months and 1 year. 
Weight change was calculated by subtracting weight at either 3 months 
or one-year follow-up from the weight on the day of the transplant, 
respectively, then dividing by the initial post-transplant weight. 
Weight change considered clinically significant was a 5 percent or 
greater change in either direction and was classified into the following 
categories: weight gain, weight loss, and no change. Patient weight was 
classified as underweight, normal weight, overweight, obese according 
to BMI category [12]. The race was classified as black, white, or other. 
Age was categorized as less than 50 years old and 50 years old or 
greater, based on the mean age of the sample. Time since transplant 
was categorized as less than 6 months, 6 months to 2 years, or greater 
than 2 years, based on prior literature [10,13].

Data analysis
Statistical tests were completed using STATA software version 14. 

Chi-square tests were run to assess for associations. For survey data, we 
used cross-tabulation; bivariable and multivariable logistic regression 
to examine whether there were any associations between important 
demographic, clinical categories and weight change. Sensitivity 
analyses were conducted with chart review patients who were on time 
for the 3 months and 1-year follow-up visits. Statistical significance 
was considered P<0.05.

Results
Survey sample

The survey cohort included 40 kidney transplant recipients, with a 
mean age of 48.7 ± 11.8. Fourteen (35%) of the participants were female 
and 27 (67.5%) were black. Twenty-six (65%) were surveyed within the 
first six months of transplant and nine (22.5%) were surveyed between 
six months and 2 years of transplant (Table 1).

Weight changes
For the survey, 38 of the 40 respondents had a weight recorded at 

the time of transplant allowing for weight change to be calculated. 
Thirteen people lost weight (34%), 16 (42%) maintained their weight, 
and 9 (24%) gained weight. Overall, 32% of patients reported being 
happy with their weight, and 48% of patients reported wanting to 
lose weight (Table 2). Weight change was significantly associated with 
patient self-reported exercising; individuals with weight loss were 
significantly more likely to report exercising (p<0.05) (Table 3).

Survey Data 
(N = 40)

Chart Review 
Data (N=100)

Sex [n (%)]
Male 26 (65) 64 (64)
Female 14 (35) 36 (36)
Mean Age [m (SD)] 48.7 (11.8) 50.4 (12.6)
Race [n (%)]
Black 27 (67.5) 56 (56)
White 12 (30) 35 (35)
Other 1 (2.5) 9 (9)
Time Since Transplant at Survey [n (%)]
< 6 months 26 (65) -
6 months-2 years 9 (22.5) -
> 2 years 5 (12.5) -
Patient Weight at Survey [n (%)]
Underweight 0 (0) -
Normal Weight 15 (37.5) -
Overweight 8 (20) -
Obese 17 (42.5) -
Patient Weight at Date of Transplant
Underweight - 2 (2)
Normal Weight 12 (32) 27 (27)
Overweight 7 (18) 35 (35)
Obese 19 (50) 36 (36)
Weight Change since Transplant [n (%)] After 1 Year
Lost Weight 13 (34) 5 (5)
No Change 16 (42) 50 (50)
Gained Weight 9 (24) 45 (45)

Table 1: Participant characteristics (Survey and Chart Review).

Weight gain was considered to be an increase in weight by 5% or greater 
and weight loss was considered to be a decrease of 5% or more.
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Surveyed behaviors and attitudes
Fifteen (38%) people reported eating more after transplant, while 7 

(18%) reported eating less after transplant (Table 2). Thirty-two (80%) 
reported a dietary change due to reduced dietary restrictions. Twenty-
two patients (55%) reported any exercise after transplant, with eight 
(20%) reporting exercising at least five times a week and nine (23%) 
reporting exercising 2-4 times a week. Eighteen participants (45%) 
were confident in the types and amount of exercise they were doing. 
Thirty-five people (90%) believed maintaining a healthy weight was 
important to the health of their kidneys and 98% of patients believed 
exercise was important to the health of their kidneys. Nearly 85% of 
patients reported receiving post-transplant counseling on healthy 
eating, and 91% of those found it helpful. About 79% of patients 
received post-transplant counseling on exercise; 67% of those reported 
that it was helpful. The most common intervention types people felt 
would be helpful to supporting healthy dietary changes were mobile 
or online information sources (46%) and working with a dietician 
(48%). For increasing physical activity, the most common intervention 
participants felt would be helpful was having a physical activity partner 
(55%).

