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Abstract

Objectives: The aim of the study was to determine whether pediatric patients with nonalcoholic
fatty liver disease (NAFLD) exposed to psychotropic medications have more severe liver disease
compared to their counterparts who are not on these medications. We hypothesize that use of
psychotropic agents is associated with liver disease severity.

Methods: Children and adolescents with biopsy-confirmed NAFLD were included in this study.
Histology data, detailed clinical information, and results of serum biochemistries performed within
3 months of the liver biopsy were collected retrospectively. Univariate and multivariate modeling
was used to determine differences between the groups and to control for confounders.

Results: A total of 228 patients were included, 17 (8%) of whom where on psychotropic
medications at the time of the liver biopsy. Patients on psychotropic medications were more likely
to also be on metformin (53% vs 18%, A<0.01) and antihypertensive medications (29% vs 8%,
£<0.01) compared to children with NAFLD who were not on psychotropic agents. There were no
differences in regards to biochemical evidence of liver injury, insulin resistance, and dyslipidemia
between the groups. On histology, however, the use of psychotropic medications was associated
with increased steatosis severity (score 2.4 vs 1.9, £=0.04) and increased likelihood of having an
NAFLD Activity Score =5 (seen in 59% vs 35% or patients; P=0.05, respectively).

Conclusions: In this large cohort of children with biopsy-confirmed NAFLD, the use of
psychotropic medications was associated with increased liver disease severity. Exposure to
psychotropic agents should be considered when risk stratifying children with NAFLD.
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Psychotropic medications are defined as drugs that have the ability to modify a subject’s
mood or behavior. Antipsychotics, antidepressants, and mood stabilizers are considered
psychotropic agents. Use of these medications has an impact on body weight and

metabolic risk factors, with antipsychotics and antidepressants often contributing to weight
gain, hypertension, dyslipidemia, and type 2 diabetes mellitus (1-3). The metabolic side
effects of certain psychotropic medications are common. For instance, when considering a
complication such as weight gain of =7%, for olanzapine the number needed to harm is only
3 (4). This is particularly concerning given epidemiologic data that suggest that in the past
several decades the use of psychotropic medications in pediatrics (single or combinations of
drugs) has been increasing (5,6).

In addition to the aforementioned metabolic complications, certain psychotropic agents,
particularly the atypical antipsychotics, can directly affect lipid handling within the liver
leading to increased de novo lipogenesis (7) or decreased fatty acid oxidation (8). Through
these mechanisms, psychotropic medications can contribute to the development and possible
progression of hepatic steatosis (9). Nonalcoholic fatty liver disease (NAFLD) is the most
common liver disease in pediatrics (10). It typically occurs in the context of excess adiposity
and is characterized by hepatic steatosis, with or without necroinflammation and fibrosis
(11,12). Based on recent animal data, exposure to atypical antipsychotics is associated with
increased severity of NAFLD activity and fibrosis compared to nonexposed controls (13).
Thus, one can postulate that exposure of patients with NAFLD to atypical antipsychotics has
the potential to alter the natural history of this disease (13).

Although it has been shown that adults with more severe depressive symptoms have more
significant hepatocellular ballooning in the context of NAFLD (14), there are limited

data on the impact of antidepressants on the development and progression of fatty liver
disease. Commonly used antidepressants, such as serotonin reuptake inhibitors, lead to
increases in serotonin levels. Serotonin has been shown to contribute to oxidative stress in
murine models of nonalcoholic steatohepatitis (NASH) (15). Other agents, such as tricyclic
antidepressants, have previously been linked to more significant portal inflammation in
adults with NASH (14). In spite of the aforementioned literature, the impact of psychotropic
medications (single or combinations) on liver disease severity of children with NAFLD has
not yet been investigated.

The objective of this study was to determine the prevalence of psychotropic agent use in
a pediatric cohort with NAFLD and to investigate whether these patients have more severe
liver disease than their counterparts who are not exposed to psychotropic medications.

METHODS

This was a retrospective study performed at the Steatohepatitis Center of Cincinnati
Children’s Hospital Medical Center. Inclusion criteria were patients with histologically

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2021 October 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mouzaki et al.

