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Introduction: Liver damage has been associated with the accumulation of phytosterols (PS) in patients treated with parenteral nutrition (PN). We aimed to study the association of inflammatory markers with liver function biomarker (LFB) alterations in patients treated with PN containing PS.

Materials and methods: Prospective observational study. Simple linear and stepwise multiple linear regression tests and interactions were performed.

Results: Nineteen patients were included. In the multivariable model, determinations based on LFBs as dependent and phytosterols (and their fractions) as independent variables showed an association between increases in gamma-glutamyltransferase (GGT) and lanosterol (p < 0.001), stigmasterol (p < 0.001), interleukin-10 (IL-10) × total phytosterols (Phyt) (p < 0.009), tumor necrosis factor-α (TNF-α) × Phyt (p < 0.002), IL-10 × sitosterol (p < 0.002), TNF-α × sitosterol (p < 0.001), IL-10 × campesterol (p < 0.033), IL-10 (p < 0.006 and p < 0.015), TNF-α (p < 0.048 and p < 0.027). Increases in alanine aminotransferase (ALT) were associated with Phyt (p < 0.006), lanosterol (p < 0.016), C-reactive protein (CRP) × campesterol (p < 0.001), interleukin-6 (IL-6) × stigmasterol (p < 0.030), CRP (p < 0.08), and IL-6 (p < 0.042). Alkaline phosphatase (AP) increases were associated with CRP (p < 0.002).

Discussion: Inflammation in the presence of plasmatic PS seems to have a synergistic effect in impairing liver function, mainly altering GGT but also ALT.
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1. Introduction

Parenteral nutrition-associated liver disease (PNALD) is a common complication mainly occurring with long-term parenteral nutrition (PN) treatment and includes different pathologies, such as steatosis, cholestasis, fibrosis, cirrhosis, or liver failure. It is diagnosedvia its clinical presentation along with abnormal liver function biomarkers (LFBs): gamma-glutamyltransferase (GGT), alkaline phosphatase (AP), bilirubin (BI), and alanine aminotransferase (ALT) (1). The intravenous lipid emulsions (LEs) comprising PN are usually derived from vegetal sources and, therefore, contain natural phytosterols (PS), which are commonly associated with liver damage. This relationship has been described in the literature in both pediatric (2, 3) and adult patients (4, 5) treated with long-term PN, as well as in experimental studies (6–8).

Liver damage has been associated with the accumulation of PS; in practice, most protocols propose strategies to reduce the vegetal LE dose by replacing it with other LEs not containing PS, such as commercialized fish oil (FO) emulsions (9). One mechanism involved in liver damage is hepatic retention of PS, which has been suggested to interfere with the correct clearance of bile salts, leading to cholestasis (2, 5). Recently, the role of PS in hepatic alterations has been reinforced due to its proinflammatory activity in the liver (7).

In the acute critical patient, there are different risk factors such as surgery, cancer and infection-associated oxidative stress, which promote LFB elevation as well as the inflammatory response (1, 10, 11). In addition, in septic patients, liver injury can also be explained by the absorption of bacterial lipopolysaccharides (LPS) from the inflamed intestine (12).

No studies have been carried out to determine plasmatic PS values in hospitalized adults under PN treatment and, therefore, likely treated with only a few days of PN. This is probably because the clinical impact is considered low as LFBs tend to normalize after PN discontinuation. However, alterations with potential clinical impact can also be observed, especially in those patients on prolonged PN and critical patients presenting multiple organ failure (13, 14).

In a previous randomized clinical trial (RCT), we established that plasmatic PS accumulation and high GGT, AP and ALT values could be prevented with exclusive administration of FO LE (15). We compared patients treated with PN containing FO emulsion (without PS) or olive/soybean (O/S) LE. Subsequently, in a sub-study with the same population and design, we concluded that PS content varied among different LE brands and PS administered during PN resulted in accumulation (16).

In this sub-study, we have studied in the same group of patients whether the association between plasmatic PS and LFB alteration is conditioned by the presence of inflammation. The objective of this study is to determine whether the improvement of LFBs in patients treated with PN containing fish oil LE is due to their influence on inflammatory response mechanisms or to the absence of PS. For this purpose, we studied the association of inflammatory markers [C-reactive protein (CRP), tumor necrosis factor-α (TNF-α), and the cytokines IL-6 and IL-10], with LFB alterations in adult patients treated with PN containing PS.



