1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Obes Surg. 2012 October ; 22(10): 1540-1547. doi:10.1007/s11695-012-0677-1.

IMPACT OF WEIGHT LOSS SURGERY AND DIABETES STATUS
ON SERUM ALT LEVELS

Dimitrios Xourafas, Ali Ardestani, Stanley W. Ashley, and Ali Tavakkoli
Department of Surgery, Brigham and Women'’s Hospital/Harvard Medical School, Boston,
Massachusetts

Abstract

PURPOSE—ALT is used to detect NAFLD and has been associated with increased risk of
metabolic syndrome and T2DM. Bariatric procedures result in significant weight-loss and a rapid
resolution of T2DM. We aimed to study the impact of bariatric interventions on ALT levels in
patients with or without T2DM, and compare this effect between different types of weight-loss
procedures.

METHODS—We reviewed 756 patients undergoing bariatric surgery. Demographics, co-
morbidities, baseline and postoperative ALT and HbA1C levels, weight-loss data and diabetes
status were recorded. ALT levels were compared between different procedures and between
diabetics and non-diabetic patients. Chi-square test, ANOVA and t-test were used to evaluate
outcomes.

RESULTS—Males and diabetics had significantly higher ALT at baseline. Both RYGB and
LAGB resulted in significant reduction in ALT levels beginning at the 3rd postoperative month
(20% and 17% respectively compared to baseline, p<0.001). ALT remained at the new low level
up to year-3 after surgery. The degree of reduction was similar for both procedures and
independent of the degree of weight-loss. In diabetics, ALT reduction was associated with
improvement in disease but in T2DM patients who remained on insulin, ALT remained elevated.

CONCLUSIONS—RYGB and LAGB decrease ALT levels to the same degree and independent
of weight loss. Our data confirm higher ALT in diabetics and demonstrate a rapid normalization
after bariatric surgery with a simultaneous decrease in HbAL1C. These results suggest that ALT
may be used as a marker of metabolic improvement after bariatric surgery.
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INTRODUCTION

Obesity in the United States has been increasingly cited as a major health issue in recent
decades. The rates of obesity in the United States are among the highest in the world with
74.6% of Americans being overweight or obese [1]. Obesity results in increased visceral fat
accumulation and insulin resistance and risk for progression to a broad spectrum of
metabolic disorders such as type 1l diabetes mellitus (T2DM), hypertension (HTN),
cardiovascular disease (CVD) and Non-Alcoholic Fatty Liver Disease (NAFLD) [2]. As a
result, obesity is an important risk factor for much of adult morbidity and mortality [3].

Bariatric surgery is the best available therapy for treatment of morbid obesity and its
associated co-morbidities. Many studies demonstrate that such procedures are not only
characterized by a sustained lowering of weight but also improvements in insulin resistance,
dyslipidemia and most importantly, a reduction in all cause mortality [4, 5]. These findings
have been the driving force behind a dramatic increase in the number of such procedures in
the recent years. Roux-en-Y Gastric Bypass surgery (RYGB) is the most common weight
loss procedure, followed by Laparoscopic Adjustable Gastric Banding (LAGB) which
constitutes approximately 40% of weight loss procedures in the US. Laparoscopic sleeve
gastrectomy has become increasingly popular over the last few years. Despite differences in
degree of weight loss between the 3 procedures, they all result in a significant reduction in
BMI and improvements in metabolic parameters.

Alanine aminotransferase (ALT) is a liver enzyme commonly used to detect NAFLD, and is
used as a marker of central and visceral adiposity [6]. Increased serum ALT levels have
recently been associated with an increased risk of Metabolic Syndrome (MetS), CVD and
T2DM [7]. Several prospective studies have shown that even modest elevations of serum
ALT predict the development of MetS [8, 9]. Interestingly, higher levels of the enzyme,
even when within the normal range, are now thought to be associated with an increase in the
risk of developing T2DM and MetS, [9] leading to a lowering of the upper limit of the
normal range to 19U/L and 30U/L for females and males, respectively [10].

