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ABSTRACT

Background and objectives: Nonalcoholic steatohepatitis (NASH) is strongly associated with
obesity. A weight loss of 210% is necessary to improve NASH severity, but this goal has rarely
been achieved in published studies using different diet protocols. The effect of a ketogenic,
hypocaloric, commercial diet (“Ideal Protein,” IP) on body weight, metabolic markers, and liver
tests in a group of NASH patients is evaluated in this study. Daily calorie intake was tailored
to achieve a weight loss of 210%. Methods: We analyzed 38 patients with NASH who were
placed on the IP diet between 2014 and 2018 and compared their outcomes with 6 control
patients who declined the diet. All patients were evaluated by a trained health coach in weekly
intervals throughout the study period. Clinical and laboratory data obtained before and at 6.5
months after intervention were compared using paired t-testing. Results: The patients on the
IP diet experienced a significant weight reduction (217 £ 8 Ib vs. 194 + 7 Ib; mean + S.E.M.),
corresponding to an average weight loss of 9.7% + 1.6%. Significant changes in systolic blood
pressure (133 £ 3 mmHg vs. 123 + 3 mmHg), triglycerides (200 + 21 mmol/L vs. 132 £ 11
mmol/L), hemoglobin A1c (6.71% £ 0.29% vs. 5.74% + 0.19%), SGPT (97.3 £ 11.1 IU/L vs. 44.2
£5.91U/L), SGOT (82.4 £ 10.5 IU/L vs. 32.8 £ 5.2 |U/L), and Fib-4 scores (2.25 + 0.23 vs. 1.40
1 0.13) were also observed (P<0.05 in all cases). In the IP group, 50.5% of patients lost 210%
body weight. In contrast, no significant changes were observed in the control group. The IP diet
was well tolerated, and no safety signals were noticed. Conclusions: A ketogenic, hypocaloric
resulted in striking weight loss and significant improvements in metabolic parameters and liver
tests, suggesting that this approach carries promise for the dietary management of patients
with NASH.

Key words: nonalcoholic fatty liver disease, high-protein diet, metabolic syndrome, Ideal Protein diet, caloric restriction,
weight management, lifestyle intervention

INTRODUCTION

Nonalcoholic steatohepatitis (NASH)—
an obligatory precondition for cirrhosis
development in patients with fatty liver
disease—is strongly associated with
obesity, diabetes, and other features of
metabolic syndrome.lY The undetlying
insulin resistance is considered a key
driver of hepatic inflammation and
fibrogenesis.” Despite the vigorous interest
in pharmaceutical treatment options
for NASH, there is a general consensus
that dietary and lifestyle modifications
represent an integral part of the overall
treatment plan for the management of the

disease.P! Recent epidemiologic studies and
clinical trials have provided evidence that
a robust weight loss—at least 7-10%—is
necessary to reduce hepatic inflammation
and reverse fibrogenesis.! This critical
weight loss requirement can be achieved
with a variety of dietary regimens, including
the Mediterranean diet, low-fat diet, or
low-carbohydrate diets.”! However, only a
minority of patients with NASH reached
the critical weight loss threshold in these
studies.

Our institution recently established a
comprehensive weight management
program that incorporates a commercially
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available, hypocaloric ketogenic diet (“Ideal Protein,” IP).
This program was primarily designed for the management
and prevention of cardiovascular disease in obese patients.
On the basis of the shared metabolic risk factors of patients
with fatty liver disease, we tested the impact of this program
in our NASH population. The results of our study suggest
that this approach holds promise for patients with NASH.

