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Original Research

Introduction

Metabolic dysfunction-associated steatohepatitis (MASH) 
related cirrhosis is a leading indication for liver transplanta-
tion in the United States.1,2 Metabolic syndrome (MetS), 
defined as the presence of 3 or more metabolic derange-
ments: obesity, dyslipidemia, hypertension, or elevated 
fasting glucose levels, is a known risk factor for the devel-
opment of non-alcoholic fatty liver disease and MASH.3,4 
While it is estimated that MetS affects 24% of the adult 
population in the United States, studies estimate that 64% to 
71% of patients with MASH have MetS.5-7
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Abstract
Objectives: Patients with pre-transplant metabolic dysfunction-associated steatohepatitis (MASH) are at high risk 
of metabolic syndrome (MetS) after liver transplant. While many patients are co-managed by a transplant team, most 
preventative screening and MetS management may occur in the primary care setting. We aimed to evaluate primary 
care utilization by MASH liver transplant recipients as well as MetS screening and control. Methods: We conducted 
a retrospective chart review that included adults who underwent liver transplant for MASH or cryptogenic cirrhosis 
at a single institution from January 2010 to December 2016, had available primary care data, and at least 36-months of 
follow-up post-transplant. Measures included primary care utilization, adherence to screening guidelines, and control of 
MetS. We used Fischer’s exact test to explore the association of primary care utilization with screening and control. 
Results: A total of 37 patients met inclusion criteria with 366 visits reviewed. The median time to first visit was 68 days 
post-transplant and patients had a median of 9 total visits. Few patients met screening guidelines for diabetes (8.1%) or 
hyperlipidemia (10.8%). The percentage of patients with control of obesity, hypertension, diabetes, and hyperlipidemia 
decreased over the 36-month follow-up period. Primary care utilization was not associated with adherence to screening 
recommendations for diabetes (P = .141) or hyperlipidemia (P = .103). Higher primary care utilization was not associated 
with control of hypertension (P = .107), diabetes (P = .871), or hyperlipidemia (P = .999). Conclusion: More research is 
needed to investigate barriers to screening and management of MetS conditions in this high-risk patient population in the 
primary care setting as well as to optimize post-transplant care coordination.
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The prevalence of developing conditions associated 
with MetS is even higher in all liver transplant recipients: 
hypertension 40% to -85%; diabetes 10% to 64%, obesity 
24% to 64%; dyslipidemia 40% to 66%.8 This is multifac-
torial with contributions from immunosuppressive medi-
cation regimens which can influence glucose and lipid 
metabolism, restoration of health and appetite, and pre-
existing genetic disposition.9-11 Patients transplanted due 
to MASH cirrhosis are at even higher risk of developing 
MetS post-transplant due to pre-transplant risk factors 
including obesity, genetic, and environmental factors.12,13 
Importantly, the clinical features of MetS contribute to 
post-liver transplant morbidity and mortality, specifically 
increasing the risk of cardiovascular disease and cardiac 
mortality.13-16 Cardiovascular disease is one of the leading 
non-hepatic causes of death post-transplant.17-19

The American Association for the Study of Liver 
Diseases (AASLD) provides practice recommendations for 
the management of adult patients who have successfully 
undergone liver transplantation which include guidelines 
for the screening and treatment of obesity, hypertriglyceri-
demia, hypertension, and diabetes in liver transplant recipi-
ents.8 Prevention, early recognition, and treatment of MetS 
post-transplant may impact long-term survival.19 Despite 
initial involvement from transplant centers and hepatolo-
gists post-transplant, most preventative screening and MetS 
management in liver transplant recipients may occur in the 
primary care setting.20-23

This study aimed to evaluate primary care utilization by 
patients who received a liver transplant due to MASH or 
cryptogenic cirrhosis, adherence to screening guidelines 
and control of MetS comorbidities, and the association of 
primary care utilization with screening and control of MetS 
conditions.