Page 3

confirmed NAFLD followed at the Steatohepatitis Center from August 2010 to November
2017. Exclusion criteria were secondary causes of hepatic steatosis (eg, medication use,
endocrine disorders, genetic/metabolic conditions) or other liver diseases in addition to
NAFLD (eg, autoimmune hepatitis, Wilson disease, viral hepatitis). Approval by the
Institutional Review Board was obtained before data collection.

Patients were included if they were on psychotropic medications at the time of the

liver biopsy, and for a minimum of 3 months immediately preceding the biopsy

(details on these medications are included in the Supplementary Table 1, Supplemental
Digital Content, http:/links.lww.com/MPG/B658). Because stimulants are psychotropic
medications associated with weight loss, which is not expected to have an adverse impact
on NAFLD, they were not included in the analyses. Similarly, use of topiramate, which is

a mood stabilizer also associated with weight loss, was excluded from the analyses. Other
data collected for the purposes of this study included general cohort characteristics (age, sex,
ethnicity, anthropometrics, other medication use including vitamin E, metformin or statins,
diagnosis of type 2 diabetes mellitus), laboratory investigations obtained within 3 months of
the liver biopsy, and the detailed liver histology data. In our cohort, vitamin E was used for
the treatment of NASH, metformin was used to treat either impaired glucose tolerance or as
prophylaxis in those prescribed certain psychotropic medications and statins were used for
the treatment of dyslipidemia.

Severity of obesity was defined using established pediatric criteria (16). Severity of NAFLD
was scored using validated criteria to calculate the NAFLD activity score (NAS), and was
also assessed by comparing scores for steatosis, portal and lobular inflammation, ballooning
degeneration, and fibrosis severity (12). In our institution, patients are likely to undergo a
liver biopsy if there is suspicion for more severe NAFLD (eg, patients with persistently
elevated liver enzymes [alanine transferase (ALT) >50 U/L for 3-6 months] and lack of BMI
improvement in spite of healthy lifestyle counseling; a diagnosis of metabolic syndrome or
obstructive sleep apnea; imaging evidence of splenomegaly and/or increased liver stiffness
on magnetic resonance elastography) or if there is concern regarding another underlying
liver disease (eg. Wilson disease due to a low ceruloplasmin level).

Descriptive statistics were used and data were presented as medians with ranges. Wilcoxon
rank-sum test was used to compare continuous variables between the groups and chi

square or Fisher exact testing was used to compare categorical variables. Proportional odds
and logistic regression models were used to assess the risk of more advanced histologic
scores after controlling for confounding variables. Graphic representation of the data was
performed using box plots. Stata MP v13.0 for Mac (College St, TX) was the software used
to perform the statistical analyses.

RESULTS

Of the 228 patients who had undergone a liver biopsy for the investigation of fatty liver
disease, 17 (8%) were on concurrent psychotropic medications. The majority of the patients
were on more than one of these agents at the time of the liver biopsy (44% were on 1
medicine, 50% on 2, and 6% on 3 psychotropic medications concurrently). The median
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duration of psychotropic medication use before the liver biopsy was 12 months (range:
3-53 months). The categories of medications used were mood stabilizers (26% of patients),
antidepressants (42% of patients), atypical antipsychotics (63% of patients) and anxiolytics
(21% of patients). Patients on psychotropic medications were of similar age, sex, ethnicity,
and obesity severity as their counterparts who were not on these medications (Table 1).

The proportion of patients with type 2 diabetes mellitus was not different between the
groups (18% of those receiving psychotropic medications vs 9% in those not on these
medications, £=0.25). The median (range) duration of treatment with vitamin E, statins,
metformin and antihypertensives in this cohort was 8 (0.5-34) months, 17 (6—29) months, 9
(0.5-66) months, and 7 (0.5-58) months, respectively. None of the patients on psychotropic
medications were receiving vitamin E or statins at the time of the liver biopsy; however,

the proportion of patients receiving metformin was greater in the group of patients also on
psychotropic medications (53% vs 18%, A<0.01). Similarly, use of antihypertensives was
more frequent in the group of patients receiving psychotropic medications (29% vs 8%,
£<0.01). The clinic visit frequency was not different between those taking compared to those
not taking these drugs (8.8+1.1 vs 7.2+0.3, P=0.12).