2. Materials and methods

The present work was a sub-study of a previous RCT (15); here, in the same population, we analyzed different variables that were not evaluated in that prior study. This present sub-study was planned subsequent to the previous RCT (15).


2.1. Patients

The selected population corresponded to that included in the previous clinical trial, which studied the relationship between the type of LE used and liver function evolution (EudraCT Number: 2014-003597-171) (15).

The population included in the initial study were patients that had received a minimum of 7 days of PN with a lipid intake of 0.8 g/kg/day of an O/S LE (established in our protocol), until they developed GGT alterations. They were then randomized 1:1 into LE groups: O/S or FO (omega-3 fatty acids, without PS) at a dose of 0.4 g/kg/day for a minimum of a further 7 days of PN.



2.2. Analytical parameters

Complementary to the main parameter determinations (LFBs and PS), the plasmatic values of inflammatory parameters were also determined at the beginning of the study (Day 0 or randomization day) and on Day 7 after randomization [PS analysis was published in a separate paper (15)]. Differences between the values of the aforementioned parameters on Days 7 and 0 were studied.

Quantification of cytokines:


-Sample collection: First, a clot was left to form for at least 30 min. Samples were then centrifuged at 700 × g within the first hour post-extraction and aliquoted and stored at −80°C until analysis (1 year later).

-Cytokine determination: serum values of IL-6, IL-10, and TNF-α were determined by Enzyme-Linked ImmunoSorbent Assay (ELISA), already commercialized and established for its use in the hospital laboratory. Errors due to manual handling were minimized by using a robot for processing the ELISA in a microplate.

-IL-6, IL-10, and TNF-α: each well of an ELISA multiplate for samples, standards and controls was coated with anti-lymphokine conjugated with biotin (for determining IL-6 or IL-10) or with anti-TNF-α antibodies conjugated with biotin (for determining TNF-α). After incubation and washing out, a streptavidin-HRP (horseradish peroxidase) solution was added to bind to the biotin present in each well. After the final incubation and washing-out, a chromogenic solution (HRP-H2O2-3,3′,5,5′-tetramethylbenzidine: TMB) was added to each well and catalyzed by HRP, changing its color. This final colored product, which was directly proportional to the cytokine concentration of the sample, was measured by absorbance.





2.3. Variables

Different variables were established to study the association of inflammatory markers with LFB alterations in adult patients treated with PN, and their relationship with the presence of plasmatic PS. The following variables were analyzed in the univariant and multivariant models:


-Dependent variables: variations in GGT, ALT, and AP (differences between initial and final values).

-Independent variables: final values of:




-Total PS and different PS fractions, such as beta-sitosterol, campesterol, lanosterol, and stigmasterol.

-Inflammatory markers: CRP, IL-6, IL-10, and TNF-α.





2.4. Statistical analysis

A descriptive statistical analysis was performed using frequency tables for all variables. For continuous variables, descriptive parameters such as sample size, median and interquartile range (IQR) were used; for categorical variables, percentages were given.

Simple linear regression tests and a stepwise multiple linear regression with interactions were performed in order to establish differences between LFB values according to the presence of PS and inflammatory parameters, and also for achieving a better adjustment. To avoid a co-linearity effect among the different inflammatory variables, the model was adjusted by residuals.

Statistical significance was established at p < 0.05. A multivariate approach was used to study the relationship between LFB variations and PS, and their fractions, CRP, TNF-α and interleukin values, and the interactions between these variables, thus a linear regression following a stepwise model with inclusion criteria of p < 0.2 was performed. Data were processed using the SPSS-IBM v22 statistical package.




3. Results

The study group included 19 patients (73.7% men, median age 68 years – IQR: 14.5 and 76 kg – IQR: 8.4). The median number of days of PN administration prior to inclusion in the study was eight (IQR 6) and, during this period, patients received an O/S LE at 0.8 g/kg/day. All patients had digestive system pathology, with 73.68% having cancer (cecum, colonic, gastric, gastrointestinal stromal, pancreatic, rectal neoplasia, and peritoneal carcinomatosis). Other digestive entities presented were adhesions (5.26%), mesenteric ischemia (5.26%), morbid obesity (5.26%), and occlusion (10.53%).