Methods

We conducted a retrospective chart review that included 
adults who underwent liver transplant for MASH or crypto-
genic cirrhosis at a single institution in Northern California 

from January 2010 to December 2016. Given the strong 
epidemiological relationship between MASH and crypto-
genic cirrhosis as well as similarities in post-operative clini-
cal courses of patients undergoing liver transplantation for 
each indication, we included both in our sample.24,25 
Additional eligibility criteria included that patients received 
their primary care exclusively through a specific staff model 
health maintenance organization in which patients receive 
services within a closed healthcare system and had at least 
36-months of documented follow-up post-transplant avail-
able in the electronic medical record (EMR). We identified 
the sample using data from the United Network for Organ 
Sharing and confirmed inclusion criteria through detailed 
review of the EMR.

Measures of interest included primary care utilization, 
adherence to screening guidelines, and control of MetS con-
ditions. Primary care utilization was defined as office visits 
to Internal Medicine and/or Family Medicine healthcare 
providers including physicians, nurse practitioners, and 
physician assistants. We recorded the total number of office 
visits and timing of each in-person visit post-transplant. 
Adherence to screening guidelines as well as control of 
MetS conditions were evaluated based on standards set by 
the AASLD (Table 1). Control was evaluated yearly for 
each MetS condition during the first 36-months of follow-
up, using the average values for body mass index (BMI), 
blood pressure measurements, hemoglobin A1c, low-den-
sity lipoprotein (LDL) level, and triglyceride level during 
each 12-month period of follow-up for each patient.

For each eligible patient, we conducted a detailed review 
of the EMR noting basic demographic information, primary 
care utilization, adherence to screening guidelines, and con-
trol of MetS conditions according to these definitions. All 
recorded information was de-identified and stored on a 
HIPAA compliant secured server. We performed descriptive 
statistics for each measure including frequency counts and 
calculating the percentage of patients meeting guidelines 
for screening and control of MetS conditions. When evalu-
ating control of MetS comorbidities, patients were included 
in descriptive statistics if they had the relevant screening 

Table 1.  Screening Guidelines and Defined Control of MetS Conditions.

MetS condition Screening guideline Defined control

Obesity No specific AASLD guideline for screening
Evaluated number of primary care visits with body mass index (BMI) recorded

BMI < 30

Hypertension No specific AASLD guideline for screening
Evaluated number of primary care visits with blood pressure recorded

Blood pressure < 130/80

Diabetes Hemoglobin A1c or fasting glucose every 3 months in the first-year post-liver 
transplant and then annually*

A1c < 7

Hyperlipidemia Fasting lipids annually† LDL < 100
Triglycerides < 150

*Unable to confirm fasting status of laboratory tests, utilized only hemoglobin A1c.
†Unable to confirm fasting status of laboratory tests.
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test documented during each 12-month period of follow-up. 
Using Fischer’s exact test, we explored the association of 
primary care utilization (classified as low, moderate, or 
high) with meeting screening guidelines and control of 
MetS conditions over the 36-month period. SPSS was uti-
lized for statistical analyses. The University of California, 
San Francisco Institutional Review Board approved this 
study.

Results

A total of 760 liver transplants were completed at the insti-
tution from January 2010 to December 2016. 37 patients 
met defined inclusion criteria and among this cohort a total 
of 366 primary care visits were reviewed (Table 2). Patients 
had a median of 9 in-person primary care visits in the 
36-month period post-liver transplant with a median time to 
first visit of 68 days.

While BMI and blood pressure were consistently mea-
sured and recorded during primary care visits, few patients 
met AASLD guidelines for diabetes using hemoglobin A1c 
measurement (3/37, 8.1%) or hyperlipidemia (6/37, 16.2%) 
screening post-transplant (Table 2). 8 patients (21.6%) had 
no record of measured hemoglobin A1c and 5 patients 
(13.5%) had no record of hyperlipidemia screening in the 
first 36 months of follow-up.