Although many have studied the impact of weight loss surgery on BMI and obesity-related
co-morbidities, the impact of such interventions on serum ALT levels have not been well-
studied. The aim of the present study is to evaluate the long term effect of different types of
bariatric procedures (RYGB and LAGB) on serum ALT levels and investigate any
association between degree of weight loss and postoperative ALT changes. Importantly, we
studied the impact of diabetes status on the serum ALT levels, and looked for an association
between ALT changes and improvements in T2DM status in a large group of patients
undergoing weight loss surgery. Our studies highlight a role for ALT as a biomarker of
metabolic improvement after bariatric surgery.

MATERIAL and METHODS

Following institutional research committee approval, we performed a retrospective review of
a prospectively entered database of bariatric procedures at the Brigham and Women'’s
Hospital. Baseline data were collected from March 1999 to March 2009. Inclusion criteria
were adult patients who had undergone weight loss surgery during the above period (open or
laparoscopic RYGB, or LAGB) and had recorded pre-operative and post-operative ALT
levels. Exclusion criteria included acute or chronic liver disease including hepatitis A, B or
C, autoimmune liver disease, hemochromatosis, Wilson’s disease, medication-induced liver
disease, alcohol abuse and simultaneous cholecystectomy at the time of surgery. Alcohol
abuse was defined based on the chart review of all hospitalizations and self-reported alcohol
consumption of more than 2 drinks per day [11].
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Out of 2,432 obese patients undergoing bariatric procedures within this time period, 756
patients met our inclusion and exclusion criteria. Type of surgery (open or laparoscopic
RYGB, or LAGB) and weight loss data were recorded. Age, gender, height, weight, BMI
and relevant co-morbidities such as T2DM status with associated baseline and postoperative
treatment strategies, HTN, hyperlipidemia and CVD were also registered. Obesity was
defined as BMI >30.

Serum ALT levels, HbA1C, weight and BMI were recorded before surgery (at baseline) and
subsequently at one, three and six months, and then annually up to 3 years after surgery.
Elevated ALT levels were defined according to the upper ALT limits of 19U/L and 30U/L
for females and males respectively [10, 12].

T2DM status and other co-morbidities were obtained in detail by reviewing the medical
records of all patients. CVD was defined based on patient record including any hospital
admission with a primary or secondary discharge diagnosis of stroke, myocardial infarction,
congestive heart failure, HTN or angina. We have decided a priori to limit our analysis to
T2DM status of the patients due to our specific interest in relationship between T2DM and
baseline ALT.

Serum HbA1C levels were recorded before surgery (at baseline) and subsequently at three,
six months, and first year after surgery by reviewing the medical records of all patients with
T2DM. Accordingly, pre and postoperative T2DM management with oral hypoglycemic
medications and/or insulin as well as postoperative treatment modifications were also
obtained. Such information was available from medication reconciliation records and pre
and postoperative follow up visit data. Dates of medication discontinuation or dosage
decrease were registered. T2DM resolution corresponded to both amelioration and full
remission based on postoperative decrease and normalization of HbA1C and discontinuation
or decrease of preoperative hypoglycemic medications.

ALT levels were initially compared with respect to age and gender. Subsequently, we
compared serum ALT levels between and within groups of patients undergoing different
type of surgeries (RYGB vs. LAGB). Further analysis detected the postoperative ALT
variations between and within groups of patients with and without T2DM. Final analysis
included ALT changes of T2DM patients with respect to different procedure.

Data is presented as mean + standard deviation. Statistical analysis was performed using the
following principles and tests: Categorical patient characteristics such as gender were
compared between patient groups (DM vs. NON-DM and RYGB vs. LAGB) with Chi-
square test. Continuous patient characteristics such as age, BMI, HbA1C and ALT levels
were compared between the groups using the independent sample t-test, and within the
groups with ANOVA (post-hoc method Tukey, was utilized for further confirmatory
analysis). P-value of less than 0.05 was considered significant. The statistical analysis was
conducted using SPSS (version 17.0 SPSS Inc, Chicago, Illinois). Pearson correlation was
used to evaluate the relationship between baseline ALT and BMI (Comment#8) and paired
student's t test was used to compare ALT levels between baseline and 1 year for T2DM
patients who postoperatively remained insulin dependent.