Table 1 displays baseline (Day 0 or randomization) and final values (Day 7) of the analytical parameters in each study arm. Statistically significant differences were detected for baseline CRP values (p = 0.04) between both groups and a tendency toward significance for baseline ALT values (p = 0.105).


TABLE 1    Analytical parameters: initial values (Day 0), final values (Day 7), and variation between these values.
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As we found in our RCT (15), on Day 7 after randomization, GGT, AP, beta-sitosterol, sitosterol, campesterol, lanosterol, and total PS significantly decreased in the FO group compared with the O/S group (Table 1).

When comparing each variable on Day 7 of treatment, statistically significant decreases in ALT were also found. TNF presented no significant changes, while in the FO group, CRP and IL-6 showed significant decreases and IL-10 showed a significant increase.

Among the other LFBs, bilirubin values were not considered as no significant variation was observed. Day 7 GGT, ALT, AP, IL-6, IL-10, CRP, and TNF-α values, as well as the differences calculated, did not follow a normal distribution. Therefore, a Napierian transformation was performed and a normal distribution was achieved; the Kolmogorov–Smirnov test presented a value of p = 0.200.

Table 2 depicts the simple linear regression performed to analyze the association of LFB variations with inflammatory parameters (measured as plasmatic cytokine concentration and CRP). The following statistically significant associations were observed: GGT values increased with high TNF-α values and AP increased with high CRP values. ALT values did not present any significant association with increases in the inflammatory parameters studied.


TABLE 2    Simple linear regression to analyze the association of liver function test variations and inflammatory parameters.
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Table 3 depicts the simple linear regression performed to analyze the association of LFB variation with plasmatic PS. Increases in GGT values were directly associated with statistically significant increases in total PS and certain fractions (sitosterol, lanosterol, and stigmasterol). Increases in AP did not associate with increases in PS or any PS fraction. Increases in ALT values were associated with increases in total PS and all their fractions studied, reaching statistical significance.


TABLE 3    Simple linear regression between variation in liver function biomarkers and total plasmatic phytosterols and their fractions 7 days after randomization and randomization day.
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In the multiple linear regressions in stepwise analysis (Table 4), by adjusting the PS variables and their fractions with the cytokine and CRP variables, we found that the coefficient of determination R2 was higher than in the univariate model, suggesting association between inflammation and plasmatic PS. In these models, we observed that increases in AP were associated with CRP, independently of the presence of any PS fraction; however, the associations observed with GGT and ALT showed differences. Higher GGT values were associated with IL-10 coexisting with total PS and sitosterol and campesterol fractions, and with TNF-α in the presence of sitosterol. In addition, higher GGT values were associated with the presence of stigmasterol and lanosterol, independently of the inflammatory situation. On the other hand, high ALT values were associated with CRP in the presence of campesterol, and with IL-6 in the presence of stigmasterol, as well as with the presence of lanosterol, independently of the inflammatory load.


TABLE 4    Multiple linear regression. Stepwise: differences between liver parameter variations and risk factors (p < 0.2).
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4. Discussion

Our results show that clinical situations associated with inflammation can induce LFB alterations; meanwhile, the plasmatic accumulation of PS can cause GGT and ALT alterations. But the most relevant result observed, with a consistent determination coefficient, is that inflammation in the presence of plasmatic PS seems to have a synergistic effect in impairing liver function, mainly altering GGT but also ALT, with no influence on AP. In this study, we found that the LFB alteration pattern of hospitalized adult patients on short-term PN treatment was different from that described in patients on long-term PN. In the present work, high GGT and AP values were found, whereas, in a previous study (5) performed in adult patients with Home Parenteral Nutrition (HPN) and, therefore, with elevated plasma PS concentrations, we found much higher ALT and BI values, with no differences in GGT and AP. This could be explained by the fact that increases in GGT and AP emerge as early indicators of hepatic dysfunction, while ALT and BI are linked to hepatocellular damage (11). BI is associated with intrahepatic cholestasis (17, 18) and 15 days of NP treatment are insufficient to appreciate any alteration in BI values. So, the differences observed in this study could be associated with the acute phase process of the pathology in hospitalized patients and the infectious and surgical aggressions that may occur during hospitalization.