METHODS

Study population

We searched the electronic medical records for all patients
with a prior diagnosis of NASH who had been evaluated in
our Hepatology Clinic between January 2014 and July 2018
and who had been referred to our Weight Management
Clinic during this time period. The diagnosis of NASH
was ascertained by a vatiety of tests, including liver biopsy,
transient elastography (“FibroScan”), magnetic resonance
elastography, and characteristic liver test abnormalities,
following standard clinical guidelines.[¥ Patients with
stable, NASH-related cirrhosis were included. Patients with
concomitant chronic liver disease caused by HBV or HCV
infection, autoimmune liver diseases, hemochromatosis,
Wilson disease, lipodystrophy, abetalipoproteinemia or
patients taking medications known to induce hepatic
steatosis were excluded. Patients with a documented
history of hyperuricemia, nephrolithiasis, ketoacidosis, or
cardiac arrhythmias were excluded. In addition, patients
with an average daily alcohol intake of more than one
standard drink were excluded. This study was approved by
the Institutional Review Board of NorthShore University
HealthSystem. We identified 43 patients who met the
inclusion criteria.

Weight management program

We used a comprehensive weight management strategy
that is based on a calorie-restricted, ketogenic, moderate-
fat/moderate-protein diet, in conjunction with intense
counseling and close follow-up. The diet is commercially
available in the United States and other countties (IP). The
weight management program consists of four phases, with
the first phase designed to achieve the weight loss goal and
the subsequent phases aimed at maintaining and stabilizing
the initial weight loss.

The IP diet preferentially incorporates carbohydrates with
a low glycemic index (primarily vegetables) and lean meats
and fish as preferred protein and fat sources, respectively.
Olive and grape seed oils represent the major sources of
fatty acids. The macronutrient profile of the IP diet is
50% fat, 30% protein, and 20% carbohydrates. In addition,
patients receive daily omega-3 fatty acids, multivitamin,
calcium, magnesium, and potassium supplements.

An individual weight loss target corresponding to 10%
of the pre-intervention body weight was established
for each patient, and the corresponding caloric intake
was determined accordingly. On an average, patients
consumed 900-1100 kcal/day until their weight loss target
was reached. They were given instructions on essential
dietary rules, including complete alcohol avoidance. They
were also advised on how to prepare one daily meal at
home. They were visited by the health coach on a weekly
basis, under the supervision of a physician with expertise
in weight management. Their weights were recorded,
and adjustments to their diets were made at the coach’s
discretion. We did not routinely measure blood or urinary
ketones, although individual patients were encouraged to
check urinary ketones at their own discretion.

Monitoring in hepatology clinic

Patients visited the hepatology clinic in 3-month
intervals. Their vital sighs—including weight and
BMI—were recorded at each visit. Blood tests were
obtained for metabolic and liver-related tests, including
total cholesterol, HDL cholesterol, LDL cholesterol,
triglycerides, hemoglobin Alc, SGPT, SGOT, albumin, and
platelets. Noninvasive fibrosis evaluation was performed
using the Fib-4 index.

Study groups and statistical analysis.

Patients were stratified according to their decisions to enroll
(“IP group”; n = 38) or to decline participation (“control
group”; # = 0) in the weight management program. Pre-
and post-treatment data were analyzed using paired Student
t-testing, using a significance level of P<0.05.

RESULTS

The two patient groups did not differ significantly with
respect to age, sex, ot race (Table 1). IP patients experienced
a marked weight loss, averaging >9%. Approximately one-
half of the IP patients lost 210% of their starting weights
(Figure 1). The weight loss in the IP group was statistically
highly significant. In contrast, no significant weight change
was observed in the control patients. The statistical power
for the nonsignificant difference in the control patients was
52%, whereas the power for the significant difference in
the IP patients was 99%. The difference in power was due
to the small sample size of the control group.

Weight loss in the IP group was accompanied by a
reduction in systolic blood pressure, with a similar trend
in diastolic blood pressures that did not reach statistical
significance. In comparison, no blood pressure changes
were observed in the control group (Table 1). IP patients
experienced significant reductions in glycated hemoglobin
and triglyceride levels, with no changes in HDL or LDL
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Table 1: Demographic features, weight responses, and changes in laboratory data in NASH control patients and in
patients enrolled in the Ideal Protein (IP) weight management program.