Baseline values

At baseline, mean ALT for the study group was 29.1 +28.9 U/L. There was no correlation
between baseline BMI and ALT levels (Pearson’s r = 0.028, p = 0.45) (Figure 1). Both male
gender and T2DM status however, were associated with significantly higher ALT levels
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(male vs. female, 41 £33.2 vs. 27 £27.5 U/L respectively, p<0.001) (T2DM vs. NON-DM,
37 £37.2 vs. 27 £26.4 UL respectively, p<0.001).

Male patients below the age of 50 (age groups 20-50 years old) had significantly higher
ALT levels compared to females in this age group (male vs. female, 49 +40 vs. 28 £27.5 U/
L respectively, p<0.001) (Figure 2). Such age-based gender differences become attenuated
and non-significant for patients in the older age group (50-70 years old).

Post-operative ALT changes based on procedure

ALT levels declined significantly post-operatively. To analyze the relationship between the
postoperative ALT levels and different type of weight loss surgery, patients were divided
into those who had RYGB (open or lap), (n=512) and those who had LAGB (n=244).
Patient demographics and comorbidities were similar between the 2 groups (Table 1).

Although the BMI between the 2 groups was not statistically significant at baseline, by the
3"d postoperative month patients undergoing RYGB had a significantly lower BMI
compared to those undergoing LAGB. This difference in the BMI between groups was
maintained throughout the 3 year follow up period (final BMI 32 £7 vs. 36 6.9, RYGB vs.
LABG respectively; p<0.001), (Fig 3A).

Both types of surgery decreased the ALT levels to below 20 U/L by 6 months and this was
maintained at the 3-year follow up (19.8 £10 U/L and 19.1 +9.1 U/L for patients undergoing
RYGB and LABG respectively) (Fig 3B). RYGB and LABG procedures, both resulted in a
similar and significant reduction of the ALT levels beginning at the 3" postoperative month
compared to baseline, despite significant differences in weight loss.

Post-operative ALT and HbA1C changes based on diabetes status

We subsequently analyzed post-operative changes in serum ALT between T2DM and non-
diabetic patients. 172 patients were diagnosed with T2DM, for an overall T2DM prevalence
of 23%. Patient characteristics are summarized in Table 2. We had small, but statistically
significant differences between the 2 groups in terms of mean age and female gender.
Despite statistical differences, the mean age of all patients was between a narrow range of
42 +11 to 49 £10 years, and in all groups more than 80% of the study participants were
females.

As expected, patients with T2DM had increased prevalence of co-morbidities such as HTN,
hyperlipidaemia and CVVD compared to those without T2DM. However, there were no
differences in baseline BMI, or the type of procedure that the patients underwent (RYGB or
LAGB). Despite this similarity in baseline BMI, T2DM patients had statistically significant
higher ALT levels at baseline compared to non-diabetics (37 £34 vs. 27 £26, respectively;
p<0.05), (Table 2).

All weight loss procedures in both T2DM and NON-DM patients resulted in a significant
reduction in the serum ALT levels by the 3" postoperative month (21 +10.8 vs. 20 +16.3,
T2DM vs. NON-DM respectively, p<0.001 compared to baseline). The levels had plateaued
to below 21 by the 6t post-operative month and remained so up to 3 year after surgery (Fig
4-A).

Out of 172 patients with T2DM undergoing bariatric surgery, HbAL1C levels were available

for 125 patients. The mean baseline HbA1C was 8.3 £1.9%. Following weight loss surgery

the mean HbA1C level significantly decreased and reached a normal level of 6.1 £0.6% at 3
months (p<0.001 compared to baseline). The HbA1C values continued to decrease to 6

Obes Surg. Author manuscript; available in PMC 2013 October 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Xourafas et al.

Page 5

+0.9% at 6 months (p<0.001 compared to baseline) and finally reached the level of 5.8
+0.8% at 1 year after surgery (p<0.001) (figure 4-B).

For this group of 125 diabetic patients, we recorded baseline and postoperative diabetes
management strategy. Excluding 13 patients who were managed with diet, we had 112
remaining patients that were treated with medications pre-operatively. Prior to weight loss
surgery, 63 of them (56%) were treated with oral hypoglycemic medications alone, 26
(23%) with insulin alone, while 23 (16%) were treated with both insulin and oral anti-
diabetic medications.