Chart review sample
The chart review included 100 patients with a mean age of 50.4 ± 

12.6. Thirty-six (36%) of participants were female and 56 (56%) were 
black. At the time of transplant, 2% were underweight, 27% were 
normal weight, 35% were overweight and 36% were obese (Table 1).

At three months, 23% of patients had lost weight, 54% had no weight 
change, and 23% gained weight. At one-year follow-up 5% of patients 

Has your weight changed since transplant?
No 6 (15)
Yes, gained weight 17 (42)
Yes, lost weight 17 (42)
Are you happy with your current weight?
Yes, I am happy with my current weight 13 (32.5)
No, would like to lose weight 19 (47.5)
No, would like to gain weight 8 (20)
Do you think your weight is important to the health of 
your kidney or overall health?
Yes, to kidney and overall health 34 (87.2)
Yes, to kidney health only 1 (2.6)
Yes, to overall health but it does not affect my kidney 2 (5.1)
No, it is not important to either 2 (5.1)
Did you receive counseling on healthful eating after your 
transplant before discharge?
Yes, I found it helpful 30 (77.0)
Yes, but it was not helpful 3 (7.7)
No, I did not receive nutrition counseling 6 (15.4)
Has someone on your healthcare team discussed 
nutrition during follow up visits?
Yes, at several visits 25 (62.5)
Yes, at one visit 7 (17.5)
No, not at all 6 (15)
Unsure 2 (5)
Do you eat more now than before your transplant?
Yes, I eat more now 15 (37.5)
No, I eat the same as I did before my transplant 18 (45)
No, I eat less than before my transplant 7 (17.5)
Has removal of dietary restrictions since your transplant 
changed how you eat?
Yes, my diet has changed significantly since transplant 12 (30)
Yes, my diet has changed slightly since transplant 20 (50)
No, my diet is the same as before transplant 8 (20)
Do you exercise?
Yes, 5 or more times a week 8 (20)
Yes, 2-4 times a week 9 (22.5)
Yes, less than once a week 5 (12.5)
No, but I plan to begin an exercise program 12 (30)
No, and I do not plan to begin an exercise program 0 (0)
I have not been cleared for post-transplant exercise yet 6 (15)
Do you usually consider exercise to be a factor in the 
health of your kidneys?
Yes, very important 31 (77.5)
Yes, moderately important 8 (20.0)
No, not important 1 (2.5)
Did anyone on your healthcare team talk to you about 
exercise after your transplant?
Yes, I had excellent counseling about exercising after 
transplant 10 (25.6)

Yes, I received some information about exercising after 
transplant 14 (35.9)

Yes, it was mentioned but I did not receive adequate 
information about it 7 (17.9)

No, exercising after transplant was not discussed 8 (20.5)
If yes, did you find exercising counseling helpful?
Yes, it motivated me to exercise or informed me of what I 
should be doing 26 (66.7)

No, it did not motivate me or help me exercise after 
transplant 6 (15.4)

No one talked to me about exercise 7 (17.9)

Table 2: Survey results.

Lost 
Weight (%)

Maintained 
Weight (%)

Gained 
Weight (%) P-Value Chi-Sq

Age
<50 29 44 28

0.63 0.92
≥ 50 41 41 18
Race
Black 27 46 27

0.34 1.96
White/Other 54 33 17
Sex
Male 28 44 28

0.48 1.46
Female 46 38 15
Exercise
No 6 67 28

0.01* 9.32
Yes 50 35 15
BMI category 
at transplant
Normal 
weight 42 50 8

0.19 6.09Overweight 14 29 57
Obese 37 42 21
BMI category 
at Survey
Normal 
weight 21 43 36

0.66 2.44Overweight 43 43 14
Obese 41 41 18

Table 3: Survey-Weight change by patient characteristics and self-
reported behavior.

*Statistically significant finding, p<0.05.
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lost weight, 50% had no weight change, and 45% had gained weight. 
Forty-eight percent of patients were obese, 33% were overweight, and 
19% of patients had a normal BMI. There was no significant association 
between the pre-transplant weight category and post-transplant weight 
change (Table 4). Weight change was significantly associated with age; 
patients over age 50 were more likely to have lost or maintained weight 
at one year, compared to patients under 50 (chi2=6.7, p<0.05). Patients 
who gained weight at three months were significantly more likely to 
have gained weight at one year (extended McNemar’s chi2=88.57, 
p<0.05). In bivariable and multivariable analysis, weight gain at 3 
months is significantly associated with weight gain at 1 year (OR=6.9 
and OR=6.3, p<0.05) (Appendix Table 1).

