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New-onset cardiovascular risk factors following liver transplantation:

A cohort analysis in Singapore
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ABSTRACT

Introduction: The aims of this study were to establish weight change, incidence of non-alcoholic fatty
liver disease (NAFLD) and cardiovascular risk factors (CvRF) in liver transplant recipients (LTRs).

Methods: Eighty-three patients whose mean (standard deviation [SD]) age was 55.6 (8.4) years
(median follow-up 73 months) and who underwent their first liver transplantation (LT) at Singapore
General Hospital between February 2006 and March 2017 were included in the study. Anthropometric,
clinical and demographic data were collected retrospectively from patients’ medical records. Diabetes
mellitus (DM), hyperlipidaemia and hypertension were regarded as CVRF.

Results: Compared to baseline, mean (SD) body weight decreased significantly at 1 month post-LT
(60.8kg [11.9] versus 64.3kg [13.7], P<0.001). There was a gradual recovery of body weight thereafter,
increasing significantly at year 2 (64.3kg [12.3] vs 61.5kg [13.7], P<0.001) until year 5 (66.9kg [12.4]
vs 62.2kg [13.9], P<0.001), respectively. The prevalence of CvRF was significantly higher post-LT.
NAFLD occurred in 25.3% of LTRs and it was significantly associated with post-LT DM and
hyperlipidaemia.

Conclusion: CvRF increased significantly post-LT, and NAFLD occurred in 25.3% of LTRs. Body
weight dropped drastically within the first month post-LT, which then returned to baseline level
just before the end of first year. This novel finding suggests that nutritional intervention needs to be
tailored and individualised, based on events and time from transplant. Although long-term obesity is
a significant problem, aggressive oral or enteral nutritional supplements take precedence in the early
and immediate post-LT period, while interventions targeted at metabolic syndrome become necessary

after the first year.
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INTRODUCTION

Malnutrition is well described in liver cirrhosis. The
hyperdynamic circulation and altered metabolism in
cirrhosis result in a hypercatabolic state which accelerates
tissue breakdown.' Ascites and gastrointestinal dysmotility
in advanced cirrhosis, compounded by the need for
dietary restrictions, often result in early satiety and
anorexia.? Inevitably, liver transplant wait-list patients
eat poorly, leading to a diet grossly deficient in calories,
protein and nutrients, culminating in muscle wasting
and weight loss.”

Liver transplantation (LT) is the only curative

treatment for end-stage liver failure.? After LT, patients
regain a sense of well-being and a more liberalised

diet contribute to improved appetite.* A higher caloric
intake, the effect of tacrolimus associated with
hypometabolism,* increased adiposity and decreased
lean muscle mass predispose liver transplant recipients
(LTRs) to developing metabolic syndrome (MetS).?
More than half of long-term LT survivors will eventually
develop 1 or more metabolic diseases, including
obesity, impaired glucose tolerance and hypertension.>*’
It is therefore not surprising that non-alcoholic fatty
liver disease (NAFLD), a hepatic manifestation of
MetS, is common following LT.* A recent study by
National University Hospital in Singapore showed
that MetS increased significantly post-LT with a
prevalence of 35.6%.° However, for Singapore LTRs,
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CLINICAL IMPACT

What is New

® Our study reported 3-monthly body weight trends
in liver transplant recipients for the first year. Weight
reduced significantly by 5.5% in the first month and

increased to baseline level before the end of 1 year.

* The recipients were followed up for a median
period of 73 months. Metabolic complications
increased significantly post-liver transplant and
non-alcoholic fatty liver disease occurred in
25.3% of recipients.

Clinical Implications

® Oral or enteral nutritional supplements take
precedence in the early post-transplant period,
while interventions targeted at metabolic syndrome
are necessary after the first year.

the evolution of body weight (BW) and the development
of NAFLD post-LT remain unclear. We aimed to
establish weight change, prevalence of NAFLD and
cardiovascular risk factors (CvRF) in stable LTRs in
Singapore.