Subsequently, we defined the T2DM remission rates based on preoperative medication use
and discontinuation following surgery. We found that within a mean follow up of 6 months,
81 patients (73%) had completely discontinued all preoperative hypoglycemic agents, 15
patients (13%) continued on decreased dosage of medications and 16 patients (14%) had
some agents discontinued while others decreased.

Post-operative ALT and HbA1C changes in T2DM patients based on procedure

We explored the differences in serum ALT levels of T2DM patients undergoing different
types of surgery. Of the 172 T2DM patients, 116 had a RYGB and 56 a LAGB procedure.
The baseline ALT levels between the two surgical groups were significantly different (40
+39 vs. 31 £20 U/L, RYGB vs. LAGB respectively, p<0.001), despite similar BMI at
baseline (47.8 £6.9 vs. 46.6 £6.5, RYGB vs. LAGB, respectively, p>0.05). Even though the
baseline ALT levels of T2DM patients undergoing different types of surgery were
significantly different, their ALT levels were always above the current upper limits of 19U/
L and 30U/L for females and males respectively and always significantly higher than the
levels of NON-DM (mean ALT of 27 U/L). In both groups however, by the 3"
postoperative month, there were no differences in ALT levels, despite differences in weight
loss (Fig 5).

Out of 125 patients with T2DM and available HbA1C levels, 87 patients underwent RYGB
and 38 patients underwent LAGB. The mean baseline HbA1C in both groups was 8.3
+1.8%. Following weight loss surgery the mean HbA1C level significantly decreased in
both surgical groups and reached a level of 6.1 +0.7% vs. 6.3 £0.6% at 3 months for RYGB
vs. LAGB respectively. At 6 months following surgery, values furthermore decreased to 5.9
+0.9% for RYGB patients and remained stable at 6.3 £0.9% for those undergoing LAGB.
HbA1C levels finally reached the level of 5.8 +0.8% vs. 6.2 £0.7%, RYGB vs. LAGB at 1
year after surgery. Interestingly, we observed that even though the overall HbA1C reduction
was more pronounced for RYGB from 8.3% to 5.8% vs. LAGB from 8.3% to 6.2%, we had
no statistical significant differences between the two procedures with respect to HbA1C
decrease.

Furthermore we have analyzed the medication use data based on procedure. At baseline,
more patients undergoing LAGB were on oral hypoglycemic treatment compared to those
undergoing RYGB (68% vs. 41%, LABG vs. RYGB respectively, p<0.05). In contrast, more
patients who had RYGB were managed with insulin (45% vs. 26%, RYGB vs. LABG
respectively, p<0.05). Despite this difference, 75% of T2DM patients who underwent
RYGB vs. 66% of patients undergoing LAGB discontinued all diabetes treatment (p>0.05).

Thirty eight percent of the patients who preoperatively were on insulin and underwent
RYGB (15 of 39 insulin dependent RYGB patients) vs. 70% of those on insulin who had a
LAGB (7 of 10 insulin dependent LAGB patients) continued with insulin treatment at least
for one year following surgery (p<0.01). Interestingly, irrespective of procedure, insulin
dependent patients maintained high ALT levels at one year follow-up (mean ALT: 31 +14
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vs. 30 £14, baseline vs. 1-year respectively, p=0.9) compared to the decreased ALT levels of
insulin-free patients (mean ALT: 36 £15 vs. 19 8, baseline vs. 1-year respectively,
p=0.028) (Figure 6). The serum ALT levels of patients undergoing RYGB who
postoperatively continued to be insulin-dependent remained at a level of 33U/L compared to
34UJ/L at baseline. Similarly the serum ALT levels of those that remained on insulin
treatment following LAGB were 26U/L vs. 28U/L preoperatively.