We conducted a sensitivity analysis on patients who were on time 
(within range) for the 3 months and 1-year follow-up visits. At 3 
months, 80 patients had an on-time visit, and at 1 year 80 patients had 
an on-time visit; 65 patients had both on-time follow-up visits. The 
65 patients in the subsample had a mean age of 50.2 ± 12.6. Twenty-
two (34%) of participants were female and 38 (61%) were black. At the 
time of transplant, 3% were underweight, 28% were normal weight, 
32% were overweight and 37% were obese. At one year 54% had 
maintained weight and 40% had gained weight. Weight gain was not 
significantly associated with age over 50 (chi2=4.1, p=0.13). Patients 
who gained weight at three months were significantly more likely 
to have gained weight at one year (extended McNemar’s chi2=20.2, 
p< 0.05), results not shown. In bivariable analysis, weight gain at 3 
months is significantly associated with weight gain at 1 year (OR=3.60, 
p<0.05). In multivariable analysis, weight gain at 3 months is no longer 
statistically significant (OR=3.46, p<0.58) (Appendix Table 2).

Discussion
In this study of patients at a single urban medical center, we found 

that although the majority of patients maintained or lost weight after 
transplant, almost half (45%) gained weight at one year. Of the surveyed 
sample, most of whom were less than 6 months post-transplant, about 
one-third had lost weight. Previous studies have found that kidney 
transplant is associated with weight gain and significant increases in 
body weight and BMI in the first post-transplant year, with more than 
50% of patients gaining weight [5,7,10]. Weight gain after transplant 
has been correlated with reduced kidney function, indicating the 
importance of helping patients reach healthy body weight post-
transplant [14]. We also found weight gain in the first 3 months was 
associated with increased weight at the end of one year. This highlights 
the importance of early, intensive counseling during the first post-
transplant year to help patients avoid early weight gain.

The majority (80%) of patients reported changes in eating habits 
due to the removal of dietary restrictions, suggesting the post-
transplant period is a key intervention point for the development 
and maintenance of new dietary habits. Our findings are consistent 
with prior work that demonstrates post-transplant dietary changes 
[6,15]. A large proportion of participants reported eating the same 
or less after transplant; however, they may be eating more calorically 
dense food, giving the perception of not eating more while increasing 
energy intake [16]. Most participants reported receiving counseling on 
healthy eating which is encouraging.

Similar to other renal transplant patients studied, the majority 
of our patients are not meeting recommended levels of physical 
activity [17]. While 55% of surveyed patients reported exercising 
after transplant, only 43% reported exercising at least two days a 
week. Those reporting no physical activity were significantly more 
likely to gain weight, suggesting that exercise may be an important 

Lost 
Weight (%)

Maintained 
Weight (%)

Gained 
Weight (%) P-Value Chi-Sq

Age
<50 0 46 54

0.04* 6.66
≥ 50 10 54 37
Race
Black 4 53 44

0.07 9.01White 8 50 42
Other 0 100 0
Sex
Male 5 53 42

0.71 0.69
Female 6 44 50
BMI category 
at transplant
Underweight 0 0 100

0.78 0.78
Normal weight 4 48 48
Overweight 6 56 38
Obese 6 49 49
Weight 
change 
3m post-
transplant
Lost weight 17 74 9

<0.01* 88.57**Maintained 
weight 0 55 45

Gained weight 4 17 78

Table 4: Chart Review-Weight change at one year by demographics.

*Statistically significant finding, p<0.05. **Using extended McNemar’s 
Chi-Sq

Variable Bivariable (OR, 95% 
CI)

Multivariable (OR, 
95% CI)

Female 1.37 (0.60, 3.11) 1.31 (0.52, 3.31)
Age at Transplant, per 1 yr 
increase 0.96 (0.93,  0.99)* 0.96  (0.92, 0.99)*

BMI at Transplant, per 1 
unit increase 0.97  (0.91, 1.05) 0.97 (0.89, 1.06)

Weight Gain at 3 months 6.92 (2.31,  20.76)* 6.29 (2.04, 19.38)*

Appendix Table 1: Chart Review-Odds of Weight Gain at One year (Entire 
Sample n=100).

