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Abstract

Metabolic syndrome is associated with long-term morbidity and mortality after adult liver 

transplant (LT). Whether pediatric LT recipients have a higher prevalence of metabolic syndrome 

remains controversial. In a cross-sectional study, we evaluated pediatric LT recipients aged 8–30 

years using National Health and Nutrition Examination Survey (NHANES) protocols. LT 

recipients were matched by gender, race/ethnicity, and age with controls from NHANES. Pediatric 

LT recipients (n=83), after adjusting for overweight/obesity and glucocorticoid use, had increased 

prevalence of pre-hypertension and hypertension, impaired glucose tolerance (IGT; 2-hour glucose 

after oral glucose tolerance test ≥ 140mg/dL), and low HDL than matched NHANES controls 

(n=235) despite a lower prevalence of overweight/obesity. Among LT recipients, the adjusted odds 

of IGT doubled for every 7.5 years on calcineurin-inhibitors (CNIs, OR 2.10, 95% CI 1.06–4.17 

per 7.5 years on CNIs, p=0.03). Among all subjects with IGT, LT recipients had a lower 

prevalence of overweight/obesity and less insulin resistance (HOMA-IR) than controls with IGT. 

Among normal weight subjects, LT recipients were significantly more likely than controls to have 

pre-hypertension/hypertension, IGT, low HDL, and metabolic syndrome. Pediatric LT recipients 

have unique metabolic syndrome profiles and risk factors, and will require tailored screening and 

management protocols.

Introduction

Ten year survival after pediatric liver transplantation exceeds 80%. (1) To optimize 

outcomes in pediatric liver transplant (LT) recipients, attention to chronic medical conditions 

that impact long-term morbidity is crucial. Metabolic syndrome is a cluster of factors 

associated with long-term morbidity and mortality in adult LT recipients. (2) Whether 
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pediatric LT recipients have a higher prevalence of metabolic syndrome and its components 

than non-transplanted peers has been debated, (3,4) but not yet investigated in a cohort with 

matched controls.

Strict definitions of metabolic syndrome for both adults and children include elevated waist 

circumference, hypertension, elevated serum triglycerides, low high-density lipoprotein 

(HDL), and impaired glucose metabolism as its components, although cutoffs have not been 

codified in children. (5,6) Overweight or obesity by body mass index (BMI) is sometimes 

substituted for waist circumference, especially in pediatric studies. (7,8)

Recent retrospective reviews of pediatric LT recipients have demonstrated relatively high 

prevalence of overweight/obesity and other components of metabolic syndrome.(3,9,10) 

However, these reports are largely based on data collected sporadically during clinical care 

rather than systematically for research purposes and have not included matched control 

groups. Furthermore, pediatric LT recipients do not typically undergo rigorous evaluation for 

pre-diabetes, an important component of metabolic syndrome tied to long-term morbidity. 

Pre-diabetes is defined by the American Diabetes Association as either elevated fasting 

glucose (fasting glucose; ≥100mg/dL) or impaired glucose tolerance (IGT; ≥140mg/dL 2 hrs 

after glucose load).(11)

This is the first study to investigate metabolic syndrome and glucose metabolism in pediatric 

LT recipients using standardized research protocols and matched controls. We hypothesized 

that overweight/obesity and exposure to immunosuppression agents, specifically 

glucocorticoids and calcineurin inhibitors (CNIs), would increase the prevalence of 

metabolic syndrome components among LT recipients compared to non-transplanted peers.