The results of the laboratory investigations that had been performed within 3 months of the
liver biopsy are shown in Table 2. In summary, biochemical evidence of liver injury was
not different between the groups. Similarly, the lipid profile and HbAlc levels were not
significantly different between the groups.

In terms of histology, the severity of steatosis (average score 2.4 vs 1.9, respectively;
P=0.04) was higher in patients on psychotropic medications compared to the patients not
receiving these medications. In addition, the proportion of patients with NAS =5 was higher
in patients receiving psychotropic medications compared to those who were not (n patients
[%]: 10 [59%] vs 74 [35%], respectively; P=0.05). The median NAS, the severity of lobular
and portal inflammation, and the fibrosis score were not different between the groups (Fig.
1). There were no differences in the severity of steatosis (P=0.41), lobular inflammation
(P=0.41), or the risk of having an NAS =5 (P=0.62) in patients receiving 1 versus more
psychotropic medications. Logistic regression with multiple variables (each variable was
tested individually along with psychotropic medication use) suggested that log-transformed
ALT and psychotropic medication use predicted steatosis. These variables were jointly
significant (logALT odds ratio [OR] 6.69, 95% confidence intervals 2.56-17.20; absence
of psychotropic medication use OR 0.33, 95% confidence intervals 0.12-0.89). When
psychotropic medication use was modeled jointly with other variables to predict lobular
inflammation the findings were not significant. LogALT and psychotropic agent use were
also jointly predictive of an NAS =5 (logALT OR 6.8, 95% confidence intervals 2.3-20.0;
absence of psychotropic medication use OR 0.4, 95% confidence intervals 0.1-1.0).

DISCUSSION

In this study, we investigated the frequency of psychotropic medication usage in a large
cohort of children and adolescents with biopsy-confirmed NAFLD and examined the
association between treatment with psychotropic medications and liver disease severity.
Nearly 1 in 10 patients were using psychotropic medications and the majority was taking
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>1 psychotropic agent at the time of liver disease assessment. Patients receiving these
medications had more significant steatosis, and as a result a greater proportion of them

had an NAS =5, in spite of similar obesity severity and comparable biochemical markers

of liver injury and dyslipidemia. Histologic severity of inflammation, ballooning, and
fibrosis was not different between those exposed and those not exposed to psychotropic
medications. Although HbA1c levels did not differ, metformin use was almost twice as
common in patients also receiving psychotropic agents. Use of antihypertensive medications
was also more frequent in the group of patients exposed to psychotropic drugs. Collectively,
these data support an association between psychotropic drug use and risk of metabolic
comorbidities, including hepatic steatosis, independent of weight status.

The increased liver disease severity seen in patients exposed to psychotropic medications
may be directly related to the drug use (as is the case with various other medications

that can contribute to the development of hepatic steatosis, such as corticosteroids), or

may be secondary to the metabolic dysregulation seen in these patients. The latter may
have also been driven, at least in part, by a high proportion of patients taking atypical
antipsychotics that are particularly known to contribute to impaired glucose tolerance

and dyslipidemia. More frequent use of antihypertensive medications in those receiving
psychotropic medications is one indicator of increased cardiometabolic risk in our cohort.
Although our study was not designed to determine causation, there is substantial evidence
from the literature that psychotropic medications can modify lipid handling within the liver
(1,3,8,9,13). This could explain the higher steatosis scores seen in our patients; however, this
remains to be investigated further.

The disproportionately more frequent use of metformin in the cohort of patients receiving
psychotropic medications was not surprising and does not necessarily reflect more
significant insulin resistance in this cohort. In fact, the proportion of patients with type

2 diabetes mellitus was not different between the groups. Often, metformin is started
prophylactically in clinical practice when prescribing atypical antipsychotics, given its
beneficial effects on weight and insulin sensitivity (17-19). Although impaired glucose
tolerance is a known driver for the development of NAFLD and could have contributed to
the higher steatosis scores, HbAlc levels were similar between the groups, rendering this
hypothesis less likely. In summary, it should be highlighted that while use of metformin may
have been beneficial in controlling psychotropic medication-induced weight gain and insulin
resistance in our cohort, it was not associated with a protection against hepatic steatosis. A
prior pediatric clinical trial of metformin in children with confirmed NAFLD likewise did
not show a beneficial impact of metformin on the liver steatosis over a 2-year period (20).