*Significant p<0.05.  Outcome variable=weight increase >5% at one year 
(yes/no).

Variable Bivariable (OR, 95% 
CI)

Multivariable (OR, 
95% CI)

Female 1.40 (0.50, 3.98) 1.38 (0.43, 4.34)
Age at Transplant, per 1 yr 
increase 0.96 (0.93, 1.01) 0.96 (0.92, 1.01)

BMI at Transplant, per 1 unit 
increase 0.94 (0.86, 1.04) 0.93 (0.96, 12.47)

Weight Gain at 3 months 3.6 (1.04,  12.42)* 3.46 (0.96, 12.47)

Appendix Table 2: Chart Review-Odds of Weight Gain at One year with 
On-time Sample (n=65).

*Significant p<0.05. Outcome variable=weight increase >5% at one year 
(yes/no).
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factor in helping transplant patients prevents weight gain [18]. Most 
(79%) patients reported receiving exercising counseling, with 67% 
of those report finding it helpful. Exercise counseling may need 
to be individualized so that patients know what exercises are 
appropriate and safe after transplant. In addition to counseling, 
patients may also benefit from referral to a post-transplant physical 
rehabilitation program or consulting with an exercise specialist. It 
is also important to address other barriers to exercise, including 
mobility limitations, fear of injuring the kidney, environmental 
factors, and low motivation [9].

Previous studies found patients on the transplant waitlist did not 
consider exercise to be a factor in the health of their kidneys [19]. 
Recent work has shown an association between exercise and slower 
post-transplant eGFR decline [20]. Nearly all (98%) of our surveyed 
patients reported exercise was important to the health of their kidneys 
and 90% believed maintaining a healthy weight was important to the 
health of their kidneys. If patients are already aware of the importance 
of exercise and weight management, healthcare providers can focus 
their clinic time addressing specific physical activity goals and barriers.

When asked about preferences for lifestyle intervention programs, 
most patients reported online resources would be helpful and 
preferred. Directing patients to already available online resources 
related to healthy eating and exercising may provide quick access 
while more specific resources are created for transplant patients. It 
may also be helpful to distribute information sheets about healthy 
eating or beginning an exercise program in a post-transplant clinic. 
Additionally, structured exercise programs and renal rehabilitation 
programs, similar to cardiac and pulmonary rehabilitation programs, 
may benefit patients in the post-transplant period [21-23].

We also found that older age was associated with a lower likelihood 
of weight gain at one year. Our work is consistent with several other 
studies that have found that younger age at transplant is positively 
associated with post-transplant weight gain [10,13,24,25]. Potential 
reasons for lower weight gain in older adults may be due to lower 
steroid dosing post-transplant, having greater leisure time for 
meal preparation and exercise or greater adherence to medical 
recommendations for older patients [26]. Additional qualitative and 
quantitative work is needed to explore this association.

Limitations of this study include a relatively small sample size those 
surveyed skewed toward more recent transplants since those patients 
have more frequent post-transplant appointments. These patients are 
in a critical time where healthy habits can be developed to prevent 
weight gain later. Errors due to participants inaccurately remembering 
or reporting their behaviors during this one-time survey cannot 
be excluded. It was not possible to determine if weight change was 
due to fluid shifts, which is often expected post-transplant as newly 
functioning kidneys rid the body of excess water. For the chart review 
cohort, we were able to capture weight changes at 3 months and one 
year; however, we could not determine why those changes occurred. 
In addition, a large portion of the patients had either their three-
month or one-year follow-up visit outside of the prescribed range; 
however, findings were robust in analysis on the “on-time” subsample. 
Additionally, our sample is a younger, urban, predominately African 
American population so our results may not be generalizable to the 
post-transplant population overall.

Kidney transplant recipients face distinct challenges in addition 
to those the general population faces regarding weight gain. Future 
studies, building on prior work, should more closely evaluate dietary 
and physical activity habits through food journals and activity monitors 

to provide a more detailed look at patient behaviors impacting weight 
changes [27,28]. Prior work examining post-transplant-specific 
tailored exercise plans and diet guidelines has shown improvement 
in both patient-reported and clinical outcomes [21,28,29]. Further 
development and evaluation of a standardized counseling protocol for 
healthcare providers with post-transplant-specific exercise plans and 
diet guidelines may help to engage all patients with lifestyle counseling.
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