DISCUSSION

Abnormalities of liver function tests, in particular elevations of ALT are often seen in obese
subjects. ALT is regarded as a marker of the degree of liver fat accumulation that is
commonly seen in obesity and can lead to insulin resistance and T2DM. In fact several
studies have shown that ALT is a marker of T2DM and MetS, even after adjustment for
BMI and other risk factors [8, 9, 13]. The stronger association of ALT vs. BMI to metabolic
disorders likely reflects the role of ALT as a measure of central and visceral adiposity. Ruhl
et al compared visceral fat, BMI and waist circumference in a multivariate adjusted model,
and showed that only visceral fat was strongly and independently associated with increased
ALT levels, whereas BMI and waist circumference were not [14]. Thus visceral adiposity is
a major determinant of serum ALT, and ALT can be a marker of metabolically active intra-
abdominal fat. Other investigators have shown that the fat accumulation in the liver is
independent of BMI and overall obesity but it is associated with insulin resistance [15].
These studies confirm that ALT can be a marker of visceral adiposity and a risk factor for
insulin resistance. Our study highlights the potential role of ALT as a marker of diabetes
resolution and shows that weight loss surgery will lead to metabolic improvement which is
independent of changes in BMI.

Bariatric surgery remains the gold standard approach for long term weight loss, which is
associated with significant metabolic benefits. Despite the role of ALT as a marker of
metabolic dysfunction, there have been few studies that have looked at long term effect of
weight loss surgeries on serum ALT. Although improvements in serum ALT and liver injury
have been documented after RYGB and LAGB [16, 17], the impact of different surgical
procedures on this metabolic marker has not been well studied. Since different bariatric
operations impact BMI and metabolic profiles at a different rate and to a different degree,
we investigated ALT changes in a cohort of patients that underwent RYGB and LAGB,
looking at the rate of ALT normalization following these interventions.

Our study confirms an association between serum ALT, male gender and T2DM status.
Preoperatively, male patients have significantly higher ALT serum levels compared to
females. This is in accordance with the studies that have shown a higher visceral fat
distribution in men compared to women [18, 19]. Although some believe that liver enzyme
levels may increase progressively with increasing BMI, we did not observe this trend [20].
This is consistent with the observation that at any given BMI, liver fat content and ALT
levels vary considerably and that ALT is more closely correlated to central adiposity, rather
than absolute weight and BMI [14].

In this study we observed that ALT levels decrease significantly after bariatric surgery,
reaching low normal values that are sustained in the long term. This decline was noted at the
third post-operative month, reaching stable values by 6 months following surgery. There
were no significant changes in the ALT levels over the subsequent 3 years of follow up.
Although absolute changes in ALT levels may seem small, it should be highlighted that even
modest changes in ALT levels are associated with changes in morbidity, supporting the
hypothesis that ALT “normal” range needs to be interpreted with caution.
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In our study, the mean pre-operative ALT level of T2DM patients was 37 while for the
NON-DM it was 27. This degree of difference is consistent with a recent report in literature,
where ALT level of non-obese, non-diabetic patients was found to be in the 20’s while in
those with insulin resistance and diabetes, the mean value was 32. These authors found that
ALT was the determinant of insulin resistance independent of age, sex, and BMI [21].

An important finding of our study is that the ALT decreases are not related to the degree of
weight loss. Despite the superiority of RYGB to LAGB in terms of excess weight loss, both
procedures were equally effective in reducing serum ALT levels. As demonstrated in figure
3, despite the statistically significant differences of BMI reduction between procedures, the
ALT reduction is equal between RYGB and LAGB. This is consistent with the finding that
both procedures lead to significant reduction of liver fat and central adiposity. This
phenomenon has been well documented for RYGB, but also LAGB. LAGB has been shown
to be associated with a rapid initial visceral fat loss which is of greater degree to that of total
body weight loss [22]. During the first 2 months after LAGB, there is preferential
mobilization of visceral fat, as compared with total and subcutaneous adipose tissue that is
associated with a significant reduction in liver volume [23]. This is the likely explanation for
the rapid ALT decrease following banding procedures that is comparable to RYGB.

At baseline, T2DM patients also had a higher baseline ALT level, which is consistent with
previous publications [24]. Our data reveal a rapid and significant decrease in serum ALT
levels following bariatric procedures, with levels reaching those of the non-diabetic patients
at 3 months. Since ALT is associated with visceral adiposity and liver fat accumulation, the
rapid improvement in ALT levels of T2DM patients was expected. The observation that
ALT levels remained low for up to 3 years after surgery reflects the durability of these
operations in reducing visceral adiposity.