Beyond direct effects, psychotropic medications could contribute to more severe liver
disease in patients with NAFLD through indirect mechanisms, such as effects on appetite.
The weight gain seen with the use of these drugs has in part been attributed to dysregulated
satiety pathways (21). We did not have access to data quantifying appetite or caloric intake
of patients included in this study. If appetite dysregulation were, however, a contributor

to the more severe liver disease seen in patients on psychotropic agents, we would have
expected to see more significant obesity in those on psychotropic medications than in the
remaining NAFLD cohort, which was not the case in our study.

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2021 October 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mouzaki et al.

Page 6

Apart from metabolic dysregulation and effects on appetite, the need for treatment with
psychotropic medications may point to mental health comorbidities that complicate the care
of patients with NAFLD. The mainstay of treatment for pediatric NAFLD is introduction

of lifestyle changes through dietary and physical activity modifications (10). Implementing
lifestyle changes may be more challenging in patients with concurrent underlying behavioral
or psychological health issues (22). Similarly, another important aspect of the care of
patients with NAFLD is the frequency with which they are followed in outpatient clinics.

It has previously been shown that more frequent clinic visits were associated with more
significant improvements in serum transaminases (23). Patients with behavioral or emotional
comorbidities may be less likely to attend regular clinic visits either due to their underlying
conditions or because they have multiple other providers that follow them (24). In our study,
the clinic visit frequency was not lower in those taking psychotropic medications. Lastly,

it is possible that those on psychotropic medications were more likely to consume alcohol,;
however, the literature on this topic is not clear (25,26).

The use of psychotropic medications in this cohort was 8- to 10-fold higher than what would
have been expected given the most recent pediatric literature from the United States (27,28).
It is, however, within the expected range for a predominantly obese cohort of children

and adolescents, as reported recently by Krawczyk et al (29). In this study, the rates of
psychotropic medication use in children participating in weight-loss camps across the United
States and the United Kingdom were not only higher than the general population, but they
also ranged dramatically by geographic location. For instance, 3% of children attending
weight loss camps in the United Kingdom were on psychotropic medications compared to
31% in Wisconsin. Regional approaches to psychotropic agent use and their impact on liver
disease severity in children with NAFLD remains to be investigated further.

Limitations of the study include its retrospective design and the lack of data on dietary
intake (including alcohol intake or substance abuse), physical activity, and medication
compliance. The histology data included in this study had not been reviewed by a single
pathologist. In addition, sample size precluded investigating independent effects of different
classes of psychotropic medications on NAFLD severity. The impact of these drugs on
metabolism varies and that effect may be further modified by altered drug metabolism
driven by polypharmacy. Lastly, we did not have access to baseline data (ie, liver disease
assessment or severity before the initiation of psychotropic medications).

CONCLUSIONS

This study provides preliminary evidence that the use of psychotropic medications in
childhood is associated with an increased risk of more severe hepatic steatosis, in spite

of similar obesity severity. It remains to be determined whether this association is causative
and if it has an impact on the natural history of pediatric NAFLD. Other features of NASH,
such as inflammation and fibrosis were not worse in those taking psychotropic medications
in our study, a finding that should be explored further in larger cohorts. Given the increasing
usage of these medications in children and the rising burden of NAFLD in childhood, the
potential impact of these medications on clinical (eg, body composition, change in physical
activity levels) and histological outcomes should be examined prospectively. In addition,
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further investigations of the impact of mood disorders alone or in conjunction with their
comorbidities (eg, obstructive sleep apnea) on the severity of pediatric NAFLD are needed.
Should our findings be validated in larger cohorts, exposure to psychotropic medications can
be used to risk stratify patients at various stages of their care, such as when considering a
liver biopsy, or when determining the optimal frequency of outpatient clinic visits, or lastly,
when deciding on the use of treatments, such as vitamin E.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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What Is Known

. The use of psychotropic medications, namely antipsychotics and
antidepressants, has been associated with weight gain and the development
of metabolic dysregulation, such as insulin resistance.