METHODS

This was a retrospective study of adult patients who
underwent LT at Singapore General Hospital between
February 2006 and March 2017. The study, approved
by the Institutional Review Board, included patients
older than 21 years of age at the time of their
transplantation, and with at least 1 year of post-LT
follow-up. Exclusion criteria were multiorgan
transplantation and re-transplantation. A retrospective
chart review was conducted for eligible study
participants. Demographic, anthropometric, clinical
and biochemical data were collected. Demographic
characteristics included age, sex and ethnicity. Clinical
data included pre-LT Child-Pugh scores, Model for
End-stage Liver Disease (MELD) scores and
indications for LT, pre-LT and post-LT comorbidities.
Weight, height and body mass index (BMI) were
recorded at the time of transplant, 1 month post-LT, and
at 3-monthly intervals, until 1 year post-LT and then
annually thereafter. For patients with fluid overload at
LT, dry weight was estimated according to Mendenhall
et al.'® For those with mild, moderate and severe
ascites, BW was subtracted by 2.2kg, 6.0kg and 14.0kg,
respectively. In the case of mild, moderate and severe

oedema, BW was adjusted by subtracting 1.0kg, 5.0kg
and 10.0kg, respectively. The primary outcomes of
the study were post-LT weight trends and obesity
prevalence. Secondary outcomes were the incidence
of NAFLD and CvRF, defined by hypertension,
hyperlipidaemia and diabetes mellitus (DM).

The following definitions were used in the study:

(1) Hypertension: systolic or diastolic blood pressure
>140 or 90mmHg; or patient on at least 1
antihypertensive drug for more than 3 months
post-LT;"

(2) Hyperlipidaemia: low-density lipoprotein (LDL)
>2.6mmol/L or triglyceride (TG) >1.7mmol/L; or
patient on statin or fibrate for more than 3 months
post-LT;"

(3) DM: persistent fasting or random blood glucose
level >7.0mmol/L or >11.1mmol/L, respectively; or
patient on antidiabetic drug after the first 3 months
post-LT;"

(4) Post-LT NAFLD diagnosis was based on ultrasound
or computerised tomography (CT) scan of the
liver.!? In our centre, ultrasound surveillance on
the liver graft is routinely performed 3-monthly
for the first 12 months post-LT, then annually for
patients without pre-LT hepatocellular carcinoma;
whereas patients with hepatocellular carcinoma
prior to LT are monitored with CT scan 3-monthly
for the first 24 months, followed by alternating
CT and ultrasound thereafter;

(5) Obesity: BMI >27.5kg/m?, based on World
Health Organization (WHO) recommendations
for Asians.!

Post-transplant care

Our multidisciplinary LTR care involves transplant
surgeons, hepatologists, endocrinologists, pharmacists,
specialty nurses, dietitians and physiotherapists. We
practise triple immunosuppression with corticosteroid,
a calcineurin inhibitor (CNI)—preferably tacrolimus—
and mycophenolate mofetil. Tacrolimus dose is titrated
to a trough of 7-10ng/mL in the first 3 months,
5-7ng/mL in months 4-6, and thereafter 4—6ng/mL.
Corticosteroid dose is gradually tapered and stopped
after 3 months. In patients with pre-existing renal
impairment, additional induction with basiliximab is
considered to delay exposure to CNI at reduced dose.
Lipid profile and glycated haemoglobin (HbAlc)
are monitored every 3—6 months. Pharmacological
therapies are initiated for suboptimal levels by
endocrinologists.
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Statistical analysis

Statistical analysis was performed using SPSS Statistics
software version 25 (IBM Corp, Armonk, US). Continuous
variables were expressed as mean and standard
deviation (SD) and categorical variables as frequencies
and percentages (%). Statistical significance of mean
difference between continuous variables was determined
by paired-samples t test. Chi-square test was performed
for categorical variables. Prevalence of CvRF pre-
and post-LT were compared by McNemar’s test. The
statistical significance level was set at P<0.05.