Methods

This study was approved by UCSF’s Committee on Human Research (IRB 12-10290). Our 

LT cohort was evaluated in a cross-sectional study of pediatric LT recipients aged 8–30 years 

at the time of study visit. All subjects underwent first LT prior to age 18, were at least 1 year 

from last LT, were on stable immunosuppressive regimens, and had no known diabetes at 

time of enrollment. After age-appropriate consent and assent were obtained, subjects were 

evaluated in UCSF’s Pediatric Clinical Research Center or during inpatient admission for a 

surveillance liver biopsy. Patients who underwent surveillance biopsy were at least 5 years 

from transplant with no rejection in more than 1 year (n=39)All had height, weight, and 

anthropometrics measured using the National Health and Nutrition Examination Survey 

(NHANES) 2011 Anthropometry Procedures protocols (http://www.cdc.gov/nchs/nhanes/

nhanes2011-2012/manuals11_12.htm). Waist circumference was measured twice to enable 

calculation of a mean value. Blood pressure was measured three times sitting, using a digital 

sphygmomanometer, with at least 5 minutes of rest preceding each measurement, also 

following NHANES 2011 protocols; a mean value was calculated for both systolic and 

diastolic blood pressure. Fasting serum was obtained after at least an 8-hour fast. Oral 

glucose tolerance testing was performed with weight-based glucose load (1.75 gram/kg to 

maximum 75 grams), following the NHANES 2011 Oral Glucose Tolerance Testing 

(OGTT) protocols (http://www.cdc.gov/nchs/nhanes/nhanes2011-2012/manuals11_12.htm).
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LT recipients were matched by gender, race/ethnicity, and age (± 1 year) with 3 controls 

from NHANES 2009–2010 and 2011–2012 cohorts. NHANES is a bi-annual, nationally 

representative cross-sectional study of children and adults in the U.S. administered by the 

Centers for Disease Control and Prevention. We used publically available, person-level data 

from the most recent surveys available at the time of data analysis (http://www.cdc.gov/nchs/

nhanes/nhanes_questionnaires.htm, accessed 8/14/2015). Four LT had only two matched 

controls, and five had one matched control because of limited availability of younger 

controls whose race/ethnicity was classified as Asian or Other.

NHANES only performs fasting serum samples and oral glucose tolerance testing on 

children 12 years and older. Thus, children younger than 11 were matched with 12 year-old 

controls and sensitivity analyses excluding them from the modeling were performed; results 

of this sensitivity analysis are reported when they differ significantly from whole-cohort 

results. Only NHANES subjects with body mass index (BMI), blood pressure, and all 

laboratory values of interest available were included as potential controls. For both LT and 

NHANES subjects, only oral glucocorticoids were counted as current glucocorticoid use; 

topical and inhaled steroids were not included. NHANES protocols were approved by the 

National Center for Health Statistics, with informed consent obtained from all participants.

Abnormal values of metabolic syndrome components were defined on previously published 

standards that were age and other demographic specific whenever possible. (Supplemental 

Table 1) For subjects younger than 18 years at study visit, BMI percentile for age and gender 

was calculated based on 2000 CDC growth chart data. (12) Subjects were classified as 

overweight if their BMI percentile was 85th–94th percentile for age and gender and obese if 

their BMI percentile was ≥ 95th percentile. (13) Elevated waist circumference was 

considered ≥ 90th percentile for age and gender. (8,14) Systolic and diastolic hypertension 

were defined as use of anti-hypertensives or blood pressure greater than the 95th percentile 

for gender, age, and height; pre-hypertension included those with blood pressure percentiles 

90–94th percentile. (8,15)

Obesity and hypertension in subjects 18 years or older were classified according to adult 

guidelines. Overweight was considered BMI 25–29.9kg/m2 and obese BMI ≥ 30 kg/m2. 

Elevated waist circumference was ≥ 88 cm for females and ≥ 102 cm for males.(14) 

Hypertension was defined as use of anti-hypertensives or systolic blood pressure ≥ 140 

mmHg; diastolic ≥ 90mmHg. Pre-hypertension included those with systolic ≥ 120 mmHg; 

diastolic ≥ 80mmHg.(8)

Elevated lipids for all subjects represented values at or above the 75th percentile for children 

and young adults.(8) The cutoffs for elevated lipids were as follows: triglycerides ≥ 

75mg/dL for children 9 or younger and ≥ 90 mg/dL for those 10 or older; low-density 

lipoprotein (LDL) > 110 mg/dL, and total cholesterol ≥ 170mg/dL. Low HDL was ≤ 40 

mg/dL, which represents the 10th percentile. (8) Elevated fasting glucose was considered at 

least 100 mg/dL and IGT ≥ 140mg/dL two hours after glucose load, following American 