. Psychotropic medications can also affect lipid handling within the liver and
thus predispose patients to nonalcoholic fatty liver disease.

What Is New

. This study shows that in pediatric nonalcoholic fatty liver disease, there
are obesity-independent associations between the use of psychotropic
medications and liver disease severity.

. Psychotropic medications are associated with more significant hepatic
steatosis.
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Ranges for the scores depicted in this figure are as described by Kleiner et al.
(steatosis: 0-3, lobular inflammation 0-3, ballooning degeneration: 0-2,
NAFLD Activity Score: 0-8, portal inflammation 0-2 and fibrosis 0-4).

FIGURE 1.
Box plots of histology scores of patients with NAFLD grouped by exposure to psychotropic

medications. NAFLD = nonalcoholic fatty liver disease.
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TABLE 1.

Differences in demographic and clinical characteristics between those who were and those who were not on
psychotropic medications at the time of the liver biopsy
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Variable No psychotropic medications (n=211)  Receiving psychotropic medications (n=17) P
Age 14 (2-21) 15 (8-17) 0.82
Sex; n (% male) 136 (65%) 13 (76%) 0.33
Ethnicity 0.61
N (%) Hispanic 45 (21%) 2 (12%)
N (%) non-Hispanic 164 (78%) 15 (88%)
Obesity categories
Overweight; n (%) 6 (3%) 0 (0%) 0.48
Class | obesity; n (%) 42 (20%) 2 (12%) 0.41
Class Il obesity; n (%) 67 (32%) 5 (29%) 0.84
Class I11 obesity; n (%) 93 (44%) 9 (53%) 0.48
Unknown; n (%) 3 (1%) 1 (6%)
Body mass index, kg/m?2 36 (31-40) 36 (35-42) 0.36
Type 2 diabetes mellitus n(%) 19(9%) 3 (18%) 0.25
Other treatments
Vitamin E; n (%) 9 (4%) 0 (0%) 0.38
Metformin; n (%) 55 (26%) 9 (53%) 0.02
Statins; n (%) 2 (1%) 0 (0%) 0.69
Anti-HTN drugs; n (%) 16 (8%) 5 (29%) 0.01

Data are presented as medians (ranges) unless otherwise indicated.

HTN = hypertension.
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TABLE 2.

Results of laboratory investigations performed within 3 months of the liver biopsy

Variable No psychotropic medications (n=208)  Receiving psychotropic medications (n=17) P
ALT (U/L) 85 (26-429) 79 (35-199) 0.68
AST (UIL) 49 (15-240) 41 (21-132) 0.18
GGT (U/L) 47 (12-710) 52 (17-115) 0.84
Alkaline Phosphatase (U/L) 171 (55-465) 196 (78-408) 0.59
HbALc (%) 5.2 (4.3-8.8) 5.1 (4.4-10.1) 0.90
HOMA-IR 6.0 (0.8-69) 6.3 (1.4-14.8) 0.92
LDL (mg/dL) 91 (33-182) 109 (20-202) 0.09
HDL (mg/dL) 38 (19-64) 35 (15-51) 0.11
Triglycerides (mg/dL) 142 (49-495) 149 (88-721) 0.12
Steatosis 2 (0-3) 3(1-3) 0.039
Lobular inflammation 1(0-3) 1(0-2) 0.53
Ballooning degeneration 1(0-2) 1(0-2) 0.94
NAFLD activity score 4 (1-8) 5 (2-6) 0.17
Portal inflammation 1(0-2) 1(0-1) 0.53
Fibrosis severity 1(0-3) 1(0-3) 0.70

Data are presented as medians (ranges).

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2021 October 19.

Page 12



	Abstract
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	FIGURE 1.
	TABLE 1.
	TABLE 2.