RESULTS

From February 2006 to March 2017, 99 patients
underwent LT. Included in our study were 83 LTRs, as
16 LTRs were excluded due to early death (n=15) and
re-transplantation (n=1). Table 1 shows the baseline
characteristics of the study population. The mean (SD)
age was 55.6 (8.4) years and the majority were Chinese
(83.1%). The median duration of post-LT follow-up
was 73 (interquartile range [IQR] 34—-109) months. The
most common indication for LT was hepatitis
B (44.6%). The mean (SD) MELD score at LT was 18 (8)
and a majority were of Child-Pugh class C (43.4%).
Most of the LTRs (90.4%) received tacrolimus for
immunosuppression.

Obesity and body weight change

Post-LT obesity prevalence was 24.1%, which was
higher than pre-LT (18.1%, P<0.05). Post-LT obesity
was associated with pre-LT obesity (P<0.0001), with
66.7% of patients with pre-existing obesity remaining
obese post-LT. There were 10 LTRs (14.7%) who
developed de novo obesity post-LT, at a median (IQR)
of 17 (9-45) months. Fig. 1 shows post-LT BW trend.
Compared to baseline, mean (SD) BW decreased
significantly at 1 month post-LT (60.8kg [11.9] versus
64.3kg [13.7], P<0.001). This was followed by a
gradual recovery of BW which eventually reached
pre-LT level at 9 months post-LT. Mean (SD) weight
gain continued until the fifth year (66.9kg [12.4] vs
62.2kg [13.9], P<0.001).

Cardiovascular risk factors

At last follow-up in March 2018, the rate of new-
onset DM, hypertension and hyperlipidaemia was
29.3%, 44.5% and 46.4%, respectively (Fig. 2).
A higher prevalence for DM (68.9% vs 57.8%,
P<0.005), hypertension (62.7% vs 33.7%, P<0.0001),
and hyperlipidaemia (57.8% vs 28.9%, P<0.0001)
was observed post-LT. There was no significant

Table 1. Baseline characteristics of liver transplant recipients

Characteristics n=83
Age, mean (SD), years 55.6 (8.4)
Male, no. (%) 57 (68.7)
Female, no. (%) 26 (31.3)
Ethnicity, no. (%)

Chinese 69 (83.1)

Malay 5(6.0)

Indian 4 (4.8)

Others® 5(6.0)
Time from transplant

Mean (SD), months 74.5 (38.9)

Median (IQR), months 73.0 (34.0-109.0)

Aetiologies of liver diseases, no. (%)°

HBV 37 (44.6)
NASH/cryptogenic cirrhosis 15 (18.1)
PBC, PSC, AIH 14 (16.9)
ALD 8(9.6)
HCV 5(6.0)
Others 11 (13.3)
MELD score, mean (SD) 18 (8)
Child-Pugh score, no. (%)
A 15 (18.0)
B 32 (38.6)
C 36 (43.4)

AIH: autoimmune hepatitis; ALD: alcoholic liver disease; HBV:
hepatitis B virus; HCV: hepatitis C virus; MELD: Model for End-stage
Liver Disease; NASH: non-alcoholic steatohepatitis; PBC: primary
biliary cholangitis; PSC: primary sclerosing cholangitis; SD: standard
deviation

* Other aetiologies included acute liver failure (6 cases), familial
amyloid polyneuropathy (2 cases), type 2 citrullinemia (2 cases) and
Caroli disease (1 case)

® The total adds up to more than 100% as some patients had more
than 1 aetiologies for chronic liver disease or indications for liver
transplantation

difference for HbAlc between baseline and any time
point post-LT, while total cholesterol (T-CHOL), high-
density lipoprotein (HDL), TG and LDL increased
significantly 3 months post-LT (Fig. 3). However,
the mean values of T-CHOL, HDL and TG were all
within healthy range at all time points. LDL levels
were slightly above the desirable level of 2.6mmol/L
at 3 months, 6 months and 3 years.
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Fig. 1. Body weight change in liver transplant recipients post-liver transplantation.
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Fig. 2. Prevalence of cardiovascular risk factors pre- and post-transplantation.