Control Patients (n = 5) IP Patients (n = 38)

Before After P-value Before After P-value
Age, years 50.6+5.9 53.6+2.0 n.s.
Sex (female/male), % 40/60 52.6/47.4 n.s.
Race (white/nonwhite), % 80/20 60.53/39.47 n.s.
Body weight, Ib 211 + 16 215 + 17 n.s. 217 + 8 194 + 7 2.20E-11
Body mass index 33 + 2 35 + 2 n.s. 34 £ 1 31 £ 1 9.60E-12
weight loss, % +2 £ 1 -10 = 2 <0.0001
weight loss = 10%, % 0 51
Systolic blood pressure, mmHg 124 + 1 125 + 1 n.s. 133 £ 3 123 £ 3 <0.005
Diastolic blood pressure, mmHg 78 + 1 81 + 1 n.s. 79 = 1 76 = 1 0.057
Glycated hemoglobin, % n.a. n.a. 7 £ 0.3 6+ 0.2 <0.005
Triglycerides, mmol/L n.a. n.a. 200 + 21 132 £ 11 <0.00005
HDL cholesterol, mg/dL n.a. n.a. 40 + b 25 +5 n.s.
LDL cholesterol, mg/dL n.a. n.a. 110 + 9 115 + 9 n.s.
Platelet count, x 1,000/ml 258 + 18 250 + 21 n.s. 220 + 10 204 + 8 <0.05

NOTE: Quantitative data expressed as mean + S.E.M. Within-group comparisons were performed using Student’s t test. A P-value of <0.05 was considered
significant.
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Figure 1: Weight loss distribution in patients on the IP protocol. The figure shows the percentage of IP patients who achieved a weight reduction over a range of thresholds
(from 0% to 22%). Approximately 50% of patients achieved a weight loss of =10% (red bar).
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cholesterol. No changes were observed in the control
group. A numerically small (7.3%) reduction in platelet
count was observed in the IP group, with no respective
change in the control group.

In the IP group, we observed significant reductions in
SGPT and SGOT levels, as well as Fib-4 scotes, without
accompanying changes in serum albumin (Figure 2). No
changes in liver enzymes or Fib-4 scores were observed in
the control group (data not shown).

DISCUSSION

NASH has emerged as a major public health issue in
Western countries. It is projected to become the leading
cause of chronic liver disease and its complications,
including cirrhosis and hepatocellular cancer, within the
next decades.”! The undetlying risk factors for NASH
include sedentary behavior, low physical activity, poor
diet, and genetic predisposition. Similar to other disease
processes related to obesity and metabolic syndrome,
improvement of patients’ diet is considered a cornerstone
of disease management for patients with NASH.P!

Our study highlights the marked impact of a low-calorie,
ketogenic diet on patient’s weights, metabolic markers of
insulin resistance, liver inflammation, and fibrosis.

In our retrospective analysis, approximately half of the
patients achieved or exceeded a weight loss of 10%,
considered the critical threshold for the resolution of
hepatic inflammation and regression of fibrosis.® Weight
loss was associated with significant changes in systolic blood
pressure, hemoglobin Alc, and triglycerides. Strikingly, we
also observed significant decreases in transaminase levels
and Fib-4 scores, suggesting a beneficial effect on hepatic
inflammation and fibrogenesis.

The high success rate of our program compates favorably
with published data from several dietary intervention trials.
For example, in the landmark study by Vilar-Gomez and
colleagues,”’ 293 Cuban patients with biopsy-confirmed
NASH were instructed to consume a low-fat, hypocaloric
diet, providing 750 kcal/day less than their estimated daily
energy requirements. Patients were regularly counseled
with regard to maintaining a healthy lifestyle that included
regular, moderate exercise. Although the majority of

Figure 2: Effect of the IP protocol on liver tests. The figure shows SGPT, SGOT, albumin, and Fib-4 scores before and at the end of the weight loss phase. Data are shown

as mean *= S.E.M.
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patients experienced a statistically significant weight loss
and improvement in liver histology, only 9.8% of patients
achieved a weight loss of =10%." Our results ate also
comparable with those reported by Promrat ¢f a/. who
performed a randomized controlled trial on weight loss in
patients with NASH.I"! In this study, the treatment group
was instructed to consume a hypocaloric diet containing
25% fat, consistent with recommendations by the American
Heart Association and the American Diabetes Association.
In addition, patients underwent behavioral counseling,
and they were encouraged to engage in regular exercise
activities. Over the 2-year study period, 40% of patients
in the treatment group achieved a weight loss of =10%,
and this was associated with significant improvements in
histologic NASH activity.!")