Interestingly, we found that the postoperative decrease in ALT levels parallels the reduction
of Hb1AC levels, which decreases from a pre-operative value of 8.3% to 6.1% within 3
months of surgery. In addition to the significant postoperative decrease in HbA1C in T2DM
patients, the discontinuation of hypoglycemic agents in 73% of patients is another factor that
suggests the resolution of T2DM in our patient pool.

Our data showed no statistical differences between RYGB and LAGB in HbA1C

normalization. This is however likely due to differences in baseline patient demographics.
As previously noted, more insulin-dependent patients underwent RYGB than LAGB. Our
results demonstrate that despite this baseline difference, with more severe T2DM patients
undergoing RYGB, a higher percentage of patients showed improvements in their disease.

Furthermore, we document that both RYGB and LAGB reduced the ALT levels of T2DM
patients in a similar manner. Irrespective of the type of procedure and despite significant
differences in the weight loss between RYGB and banding procedures, ALT levels reached
below 20 1U/DI and were maintained at this level for up to 3 years of follow up. This
provides further evidence that the reduction in ALT is not linked to total weight loss, even in
T2DM patients. These findings suggested that ALT could be an indicator of T2DM
improvement after bariatric surgery. To confirm this hypothesis, we focused on insulin
dependent patients that underwent RYGB or LAGB, and divided them to those that became
insulin free after surgery vs. those that remained insulin dependent. Although we were not
able to assess preoperative medication use and NAFLD we found that ALT levels remained
high for those that remain insulin-dependent vs. those that do not. This further strengthened
our hypothesis that ALT may be used as a readily available marker of metabolic
improvement after bariatric surgery.

Obes Surg. Author manuscript; available in PMC 2013 October 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Xourafas et al.

Page 8

Because of its retrospective nature, this study has the usual limitations associated with such
study design. Specifically, we have hypothesized that the improvement in ALT levels is due
to reduction in visceral adiposity however we were not able to provide data to support this,
as biopsy or imaging data were not available pre- and post-operatively. Furthermore, due to
the retrospective nature of the study and the lack of some data points, we were not able to
gather information on baseline and postoperative medication use, or degree of NAFLD
status at baseline, both factors that could influence ALT levels. We believe though that our
data provides enough impetus to prospectively validate the role of ALT as a metabolic
marker.

In conclusion, this study documents that both RYGB and LAGB result in a significant
reduction in serum ALT levels. The decrease in ALT is similar between RYGB and LAGB
despite statistically significant differences in post-operative weight loss, suggesting that the
ALT decrease is independent of total weight loss. Following our results, further
investigation is needed to confirm that ALT can be a surrogate marker of T2DM
improvement after weight loss surgery.

Acknowledgments

AT is supported by a KL2 Medical Research Investigator Training (MeRIT) grant awarded via Harvard Catalyst |
The Harvard Clinical and Translational Science Center (NIH grant #1KL2RR025757-01 and financial contributions
from Harvard University and its affiliated academic health care centers).

REFERENCES

1. World's Fattest Countries - http://Forbes.com.

2. Matsuzawa Y. The metabolic syndrome and adipocytokines. FEBS Lett. 2006 May 22; 580(12):
2917-2921. Epub 2006 Apr 21. [PubMed: 16674947]

3. Must A, Jacques PF, Dallal GE, Bajema CJ, Dietz WH. Long-term morbidity and mortality of
overweight adolescents. A follow-up of the Harvard Growth Study of 1922 to 1935. N Engl J Med.
1992 Nov 5; 327(19):1350-1355. [PubMed: 1406836]

4. Sjostrom L, Narbro K, Sjostrom CD, et al. Effects of bariatric surgery on mortality in Swedish obese
subjects. Swedish Obese Subjects Study. N Engl J Med. 2007 Aug 23; 357(8):741-752. [PubMed:
17715408]

5. Adams TD, Gress RE, Smith SC, et al. Long-term mortality after gastric bypass surgery. N Engl J
Med. 2007 Aug 23; 357(8):753-761. [PubMed: 17715409]

6. Stranges S, Dorn JM, Muti P, et al. Body fat distribution, relative weight, and liver enzyme levels: a
population-based study. Hepatology. 2004 Mar; 39(3):754-763. [PubMed: 14999694]