*P<0.001

NAFLD occurred in 21 patients (25.3%), at a median
(IQR) of 16 (10-37) months post-LT. Approximately
21% developed de novo NAFLD post-LT. Interestingly,
almost half (46.7%) of the patients with a history of
cryptogenic or non-alcoholic steatohepatitis (NASH)
cirrhosis developed post-LT NAFLD. Overall, post-
LT NAFLD was associated with DM (91.4% patients,
P<0.01) and hyperlipidaemia (85.3% patients,
P<0.005). Although 33.2% post-LT NAFLD patients

were obese, we did not find any statistically significant
association between post-LT NAFLD and obesity.

DISCUSSION

Our study showed that BW and the prevalence of
CvRF increased significantly in LTRs, including the
occurrence of NAFLD. This suggests that the burden
of obesity and MetS is high among LTRs in Asia.
The consequence of MetS is significant and our study
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Fig. 3. Trends of HbA lc¢ and lipid profile post-liver transplantation.

HDL: high-density lipoprotein; LDL: low-density lipoprotein; TG: triglyceride; T-CHOL.: total cholesterol

highlights the multiple cardiovascular risks in this
population.

We collected BW data at multiple time points
post-LT and reviewed patients for more than 6 years.
To the best of our knowledge, this is the first study
reporting detailed BW change in the early post-LT
period at close intervals, with the longest follow-up
duration. Other studies reported weight trends with
either less frequent intervals or shorter follow-up
duration.®!* The weight trend in our study offers fresh
insights into the dynamic weight change of LTRs,
especially during the early and intermediate post-LT
period where early post-surgery catabolism frequently
necessitates oral nutritional supplements or tube feeding
to prevent weight loss. Later excessive weight gain
from effects of immunosuppression and improved
appetite requires timely nutritional intervention to curb
obesity and prevent metabolic complications in the
longer term.

A majority of studies in the literature did not report
weight change at 1 month post-LT.%'*!5 A significant
weight loss at 1 month after transplantation has been
reported, due in part to a reduced fluid overload.'®
Another major factor contributing to the weight loss
is the hypercatabolic state in the immediate post-LT
period, resulting in increased muscle breakdown and
loss. A longitudinal study showed that resting energy
expenditure increased significantly post-surgery to as
high as 42% above predicted value, peaking at day
10, and that hypermetabolism persisted for 6 months
only to resolve at 1 year post-LT.!” Furthermore, patients
were typically fasted in the immediate postoperative

period until they were able to pass flatus. By the time a
full diet was allowed, a few days would have typically
passed. This would represent missed opportunities for
early postoperative tube feeding within 12 hours, which
has been shown to be beneficial in reducing length
of stay in intensive care and in lowering infection
rates.'® Additionally, intermittent fasting is often
necessary for post-surgery protocol ultrasound scans
(for early detection of hepatic artery thrombosis)
and other advanced imaging procedures (in patients
suspected of having biliary leaks or strictures).!*
These frequent interruptions in the delivery of nutrition
to LTRs in the early postoperative period pose a major
challenge to maintaining a delicate balance between
fasting for investigations and provision of adequate
calories and protein to an already malnourished
population.