The percentage of patients with an average BMI < 30 
decreased each year, with only 38.2% of patients recording 
an average non-obese BMI during the third year of follow-up 
(Table 2). The percentage of patients with LDL and triglycer-
ide levels at goal also decreased each year with 52.6% of 
patients with LDL at goal at year 3 and 50% of patients with 
triglycerides at goal at year 3. The percentage of patients with 
blood pressure control decreased from year 1 to year 2 from 
61.1% to 42.9% with improvement in year 3 to 54.9%. While 
the percentage of patients with diabetic control decreased 
from year 1 to year 3, more patients in our cohort were 
screened for diabetes in year 3 post-transplant with an 
increase in the absolute number of patients with diabetic con-
trol (17 patients at year 3 from 15 patients in year 1).

In the first 36 months of follow-up, primary care utiliza-
tion was not significantly associated with adherence to 
screening recommendations for diabetes (P = .356) or 
hyperlipidemia (P = .103). Higher primary care utilization 
was not associated with control of obesity (P = .317), hyper-
tension (P = .107), diabetes (P = .871), or LDL levels 
(P = .999). There was a statistically significant association 
between uncontrolled triglyceride levels and high primary 
care utilization (P = .002).

Discussion

Few liver transplant recipients with MASH met guideline-
based recommendations for preventative screening post-
transplant for diabetes or hyperlipidemia. The percentage of 

patients in this cohort with control of obesity, hypertension, 
diabetes, and hyperlipidemia decreased post-transplant. While 
primary care utilization was high, it was not associated with 
meeting screening recommendations or control of conditions 
associated with MetS.

The worsened control of MetS comorbidities over time 
seen within our patient cohort is consistent with past litera-
ture showing high prevalence of hypertension, diabetes, 
obesity, and dyslipidemia post-transplant.8,12,13 While not 
directly evaluated in our study, MetS comorbidities are 
known to contribute to post-liver transplant morbidity and 
mortality.13-16 Further supporting the clinical importance of 
screening for and controlling MetS comorbidities post-
transplant, a recent cohort study showed blood pressure 
control according to clinical practice guidelines among 
liver transplant recipients was associated with decreased 
mortality and cardiovascular events.26

To our knowledge this is the first study to look at the 
association of primary care utilization with meeting screen-
ing recommendations and control of MetS comorbidities in 
patients who received a liver transplant secondary to 
MASH or cryptogenic cirrhosis. In our cohort, more office 
visits with primary care providers were not associated with 
patients meeting screening recommendations or control of 
MetS conditions. Although recommendations for the care 
of post-transplant patients are published, primary care pro-
viders may not be aware of these guidelines.8,22,23,27,28 
Additionally, a recent study found that providers may not 
recognize the increased risk of cardiovascular disease in 
liver transplant recipients and may have low confidence in 
their ability to provide cardiovascular care to this patient 
population.29

Furthermore, best practices for care coordination 
between primary care and transplant hepatologists post-
transplant are unknown and only minimal research efforts 
have been devoted to this. In a small postal survey to trans-
plant hepatologists conducted over a decade ago, the major-
ity of hepatologists indicated that primary care providers 
should be managing MetS related conditions including 
hypertension, diabetes, and dyslipidemia.20 In a telephone 
survey to transplant centers throughout the United States 
conducted over 20 years ago, there was significant variabil-
ity in the expectations and roles of primary care providers in 
the post-transplant care of patients.21 In a recent study 
involving focus groups, providers identified unclear care 
team roles and responsibilities as well as perceived com-
plexities of communication and coordination with trans-
plant teams as barriers for managing cardiovascular disease 
in liver transplant recipients.29 While some centers may 
have developed explicit clinical pathways, including proto-
cols for post-transplant follow-up, these are not universally 
adopted by all transplant centers.30

There are multiple limitations with this study. To allow 
for a comprehensive retrospective chart review, we needed 
to utilize a small convenience sample of patients meeting 
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Table 2.  Demographic Characteristics, Primary Care Utilization, MetS Screening, and Comorbidity Control in MASH Liver 
Transplant Recipients.