Diabetes Association definitions. (11)
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HOMA-IR is a measure of insulin resistance, and was calculated as (fasting glucose, mg/dL 

× fasting insulin, mU/L)/405. (16) HOMA-IR > 3.16 is considered insulin resistant in 

children and adolescents. (17) HOMA-%B is a measure of pancreatic β-cell function, with 

100% considered “normal,” and is calculated as = (360 × fasting insulin, mg/dL/fasting 

glucose, mU/L – 63). (16)

We defined metabolic syndrome as the presence of three or more of the following: (1) 

elevated waist circumference, (2) systolic or diastolic hypertension, (3) elevated 

triglycerides, (4) low HDL, (5) elevated fasting glucose or IGT. (7,8)

Statistical analyses

A p-value < 0.05 was considered statistically significant in all analyses. Categorical 

variables were compared using McNemar’s chi-squared tests; continuous variables were 

compared using Student’s t-test with unequal variances for normally distributed variables 

and Kruskal-Wallis tests for skewed variables. Conditional fixed-effects logistic regression 

was used for multivariate analysis to account for matching. Ordinal IGT risk by years on 

CNIs in the LT group was evaluated using a 1 degree-of-freedom test for trend. All statistical 

analysis was done with Stata 12 (College Station, TX).

Results

The cohort included 83 pediatric LT recipients and 235 matched NHANES controls. 

(TABLE 1) The LT subjects ranged in age from 8.0 to 29.0 years of age and from 1.0 to 23.6 

years since transplant. The majority were on tacrolimus monotherapy. (TABLE 1) Of the 5% 

on glucocorticoids, all 4 were on ≤5mg prednisone daily.

Only two LT recipients were on anti-hypertensives at study visit: one had controlled 

hypertension but the other, who was on steroids, exhibited systolic hypertension. Neither 

was overweight/obese. One LT recipient with normal weight developed insulin-dependent 

diabetes post-transplant; he had elevated fasting blood glucose but fasting glucose was not 

measured. One LT recipient was on sirolimus and had elevated LDL and total cholesterol, 

but normal HDL and triglycerides.

The cohort also included four liver-kidney transplant recipients, two transplanted for 

congenital hepatic fibrosis with polycystic kidney disease and two for primary 

hyperoxaluria. All four were receiving tacrolimus (mean trough 4.77 μg/L, SD 0.94 μg/L), 

and one was taking prednisone 5mg daily. None of the four liver-kidney recipients required 

anti-hypertensives or had systolic or diastolic hypertension at study visit.

Prevalence of metabolic syndrome components in LT and controls

In univariate analysis, LT recipients were less likely to be overweight/obese or have an 

elevated waist circumference than matched NHANES controls. They were more likely to 

have both systolic and diastolic pre-hypertension or hypertension and low HDL, but less 

likely to have elevated total cholesterol or LDL. (TABLE 2) Of all subjects with elevated 
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waist circumference, 93% of LT recipients and 100% of NHANES controls were also 

overweight/obese by BMI.

In LT recipients, blood glucose 2-hours after glucose challenge was significantly higher than 

in controls (127 ± 30 vs 99 ± 24 mg/dL, p<0.001), and IGT was significantly more common 

(30% vs 6%; p<0.001). (TABLE 2) However, there were no differences in fasting glucose 

levels (92 ± 7 vs 93 ± 8 mg/dL, p=0.24) or the prevalence of fasting glucose elevation (19% 

vs 19%; p=0.98). (TABLE 2) There was no difference in metabolic syndrome prevalence 

between LT recipients and controls. (TABLE 2)

Accounting for matching and adjusting for overweight/obesity and glucocorticoid use 

confirmed that LT recipients are at higher risk for systolic and diastolic pre-hypertension/

hypertension, IGT, and low HDL despite a lower risk of overweight/obesity. (TABLE 2) LT 

recipients had lower adjusted odds of other dyslipidemias after adjustment. (TABLE 2)

In sensitivity analysis excluding liver-kidney recipients and their matched controls, 

unadjusted and adjusted odds ratios’ (OR) directionality, magnitude and significance did not 

change (data not shown). Sensitivity analysis excluding subjects with only 1–2 matched 

controls (n=9 LT, 13 controls) also revealed no changes in adjusted or unadjusted models 

(data not shown).

