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Variable in model Model Points

Coefficient

Sex

Male Reference 0

Female 0.828 1
Race

African American Reference 0

‘White race, other race, or unknown race 1.870 2
Fractures

No fractures Reference 0

Pre-transplant fracture, no new fracture in 1st 0.707 1

year post-LT

New fracture in 1st year post-LT with or 1.430 2
without history of pre-transplant fracture

No. of rejections in 1st year post-LT, continuous 0.555

No. of rejections, categories

0 0

1 1

2 or more 2
Lowest BMD T score at 1-year post-LT follow- -0.524

up, continuous

Lowest BMD T score at 1-year post-LT follow-
up categories

-1.0 or higher 0
Between -2.5 to and -1.0 1
-2.5 or lower 2

The number of points for the simplified score were determined by rounding the model
coefficient up to the nearest integer. For the number of rejections, only 1 patient had more
than 2 rejections so those with 2 or more rejections were combined into the same category.
The lowest T-score was categorized based on common clinical diagnostic criteria. The risk
score is calculated by summing the number of points with a plausible range of 0 to 9. The
concordance index for the score created using the model coefficients and the simplified risk
score was 0.771 and 0.761, respectively.
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Years after 1 Simplified Risk Score

year post
LT visit 0-4 5 6-8

1.5 (~2.5 years 96.7 (93.8-99.6) 83.1 (71.6-96.5) 59.1 (41.7-83.7)
after transplant)

2.5 (~3.5 years 95.1 (91.7-98.7) | 73.1 (57.9-92.3) | 53.2 (35.5-79.7)
after transplant)

3.5 (~4.5 years 87.1 (80.3-94.6) = 67.0 (50.2-89.5) | 33.2 (15.2-72.7)
after transplant)

Progression was defined as having one or more of the following: transitioned to a worse
diagnosis (osteopenia or osteoporosis) based on the lowest BMD T score, received treatment

for osteoporosis, or had a new fracture.
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529 consecutive adult liver transplant

recipients January 2011 to June 2014

Excluded 265 patients, reasons:

No pre-LT BMD (n=90)
Prior LT (n=5)

Multiorgan transplant (n=41)

264 patients at 1-year post-LT BMD assessment included in primary analysis

40 patients with BMD progression, first post-LT BMD assessment with progression:

2-years (n=21, 10 with new fracture)

3-years (n=5, 3 with new fracture)

4-years (n=8, 3 with new fracture)

S-years: (n=6, 3 with new fracture)

42 patients at 5 years post-LT BMD assessment without progression
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n (%) or

median (IQR)

Pre-transplant information

Female sex 264 | 88 (33.3%)
Race
Caucasian 264 | 222 (84.1%)
African American 264 | 23 (8.7%)
Other 264 | 14 (5.3%)
Not reported 264 | 5 (1.9%)
Body mass index (kg/m2) 264 | 27.8 (24.9, 32.1)
Primary liver disease 264
Cirrhosis, Type C 88 (33.3%)
Alcoholic cirrhosis 42 (15.9%)
Cirrhosis, fatty liver (Nash) 33 (12.5%)
Cirrhosis, cryptogenic idiopathic 30 (11.4%)
Alcoholic cirrhosis with hepatitis C 17 (6.4%)
Cirrhosis, autoimmune 11 (4.2%)
Primary biliary cirrhosis 10 (3.8%)
Cirrhosis, other 4 (1.5%)
Primary sclerosing cholangitis 12 (4.5%)
Metabolic disease 8 (3.0%)
All other diagnoses 9 (3.4%)
MELD score 264 | 18 (11, 25)
History of prednisone use 261 | 15 (5.7%)

Information collected at 1°* annual follow-up visit

Age (years) 264 | 60 (54, 66)

Fractures 264
No fractures 204 (77.3%)
Pre-transplant fracture, no new fracture in 21 (8.0%)
1st year post-LT
New fracture in 1st year post-LT with or 39 (14.8%)
without history of

pre-transplant fracture

Total prednisone dose in 1st year post-LT 264 | 1.10 (1.10, 1.10)

Number of rejections in 1st year post-LT 264
0 217 (82.2%)

1 35 (13.3%)

2 10 (3.8%)

3 2 (0.8%)
Tacrolimus use in 1st year post-LT 254 | 232 (91.3%)
Mycophenolate in 1st year post-LT 253 | 33 (13.0%)
Sirolimus use in Ist year post-LT 264 | 8 (3.0%)

Lowest BMD T score at 1st annual follow-up 264 | -1.60 (-2.20, -0.90)
Spine T score 256 | -0.40 (-1.30, 0.40)
Femoral neck T score 263 | -1.50 (-2.00, -0.75)
Total hip T score 263 | -1.10 (-1.70, -0.30)
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No. of events