7. Schindhelm RK, Dekker JM, Nijpels G, et al. Alanine aminotransferase predicts coronary heart
disease events: a 10-year follow-up of the Hoorn Study. Atherosclerosis. 2007 Apr; 191(2):391-
396. Epub 2006 May 8. [PubMed: 16682043]

8. Sattar N, Scherbakova O, Ford I, et al. Elevated alanine aminotransferase predicts new-onset type 2
diabetes independently of classical risk factors, metabolic syndrome, and C-reactive protein in the
west of Scotland coronary prevention study. West of Scotland coronary prevention study. Diabetes.
2004 Nov; 53(11):2855-2860. [PubMed: 15504965]
9. Goessling W, Massaro JM, Vasan RS, D'Agostino RB Sr, Ellison RC, Fox CS. Aminotransferase
levels and 20-year risk of metabolic syndrome, diabetes, and cardiovascular disease.
Gastroenterology. 2008 Dec; 135(6):1935-1944. 1944. el. Epub 2008 Sep 20. [PubMed: 19010326]
10. Prati D, Taioli E, Zanella A, et al. Updated definitions of healthy ranges for serum alanine
aminotransferase levels. Ann Intern Med. 2002 Jul 2; 137(1):1-10. [PubMed: 12093239]

11. Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepatitis: summary of an AASLD
Single Topic Conference. Hepatology. 2003 May; 37(5):1202-1219. Review. Erratum in:
Hepatology. 2003 Aug;38(2):536. [PubMed: 12717402]

Obes Surg. Author manuscript; available in PMC 2013 October 01.


http://Forbes.com

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Xourafas et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 9

Van der Poorten D, Kenny DT, Butler T, George J. Liver disease in adolescents: A cohort study of
high-risk individuals. Hepatology. 2007 Dec; 46(6):1750-1758. [PubMed: 18023024]

Vozarova B, Stefan N, Lindsay RS, et al. High alanine aminotransferase is associated with
decreased hepatic insulin sensitivity and predicts the development of type 2 diabetes. Diabetes.
2002 Jun; 51(6):1889-1895. [PubMed: 12031978]

Ruhl CE, Everhart JE. Trunk fat is associated with increased serum levels of alanine
aminotransferase in the United States. Gastroenterology. 2010 Apr; 138(4):1346-1356. 1356.
el-3. Epub 2010 Jan 11. [PubMed: 20060831]

Seppala-Lindroos A, Vehkavaara S, Hakkinen AM, et al. Fat accumulation in the liver is
associated with defects in insulin suppression of glucose production and serum free fatty acids
independent of obesity in normal men. J Clin Endocrinol Metab. 2002 Jul; 87(7):3023-3028.
[PubMed: 12107194]

Mathurin P, Hollebecque A, Arnalsteen L, et al. Prospective study of the long-term effects of
bariatric surgery on liver injury in patients without advanced disease. Gastroenterology. 2009 Aug;
137(2):532-540. Epub 2009 May 4. [PubMed: 19409898]

Dixon JB, Bhathal PS, O'Brien PE. Weight loss and non-alcoholic fatty liver disease: falls in
gamma-glutamyl transferase concentrations are associated with histologic improvement. Obes
Surg. 2006 Oct; 16(10):1278-1286. [PubMed: 17059735]

Di Bonito P, Sanguigno E, Di Fraia T, et al. Association of elevated serum alanine
aminotransferase with metabolic factors in obese children: sex-related analysis. Metabolism. 2009
Mar; 58(3):368-372. [PubMed: 19217453]

Judi L, Toukan A, Khader Y, Ajlouni K, Khatib MA. Prevalence of elevated hepatic transaminases
among Jordanian patients with type 2 diabetes mellitus. Ann Saudi Med. 2010 Jan-Feb;30(1):25-
32. [PubMed: 20103955]

Ruhl CE, Everhart JE. Epidemiology of nonalcoholic fatty liver. Clin Liver Dis. 2004 Aug; 8(3):
501-519. vii. [PubMed: 15331060]