In subgroup analysis considering only LT recipients with AST and ALT ≤ 40 IU/L(n=50) 

and their matched controls (n=145), LT recipients still had a significantly higher prevalence 

of IGT (OR 5.59, 1.70–18.42, p=0.005) despite a lower risk of overweight/obesity (OR 0.41, 

95% CI 0.19–0.87, 0.02) with no significant difference in prevalence of elevated fasting 

glucose (OR 1.32, 95% CI 0.54–3.21, p=0.54) after adjusting for overweight/obesity and 

corticosteroids,. In this smaller sample, there were no longer significant differences in the 

risk of low HDL (OR 2.08, 0.90–4.82, p=0.09), systolic pre-hypertension or hypertension 

(OR 1.29, 95% CI 0.40–4.15, p=0.67), or diastolic pre-hypertension or hypertension (OR 

2.85, 95% CI 0.64–12.79, p=0.17) in adjusted models.

Risk of metabolic syndrome in LT compared to controls differs by weight 

status

In analysis restricted to normal weight subjects, LT recipients were significantly more likely 

than NHANES controls to have pre-hypertension/hypertension (28% vs. 10%, p=0.002), 

IGT (30% vs. 4%, p<0.001), low HDL (33% vs. 10%, p<0.001), and metabolic syndrome 

(7% vs. 1%, p=0.02). (FIGURE 1)

Among all overweight/obese subjects, a larger proportion of LT recipients than NHANES 

controls had IGT (30% vs. 9%, p=0.01), again without a significant difference in elevated 

fasting glucose prevalence (18% vs. 29%, p=0.30). The prevalence of metabolic syndrome 

was similar among LT and NHANES controls (36% vs 32%) (p=0.76). (FIGURE 1)

In both the normal weight and overweight/obese groups, LT recipients had a substantially 

lower prevalence than NHANES controls of both elevated total cholesterol (normal weight: 
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2% vs. 20%, p=0.001; overweight/obese: 5% vs. 24%, p=0.04) and elevated LDL (normal 

weight: 2% vs. 11%, p=0.03; overweight/obese: 5% vs. 18%, p=0.12).

Among the 50 LT recipients with AST and ALT ≤ 40 IU/L and their matched controls, 

normal weight LT recipients (n=34) still had a higher prevalence of IGT than normal weight 

controls (n=78) (26% vs. 3%, p<0.001) and low HDL (29% vs. 10%, p=0.01) with no 

significant differences in prevalence of pre-hypertension/hypertension (11% vs. 9%, p=0.68) 

and metabolic syndrome (6% vs. 1%, p=0.18). Overweight/obese LT recipients (n=15) had 

no significantly elevated prevalence of IGT (23% vs. 10%, p=0.21) or metabolic syndrome 

(27% vs. 34%, p=0.57) compared to overweight/obese controls (n=67).

Glucose tolerance profiles

LT recipients with IGT had higher 2-hour glucose levels than the controls with IGT. 

However, LT recipients with IGT had a lower prevalence of overweight/obesity (p=0.06) and 

lower fasting glucose, insulin, HOMA-IR, and Hemoglobin A1c than controls with IGT. 

(TABLE 3) Among all subjects with normal glucose tolerance, LT recipients still had 

significantly higher 2-hour glucose levels and hemoglobin A1c with no difference in fasting 

parameters. (TABLE 3)

Nine NHANES controls but no LT recipients had a hemoglobin A1c suggestive of pre-

diabetes (≥ 5.7%, p=0.07). (11) Only two of 23 LT recipients with IGT also had high fasting 

glucose; 12 of 15 controls with IGT had high fasting glucose.