After the initial decrease in the first month, the weight
of our LTRs gradually increased. This was partially
due to the hypermetabolic state slowly regressing to
normal, resulting in a lower energy expenditure
compared to the period immediately post-LT.'” The
disappearance of ascites after LT leads to a marked
improvement in patients’ appetite and food intake.?!
Richardson et al. reported that mean (SD) calorie
intake in post-LT patients increased significantly at
2,227kcal/d (41) compared with consumption at
1,542kcal/d (124) during the pre-transplant period.?!
Our study showed that BW eventually returned to
pre-LT level around 9 months post-LT. Weight gain
continued to progress, reaching a peak in the fourth
year. Two large-scale studies by Everharts et al. and
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Richards et al. showed that the most rapid weight gain
occurred within the first year after LT, but the initial
drastic weight loss seen in our study at 1 month was
not reported in the studies due to a lack of data in the
carly postoperative period.®!*

Similar to the study by Tan et al.,” nearly a quarter
(24.1%) of our LTRs was found to have obesity after
a median follow-up of 73 months. This was
comparatively lower than the prevalence of 30%
reported by the aforementioned 2 studies.®'* This
discrepancy could possibly be due to the difference
in the trajectory of BW change during the first year
post-LT. While our patients suffered from significant
weight loss in the first month before a gradual
recovery in BW to baseline level, the other 2 studies
reported rapid weight gain of 5—6kg at 1 year post-
LT. Of note, we defined obesity at BMI cut-off of
27.5kg/m?> based on WHO recommendations,'® as
opposed to BMI of 30.0 kg/m?in many Western
studies.*'* In spite of differences in definition, we
believe that our study reflects the true health risks
of our LTRs as it is well established that Asians
have significantly higher risks for type 2 DM and
cardiovascular diseases at a lower BMI compared
to their Caucasian counterparts.'’> Similar to most
Western studies,®!'*??> our centre’s post-LT obesity
prevalence is significantly higher than the general
local population. Based on recent data from the
Ministry of Health, Singapore, obesity prevalence
was 8.7% in local adult residents.” Newly developed
obesity was 14.7% in our LTRs, compared with
15.5-40.7% reported in other studies.®*

In our study, the prevalence of DM, hypertension
and hyperlipidaemia was 68.9%, 62.7% and 57.8%,
respectively. Other centres reported 61%,2 62%% and
27-71%,% respectively, in comparison with Tan et al.’
who reported 51.1%, 60.0% and 46.7%, respectively.
The incidence of new-onset DM, hypertension and
hyperlipidaemia in our study was 29.3%, 44.5%
and 46.4%, respectively and this was comparable with
other studies,’®® where post-LT prevalence was much
higher than pre-LT figures. It is widely believed that
immunosuppressive drugs play a crucial role in the onset
of metabolic complications post-LT. Steroid increases
insulin resistance and reduces beta cell function;
influencing glucose homeostasis and contributing to
the development of DM.?’ Tt also increases vascular
resistance and cardiac contractility, leading to
hypertension.”” Steroids induce hyperlipidaemia via the
stimulation of enzyme activity involved in cholesterol
metabolism and fatty acid synthesis.? New onset
diabetes may also be induced by CNI reducing insulin

secretion.’® Furthermore, the vasoconstrictive effect
of CNI on renal arteriole induces sodium and water
reabsorption with a consequence of volume expansion,
contributing to blood pressure increase.’! Lastly, CNI
reduces cholesterol excretion through the biliary
system and blocks LDL-cholesterol receptors, resulting
in elevated blood cholesterol levels.*

Although the prevalence of CvRF was high in our
cohort, control of hyperlipidaemia and DM was
excellent. One of the current leading causes of
mortality among long-term transplant survivors is
cardiovascular diseases.®®> Mean values of T-CHOL,
HDL and TG were all well within healthy ranges at all
time points. The highest mean HbAlc (SD) recorded
was 6.1% (1.3) at 4 years post-LT, while mean (SD)
LDL was 2.7mol/L (0.9) at 1 year post-LT. This
was likely due to the intensive surveillance and
management of metabolic diseases in our centre. Due
to the alarmingly high prevalence of post-LT obesity,
it is of paramount importance to prevent and manage
obesity to improve long-term survival. As such,
long-term care of our LTRs is provided for by a dedicated
transplant endocrinologist and dietitian.