Demographic information

Male (%) 20 (54)
Median age in years (range) 62 (38-75)
Race/Ethnicity
  Caucasian/White (%) 19 (51.4)
  African American/Black (%)     0
  Hispanic (%) 13 (35.1)
  Asian (%) 1 (2.7)
  Other or missing (%) 4 (10.8)
Primary indication for liver transplant
  MASH cirrhosis (%) 31 (83.8)
  Cryptogenic cirrhosis (%) 6 (16.2)

Primary care utilization

Total visits 366
Median number of visits per patient (range) 9 (1-27)
Median time to first visit in days (range) 68 (10-760)

MetS screening

Obesity
  % of visits with BMI recorded (n) 92.1 (337/366)
Hypertension
  % of visits with blood pressure recorded (n) 98.4 (360/366)
Diabetes
  % of patients meeting AASLD diabetes screening recommendations (n) 8.1 (3/37)
  % of patients with yearly monitoring of hemoglobin A1c (n) 48.6 (18/37)
Hyperlipidemia
  % of patients meeting AASLD cholesterol screening recommendationsa 16.2 (6/37)

MetS control

Obesity
  % of patients with average BMI < 30, year 1 (n) 61.1 (22/36)
  % of patients with average BMI < 30, year 2 (n) 44.1(15/34)
  % of patients with average BMI < 30, year 3 (n) 38.2 (13/34)
Hypertension
  % of patients with blood pressure control, year 1 (n) 61.1 (22/36)
  % of patients with blood pressure control, year 2 (n) 42.9 (15/35)
  % of patients with blood pressure control, year 3 (n) 54.9 (19/35)
Diabetes
  % of patients with diabetic control, year 1 (n) 68.2 (15/22)
  % of patients with diabetic control, year 2 (n) 60.9 (14/23)
  % of patients with diabetic control, year 3 (n) 65.4 (17/26)
Hyperlipidemiaa

  % of patients with LDL at goal, year 1 (n) 69.6 (16/23)
  % of patients with LDL at goal, year 2 (n) 52.9 (9/17)
  % of patients with LDL at goal, year 3 (n) 52.6 (10/19)
  % of patients with triglycerides at goal, year 1 (n) 63.6 (14/22)
  % of patients with triglycerides at goal, year 2 (n) 53.3 (8/15)
  % of patients with triglycerides at goal, year 3 (n) 50.0 (9/18)

aUnable to confirm fasting status of laboratory tests.
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inclusion criteria which limited our sample size and study 
power. When evaluating primary care utilization, we 
included only in-person office-visits given the low rates of 
telehealth during the study period. We were unable to assess 
the main purpose of visits and if patients saw their assigned 
longitudinal primary care provider or another provider 
within the practice. Our sample only included patients who 
received care through a closed healthcare system, and it is 
possible that patients may have concurrently received care 
elsewhere with data not linked to the EMR to allow for 
inclusion in this review. The study did not specifically eval-
uate or control for pre-transplant factors including patient’s 
engagement with primary care or the presence of MetS con-
ditions prior to liver transplant. We also did not evaluate if 
patients were on treatment for MetS conditions either pre- 
or post-transplant. As this study was focused on primary 
care utilization, it did not quantify the involvement of liver 
transplant providers for each patient throughout the study 
period, but it is standard practice that beyond 1 year post-
transplant liver transplant recipients are seen by the trans-
plant team only annually.

Conclusion

This retrospective rechart review adds to the literature 
showing increased rates of conditions associated with MetS 
in patients who have undergone a liver transplant secondary 
to MASH or cryptogenic cirrhosis. In our patient cohort, 
primary care utilization was not associated with meeting 
screening recommendations or control of conditions associ-
ated with MetS. More research is needed to assess primary 
care providers’ knowledge of screening guidelines and to 
further investigate patient-level, provider-level, and sys-
tem-level barriers to screening and management of MetS in 
this high-risk patient population. The optimal strategy to 
provide education and support to primary care providers 
caring for liver transplant recipients, as well as models of 
transitions in care also warrant further exploration.
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