Risk factors for IGT and metabolic syndrome components among LT 

recipients

Among all LT recipients, IGT was more prevalent in those on glucocorticoids (3/4; 75%) but 

was also quite common in those not taking glucocorticoids (20/72; 28%, p=0.05). The odds 

of IGT doubled for every 7.5 years on CNIs after adjusting for overweight/obesity and 

glucocorticoid use (OR 2.10, 95% CI 1.06–4.17 per 7.5 years on CNIs, p=0.03).

Neither IGT nor elevated fasting glucose were associated with age, obesity, CNI type, Latino 

ethnicity, obesity, Tanner stage, transplant indication, or family history of diabetes in 

univariate analysis or after adjusting for current glucocorticoid use (data not shown). 

Elevated fasting glucose was not significantly associated with glucocorticoid use, years of 

immunosuppression, or years since transplant (data not shown).

The odds of systolic hypertension also increased for every 7.5 years on CNIs in adjusted 

analysis, although this did not reach statistical significance Years of CNI exposure was not 

significantly associated with systolic pre-hypertension/hypertension (OR 1.90, 95% CI 0.95–

3.79, p=0.07), diastolic pre-hypertension/hypertension, low HDL, elevated triglycerides, or 

metabolic syndrome in the LT cohort (data not shown).

Of LT recipients on glucocorticoids at study visit (n=4), 2 were overweight/obese: three had 

IGT; one fulfilled criteria for metabolic syndrome while the other had two components (IGT 
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+ low HDL). Of the 2 normal weight recipients on glucocorticoids, one had metabolic 

syndrome with systolic hypertension, IGT, and low HDL; the other was hypertensive.

We had limited ability to study the impact of CNI type or being off CNIs due to small 

subgroup size. Children on tacrolimus were fewer years post-transplant at study visit than 

those on cyclosporine or off CNIs, although there was no difference in age at visit. (TABLE 

4) None of the children off CNIs had hypertension, and prevalence in those on tacrolimus 

was lower than those on cyclosporine. There were no significant differences in elevated 

fasting glucose, IGT, low HDL or high triglycerides by CNI. (TABLE 4)

Discussion

The prevalence of hypertension, low HDL, and IGT was significantly higher in pediatric LT 

recipients than matched peers. Increased risk of these conditions persisted after adjusting for 

overweight/obesity and glucocorticoid use. Our study is the first to compare metabolic 

syndrome in pediatric LT recipients to matched controls. Previous, retrospective studies have 

also identified hypertension, impaired fasting glucose, and low HDL as relatively common 

after pediatric LT, with an overall metabolic syndrome prevalence of 14–19%. (3,18) Our 

study verifies these findings and highlights the differences in metabolic syndrome risk 

between pediatric LT recipients and non-transplanted peers.

Overweight/obese LT recipients were more likely to have IGT but had a similar prevalence 

of metabolic syndrome components as overweight/obese NHANES controls. Normal weight 

LT recipients had a significantly higher risk of metabolic syndrome and its components than 

normal weight NHANES controls. The relatively high prevalence of metabolic syndrome 

and its components in normal weight LT recipients has been reported previously in adult 

cohorts, but our study is the first to investigate this phenomenon in pediatrics. (19, 20)

The most novel finding in our study is the high prevalence of IGT in pediatric LT recipients. 

IGT is caused by impaired pancreatic β-cell ability to respond to a glucose challenge and/or 

insulin resistance. IGT is considered a pre-diabetic state, and is a predictor of future diabetes 

even in those with normal fasting glucose. (11,21) LT recipients with IGT, compared to 

NHANES controls with IGT, had lower fasting insulin, less insulin resistance and reduced β-

cell function. Thus, β-cell dysfunction may explain the increased prevalence of IGT in LT 

recipients.