NAFLD, a hepatic manifestation of MetS, occurred
in 25.3% of our patients. Post-transplant NAFLD
recurred in almost half of patients whose indication
for transplant was cryptogenic or NASH cirrhosis.
In the literature, the reported recurrence ranged from
25-100%, up to 5 years post-LT.***” De novo post-LT
NAFLD was found in 20.6% of our patients. This is
comparable to the incidence rate of 18% at 28 months
post-LT that was reported by Seo et al.’® for 68 patients
with liver biopsy. However, 2 other larger studies by
Dumortier et al. and Galvin et al. reported more than
30% de novo biopsy-proven NAFLD at 3 years post-
LT.?** The varying rates are likely due to the different
diagnostic criteria among the studies. Seo et al. defined
de novo NAFLD as >33% increase in hepatic steatosis
compared to their respective donor biopsies,*® while
Dumortier et al. and Galvin et al. adopted the more
conventional diagnostic criteria of steatosis >5% on
liver biopsy.***° In our centre, routine protocol biopsy is
not carried out except when there is a clinical suspicion
of graft rejection. Although ultrasound is not sensitive
enough for the detection of mild steatosis,'? it is the only
practical means for the diagnosis of NAFLD. It is not
surprising then that our study detected a much lower
rate of de novo NAFLD compared to the literature.
Reported NAFLD risk factors included increased
BMI, metabolic complications, weight gain post-LT,
immunosuppressant and donor liver steatosis, and
use of angiotensin-converting enzyme inhibitors.*%4°
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In our study, de novo NAFLD was significantly a
ssociated with post-LT DM and HLD. Data on long-
term prognosis of de novo NAFLD are scarce. Galvin
et al. reported that almost 40% of LTRs with de novo
NAFLD had biopsies indicating significant fibrosis
and 5% cirrhosis.** Dureja et al. showed that patients
with recurrent NAFLD post-LT were at a higher risk
of cardiovascular diseases and death in the long
term.’* We were unable to examine cardiovascular
mortality rate due to our small sample size and short
follow-up duration.

The current study has limitations. The retrospective
nature of the study would invariably introduce biases.
Firstly, the actual BW in some of our pre-LT patients
would have been masked by the presence of oedema/
ascites. Although we made the best effort to adjust
weight based on the method described by Mendenhall
et al.,'” discrepancies between the estimated and
actual BW may still exist. Secondly, we lacked
complete data on all patients at all follow-up time
points, except at 1 year post-LT. Thirdly, the diagnosis
of NAFLD in our LTR cohort based on ultrasound
was likely an underestimate, as ultrasound is only
reliable when there is at least moderate hepatic
steatosis.!> Last but not least, dietary and lifestyle
interventions may have impacted the weight of our
patients. Post-LT routine care included diet education
and counselling from dietitians but may not routinely
involve a physiotherapist, especially after hospital
discharge. Physical activity data were unavailable to
us to analyse the impact of an exercise regime in the
evolution of BW post-LT. Based on the limited data,
we cannot comment on the impact of our nutritional
intervention on the lesser degree of weight gain in our
LTRs compared to other centres. Although we reported
similarly high incidences of DM, hypertension and
hyperlipidaemia, we were unable to further examine
the risk factors for the development of metabolic
complications post-LT due to our limited study sample size.

CONCLUSION

CvRF increased significantly post-LT and NAFLD
occurred in 25.3% of our LTRs. We observed a drastic
decrease in weight within the first month post-LT,
which then returned to baseline before the end of 1 year.
This novel finding suggests that nutritional intervention
needs to be tailored and individualised, based on
events and time from LT. Although long-term obesity
is a significant problem, aggressive oral or enteral
nutritional supplements take precedence in the early and
immediate post-LT period, while interventions targeted
at MetS are necessary after the first year.
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