We acknowledge that a weight-focused dietary approach
may be overly simplistic for outpatient population.
Significant improvements in metabolic syndrome and
NASH may be achievable by focusing on the composition
of the diet, rather than its caloric content. Perhaps the
best-studied example in this regard is the “Mediterranean
diet,” which emphasizes natural unprocessed foods,
reduced intake of sweets, red and processed meats, and
high intake of olive 0il.'""*! On the basis of its excellent
safety profile and beneficial effects on features of
metabolic syndrome, the Mediterranean diet has received
a first-line endorsement by the European Association
for the Study of Liver Diseases (EASL).'"l However,
we note that large-scale, prospective trials documenting
the efficacy of the Mediterranean diet in patients with
NASH are lacking.

Similarly, we consider that the low-carbohydrate/
moderate fat composition of the IP diet may exert calorie-
independent, beneficial effects. The complex interplay
between overall calorie intake and the specific macro- and
micronutrient balance has been extensively investigated
in the past. 17?1 Several authors have demonstrated
that a “simple ketogenic diet” may result in a significant
improvement in hepatic steatosis.*! Similatly, relatively
high protein content may exert beneficial effects in fatty
liver disease.” *! However, we are skeptical of whether
a meaningful improvement in hepatic inflammation and
fibrosis can be achieved without calorie depletion in the
majority of patients with NASH.

Of note, the IP diet was well tolerated, apart from
occasional complaints of constipation or lack of
palatability. Unlike most studies of lifestyle intervention
in NASH, patients were discouraged from concomitantly
increasing their exercise activities in order to avoid excessive
protein catabolism that is a hallmark of advanced chronic

liver disease. Although the manufacturers of the IP have
recommended closer monitoring of patients with liver
disease, we did not notice any untoward effects or safety
signals in our patient population that included several
patients with stable cirrhosis. Along these lines, we
specifically excluded patients with decompensated cirrhosis
who would be particulatly susceptible to protein and calorie
malnutrition.

Potential advantages of our approach include the relative
simplicity of the treatment protocol. Patients were not
required to perform calorie counting or to spend extended
amounts of time to procure the “correct ingredients.”
Frequent interactions with the study coaches were another
key feature of our protocol. According to informal
teedback from our patients, the counseling sessions were
extremely important, especially given the significant
physical and mental strain of strict dieting, The importance
of frequent, in-person counseling is well documented in
the literature and may in fact rival the importance of the
specific diet composition.*"

Our study has several limitations, including its retrospective
design and the lack of randomization. The lack of
randomization precluded any direct statistical comparison
between the IP patients and the control group. In a
future randomized clinical trial, we plan on recruiting
equally sized case and control populations. It is likely
that we selected for highly motivated patients who were
likely to adhere to the diet, a feature that would enhance
the apparent treatment effect. Another limitation is the
lack of a longer-term follow-up period. On the basis
of the published literature, a significant percentage of
patients regain weight after the successful completion
of a hypocaloric loss program. It remains to be seen
whether our patients will maintain their weight loss during
the “weight stabilization phase” of the IP diet. Another
limitation is the lack of pre- and post-treatment fibrosis
staging in our patients, which allows for the possibility that
significant weight loss might occurred without significant
changes in liver disease.

In summary, our data suggest that a hypocaloric,
ketogenic diet can bring about significant weight loss and
improvements in metabolic syndrome and liver injury
and fibrosis in patients with NASH. On the basis of the
encouraging results of our pilot study, we are currently
planning a randomized prospective study to rigorously
evaluate this treatment approach.
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