IGT was associated with years of CNI use, and was not entirely explained by obesity or 

glucocorticoid use. We hypothesize that long-term exposure to CNIs contributes to IGT in 

LT recipients by impairing β-cell function. Tacrolimus is thought to cause glucose 

intolerance by impairing insulin secretion (22) and possibly inducing pancreatic β-cell 

apoptosis. (23) Cyclosporine seems to be less diabetogenic than tacrolimus but may still 

impair insulin secretion. (24) Reduced insulin secretion has been observed more consistently 

with long-term CNI use. (25,26) The increased risk of IGT with increasing years on CNIs in 

our cohort is consistent with this. A recent Finnish study reported less glucose intolerance 

(7% IGT, 14% elevated fasting glucose) than we observed, but the majority of their cohort 

was on cyclosporine. (3)
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Also of clinical significance, fasting glucose did not correlate with IGT; no LT recipients had 

elevated HbA1c. Thus, fasting parameters and HbA1c may not be sensitive indicators of IGT 

after pediatric LT. Previous pediatric studies have shown HbA1c to be a less sensitive marker 

of glucose tolerance in children and adolescents than in adults, and appropriate cutoffs for 

children are not known. (27,28)

CNI exposure was also associated with systolic hypertension in LT recipients, which was 

expected based on their known direct nephrotoxicity, enhanced sodium reabsorption, and 

systemic vasoconstriction. (29) The high prevalence of low HDL seen in our cohort has been 

observed in other cohorts of pediatric LT recipients; (3, 9) this will be an important topic for 

future study, as low HDL in children is associated with poor VLDL and triglyceride 

clearance. The apparent protective effect of LT against other dyslipidemias has been reported 

in pediatric cohorts (3, 18) but not in adults. This finding again argues for further study of 

mechanism and allowance for screening protocols tailored to the metabolic profile of 

pediatric LT recipients.

The American Academy of Pediatrics categorizes pediatric renal and heart transplant 

recipients as high-risk for hypertension, dyslipidemia, and diabetes; they consequently 

recommend different screening and management guidelines for these children. (8) Our 

analyses suggest that pediatric LT recipients are also at increased risk for hypertension, low 

HDL and pre-diabetes, although they seem to be at lower risk for other dyslipidemias. 

Recent AASLD/AST guidelines support annual blood sugar and lipid monitoring with 

fasting blood samples for pediatric LT recipients. (30)

Our data suggests that oral glucose tolerance testing may be required to detect pre-diabetes 

after pediatric LT and supports dyslipidemia screening. However, longitudinal research in 

larger cohorts is needed before evidence-based recommendations on the utility of routine 

glucose tolerance testing in this population can be made. Study of prospective cohorts is 

needed to define risk factors for IGT in these children, to evaluate rate and risk factors for 

progression from the early IGT we identified, and to examine whether CNI minimization or 

other interventions may help prevent IGT, hypertension, and other metabolic syndrome 

components.

The limitations of our study include the single-center cohort of LT recipients studied at 

varying ages and times since transplant and the lack of concurrent, single-center controls. 

We matched multiple controls to each LT recipient to optimize statistical power and used 

NHANES protocols to screen the LT cohort to minimize bias in comparison to controls. 

Another limitation was lack of specific data in NHANES, forcing the use of 12 year old 

controls for 8–10 year old LT recipients. Sensitivity analysis, however, demonstrated that 

this modification did not bias our results. Our cohort was too small to fully investigate the 

impact of CNI type or being off CNIs. Larger, multi-center studies to allow more detailed 

investigation of risk factors will be needed.

Our data supports routine screening for metabolic syndrome components in pediatric LT 

recipients during long-term follow-up, even when they are normal weight and not on 

maintenance glucocorticoids. Further research is needed to define appropriate screening 

Perito et al. Page 8

Am J Transplant. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



schedules, to understand what drives the development of these conditions in pediatric LT 

recipients and to optimize long-term management. As these conditions are well-established 

precursors to clinical morbidities like diabetes and cardiovascular events and are eminently 

treatable, early detection and optimized management may prevent long-term morbidity and 

mortality.
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Figure 1. 
Prevalence of metabolic syndrome and its components in pediatric LT recipients and 

matched NHANES controls, by weight status. Of note, in both the normal weight and 

overweight/obese groups, there were not statistically significant differences between LT 

recipients and NHANES controls in gender, age, or race/ethnicity distribution. (*indicates 

statistically significant difference, p<0.05). LT, liver transplant; NHANES, National Health 

and Nutrition Examination Survey.
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Table 1