Zhang Y, Lu X, Hong J, et al. Positive correlations of liver enzymes with metabolic syndrome
including insulin resistance in newly diagnosed type 2 diabetes mellitus. Endocrine. 2010 Oct;
38(2):181-187. Epub 2010 Oct. [PubMed: 20972737]

Busetto L, Tregnaghi A, De Marchi F, et al. Liver volume and visceral obesity in women with
hepatic steatosis undergoing gastric banding. Obes Res. 2002 May; 10(5):408-411. [PubMed:
12006641]

Pontiroli AE, Pizzocri P, Librenti MC, et al. Laparoscopic adjustable gastric banding for the
treatment of morbid (grade 3) obesity and its metabolic complications: a three-year study. J Clin
Endocrinol Metab. 2002 Aug; 87(8):3555-3561. [PubMed: 12161474]

De Luis DA, Aller R, 1zaola O, et al. Relationship of insulin resistance and adipocytokines on
serum alanine aminotransferase in presurgical morbid obese patients. Eur Rev Med Pharmacol Sci.
2009 Nov-Dec;13(6):413-418. [PubMed: 20085121]

Obes Surg. Author manuscript; available in PMC 2013 October 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Xourafas et al.

Page 10

ALT (U/L)

100

BMI (Kg/m?)

70

Figure 1.
There was no correlation between baseline ALT and BMI. At any given BMI, ALT serum
levels vary considerably, depending on patient gender and T2DM status
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Figure2.

Mean ALT levels for male and female patients at baseline. Male patients under the age of 50
had higher levels of ALT, however such age-based gender difference was not seen after the
age of 50.
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Figure 3.

B

A- BMI changes following different surgical procedures. During the 3 year follow up,
RYGB and LAGB show a significant difference in the overall weight loss and reduction in
BMI (32 vs. 36, respectively; p<0.05). B- ALT changes following different surgical
procedures. During the 3 year follow up, both RYGB and LAGB decreased serum ALT
levels (to 19.8 and 19.1 U/I, respectively at 3 years). The ALT reduction was similar despite

significant differences in the weight loss.
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Figure 4.

A- Postoperative ALT changes in T2DM and NON-DM patients. Bariatric procedures
decreased serum ALT levels starting at the 3" postoperative month. This decrease was
persistent up to the 3 years of follow up. B- Significant postoperative decrease and
normalization of serum HbALC levels in patients with T2DM from 8.3% to 6.1% at the first
3 months following surgery and subsequently to 5.8% at the first year following surgery.
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Figure5.

A- BMI, B- ALT levels for T2DM patients following different surgical procedures. During
the 3 year follow up, both RYGB and LAGB decreased ALT levels (19.6 and 19 U/I,
respectively, p<0.05). This was despite a significant difference in the overall weight loss and
reduction in BMI (34 vs. 38, respectively; p<0.05).
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Figure6.

Comparison of ALT levels between insulin-dependent T2DM who remained insulin
dependent vs. insulin-free at 1-year of follow up. Patients are divided into those that
underwent RYGB or LAGB. At 1 year, ALT levels remain high for those that remain
insulin-dependent vs. those that do not.
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PATIENT CHARACTERISTICS FOR THE DIFFERENT WEIGHT LOSS PROCEDURES

RYGB LAGB
Patient number 512 244 P-VALUE
Mean Age (years) 44 £10.4 | 43+£105 | NS
% Female 85 83 NS
% T2DM 23 23 NS
Mean baseline BMI | 47 £6.9 46 +6.4 NS
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BASELINE CHARACTERISTICS OF DIABETIC VS. NON-DIABETIC PATIENTS

TABLE 2

T2DM NON-DM

Patient number 172 584 P-VALUE
Mean Age (years) 49 +10 | 42+11 <0.05
Female (%) 80 86 <0.05
Hypertension (%) 60 37 <0.05
Cardiovascular Disease (%) | 4 1 <0.05
Hyperlipidemia (%) 27 18 <0.05
Mean baseline BMI 47+6.8 | 4773 NS
Mean baseline ALT 37£34 | 2726 <0.05
% undergoing RYGB 67 68 NS
% undergoing LAGB 33 32 NS

Obes Surg. Author manuscript; available in PMC 2013 October 01.

Page 17