Single variable analysis

HR (95% ClI)

Multivariable model

P HR (95% ClI) P

Pre-transplant information
Sex
Male
Female
Race
African American
‘White/Other/Unknown
Body mass index (-5 kg/m2)
30 kg/m2 or higher
< 30 kg/m2
Primary liver disease
Cirrhosis, Type C (yes vs. no)
Alcoholic cirrhosis (yes vs. no)
Cirrhosis, fatty liver (Nash) (yes vs. no)
Cirrhosis, cryptogenic idiopathic (yes vs. no)
MELD score (+15)
18 or less
More than 18
Information collected at 1 year post LT visit
Age (+10 years)
60 years or younger
Older than 60 years
Fractures
No fractures
Pre-transplant fracture, no new fracture in 1st year post-LT

New fracture in Ist year post-LT with or without history of pre-
transplant fracture

Total prednisone dose in 1st year post-LT (+0.5)
1.1 or less
More than 1.1
No. of rejections in st year post-LT (+1)
0
1
2 or more
Tacrolimus use in 1st year post-LT (yes vs. no/unk)
No/Unknown
Yes
Mycophenolate in 1st year post-LT
No/Unknown
Yes
Sirolimus use in 1st year post-LT
No/Unknown
Yes
Lowest BMD T score at 1-year post-LT follow-up (-1)
-1.0 or higher
Between -2.5 to and -1.0
-2.5 or lower
Spine T score at 1-year post-LT follow-up (-1)
Femoral neck T score at 1-year post-LT follow-up (-1)

Total hip T score at 1-year post-LT follow-up (-1)

BMD, bone mineral density; HR, hazard ratio; CI, confidence interval; LT, liver transplant.
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24

16
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33

36
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11
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19

10

1.00 (reference)

2.89 (1.54-5.45)

1.00 (reference)
6.37 (0.86-47.11)
1.23 (0.90-1.70)
1.00 (reference)

1.16 (0.58-2.34)

0.84 (0.42-1.69)
1.47 (0.67-3.19)
1.06 (0.44-2.53)
1.41 (0.62-3.21)
1.50 (0.87-2.26)
1.00 (reference)

1.22 (0.65-2.27)

1.26 (0.86-1.83)
1.00 (reference)

1.04 (0.56-1.94)

1.00 (reference)
2.04 (0.76-5.45

4.94 (2.52-9.68

1.06 (0.97-1.15)
1.00 (reference)
2.45 (1.30-4.63)
1.76 (1.12-2.76)
1.00 (reference)
2.25 (1.02-5.00)

271 (0.95-7.74)

1.00 (reference)

0.55 (0.24-1.24)

1.00 (reference)

1.05 (0.37-2.97)

1.00 (reference)
2.52 (0.78-8.21)
1.81 (1.24-2.64)
1.00 (reference)
0.95 (0.45-1.99)
3.03 (1.28-7.17)
1.30 (1.00-1.69)
1.65 (1.13-2.41)

1.62 (1.16-2.27)

1.00 (reference)

.001 229 (1.20-4.38) 0.012

1.00 (reference)
.070 6.47 (0.85-49.11) 0.071

20

.62

34

.90

41

17

24

1.00 (reference)
16 2.03 (0.74-5.56) 17

<.001 4.48 (2.22-9.05) <.001

18

014 1.74 (1.07-2.84) 0.026

.15

92

12

.002 1.69 (1.12-2.55) 0.012

046

.010

004

BMD progression was defined as having one or more of the following: transitioned to a worse diagnosis (osteopenia or osteoporosis ) based on the lowest BMD T score, received treatment for
osteoporosis, or had a new fracture. Patients were censored at the last available BMD assessment prior to graft failure. The multivariable Cox proportional hazards regression model included
variables with P<0.20 from single variable analysis removing one variable at a time based on the largest P value until there was no longer a reduction in the Akaike Information Criterion. Prior to
starting the backward selection procedure, some variables were removed from the model due to high correlation. Prednisone dose was not included due to the correlation with the number of
rejections (Spearman correlation = 0.74). The only BMD T-score included in the multivariable model prior to backward selection was the lowest T score at 1-year post-LT follow-up. The
concordance index for the multivariable model was 0.771 (95% bootstrap CI 0.696-0.867) (15). For body mass index, MELD score, age at 1 year follow-up, total prednisone dose, number of
rejections, and lowest bone mineral density T score, unadjusted HRs and 95% CIs were presented for categorized versions of the variables to ease interpretation, but the continuous versions of the
variables were used for calculating P values and for consideration in the multivariable model.
The number in parathesis Indicate the unit increase (+) or decrease (-) in the predictor variable associated with the reported Hazard Ratio. For example, Age (+10 years) signifies that the HR

corresponds to a 10-year increase in age.
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