Demographics and clinical characteristics*

LT
(n=83)

NHANES controls
(n=235) p

Age at visit (years) 15.6 ± 4.8 16.6 ± 4.1 0.11

Female 45% 43% 0.89

Race/Ethnicity

 White 27% 27%

0.95

 Black 9% 9%

 Hispanic 43% 43%

 Asian 13% 13%

 Other/Multi-racial 8% 8%

AST (IU/L) 51 ± 73 25 ± 11 0.002

ALT (IU/L) 62 ± 102 22 ± 18 <0.001

GGT (IU/L) 65 ± 204 17 ± 19 0.03

Total bilirubin (mg/dL) 1.0 ± 0.7 0.8 ± 0.3 0.002

Creatinine (mg/dL) 0.65 ± 0.23 0.71 ± 0.18 0.04

Years since transplant 11.2 ± 5.7

Transplant indication¶

 Biliary atresia 33%

 Metabolic disease 17%

 Acute liver failure 12%

 Cholestatic conditions 6%

 Tumor 2%

 Other 30%

Glucocorticoids at visit 5% 0.4% 0.006

CNI

 Tacrolimus 80%

 Cyclosporine 10%

 Not on CNI 10%

Tacrolimus trough at visit (n=66, μg/L) 4.4 ± 2.2

Mean recent tacrolimus trough† (n=66, μg/L) 4.8 ± 2.2

Cyclosporine trough at visit (n=8, μg/L) 75 ± 52

Mean recent cyclosporine trough† (n=8, μg/L) 96 ± 63

*
Data represents proportion or mean ± SD. McNemar’s chi-squared test for categorical variables, t-test with unequal variances for continuous 

variables.

¶
Metabolic disease includes alpha-1-antitrypsin deficiency, Crigler-Najjar syndrome, cystic fibrosis, glycogen storage disease, inborn errors in bile 

acid metabolism, neonatal hemochromatosis, primary hyperoxaluria, tyrosinemia, urea cycle defects, and Wilson’s disease. Cholestatic conditions 
includes Alagille syndrome, Byler disease, progressive intrahepatic cholestatic syndromes, total parenteral nutrition cholestasis, sclerosing 
cholangitis, and idiopathic cholestasis. Other diagnoses include congenital hepatic fibrosis, Budd-Chiari syndrome, autoimmune hepatitis cirrhosis, 
drug toxicity, hepatitis C cirrhosis, and unknown cirrhosis.
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†
Mean of 3 most recent trough levels prior to study visit.
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Table 4

CNI impact on prevalence of metabolic syndrome components in LT recipients*

Tacrolimus
(n=67)

Cyclosporine
(n=8)

Off CNIs
(n=8) p

Age at visit 15.6 (11.5–18.3) 18.1 (12.2–20.9) 17.6 (13.8–18.3) 0.46

Years since transplant 10.6 (5.2–14.6) 17.1 (11.7–19.1) 16.1 (11.3–17.7) 0.004

Overweight/Obese 27% 13% 38% 0.52

Elevated waist circumference 16% 13% 14% 0.95

Systolic pre-hypertension or hypertension 24% 50% 0 0.07

Diastolic pre-hypertension or hypertension 12% 25% 0 0.1

Elevated fasting glucose (≥100mg/dL) 19% 25% 13% 0.82

IGT (2-hour glucose ≥ 140mg/dL) 31% 38% 17% 0.69

Low HDL 42% 25% 13% 0.19

Elevated triglycerides 13% 13% 13% 0.99

Elevated LDL 3% 0 0 0.78

Elevated total cholesterol 3% 0 0 0.78

Metabolic syndrome 15% 13% 13% 0.97

*
Data represents median (interquartile range) or proportion, with p by Kruskal-Wallis or chi-squared testing, respectively.
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