Also, we found a positive association between plasmatic PS values (and their fractions) and GGT and ALT values, whereas this association was not seen for AP values (15). In another study in neonates with intestinal failure receiving long-term PN, Kurvinen et al. (19) also found that serum PS levels were positively associated with serum AST, ALT, and BI alterations, describing a different pattern of LFB alteration, but also a positive correlation with PS values.

It has been postulated that the hepatotoxic effect of PS takes place after long-term PN treatment (2, 4, 5, 9). However, this effect seems to also occur in patients receiving PN for shorter periods, such as critically ill patients, when inflammation is also present, and it appears to synergistically enhance the hepatotoxic effect of PS (1, 7). Furthermore, we observed different effects on LFBs based on the different PS fractions studied. Due to differences in the plasmatic clearance of PS, further complementary studies are required.

In this study, we assessed inflammation using a small series of parameters and considering different points of the inflammatory cascade. The stress injury response is characterized by an initial release of large amounts of proinflammatory cytokines IL-1 and TNF-α, which are primarily responsible for the production of other cytokines such as IL-6, the main acute phase cytokine (20–22). The proinflammatory cytokines TNF-α and IL-6 are produced from cells when the transcription factor NF-κB is activated in response to a variety of stimuli (23). The overregulation of TNF-α also stimulates the secretion of IL-6, which is the major inducer of acute phase reactants such as CRP (24), however, it has also anti-inflammatory properties, inhibiting the synthesis of TNF-α and IL-1β (25). The initial inflammatory response is controlled by immunomodulatory mechanisms; anti-inflammatory cytokines, such as IL-10, are involved in this immune response, limiting the potentially harmful effect of the inflammatory reaction. However, under pathological conditions, the anti-inflammatory response may be insufficient to counteract the inflammatory activity or it may be overcompensated and, thus, inhibit the immune system (25). Due to the complexity of analyzing inflammation parameters studying all cytokines involved in the inflammatory cascade and their facility of laboratory analysis, we decided to start analyzing the principal ones involved in activation and regulation of the cascade, as mentioned above: TNF-α, CRP, IL-6, and IL-10.

Recent experimental studies (7, 8) have evaluated the association between PS values, particularly stigmasterol, and the inflammatory response. There are some mechanisms described in these studies that could justify the association between inflammation and the presence of PS. Stigmasterol activation of Kupffer cells produces proinflammatory cytokines, which suppress nuclear receptor gene expression of transporters like the farnesoid X receptor (FXR), possibly contributing to cholestasis by suppressing the bile salt export pump (BSEP), thereby impairing the correct elimination of biliary salts (7). Other biological pathways under investigation include the activation of hepatic-based innate immunity mechanisms. Guthrie et al. (8) evidenced this synergy in an experimental study where they aimed to elucidate whether PS caused inflammation in hepatocytes or Kupffer cells independently or required co-stimulation by LPS. They concluded that PS alone do not cause the inflammatory response, but rather synergistically maximize the inflammatory response in Kupffer cells previously activated by LPS. Furthermore, the study of El Kasmi et al. (7) suggested that stigmasterol may enhance the inflammatory response in Kupffer cells previously activated by exposure to inflammatory mediators from bacterial translocation or sepsis. In both studies (7, 8), the PS fraction studied was stigmasterol, which is a compound of PN emulsions with a slow clearance, as we confirmed in our previous study (15), thereby conferring greater exposure to them.

As Guthrie et al. (8) postulated that PS alone were not significantly associated with liver inflammation, but that this could occur in states associated with sepsis, this association between PS and other clinical situations related to the inflammatory response cannot be ruled out. Medical situations, such as those occurring after surgery, could generate an immune response that could also interact at the cytokine level with Toll-like receptors (TLR4 type) (26) and, therefore, also act synergistically with plasmatic PS. Within such a framework, it is important to consider that, following surgery, excessive innate immune responses or failed adaptive immune responses can result in significant morbidity and mortality from systemic response syndrome, infection and sepsis.

As described by Alazawi et al. (27) tissue injury and infection are sensed by a group of protein receptors that can be activated by pathogen-associated molecular patterns and damage-associated molecular patterns, also known as alarmins, which are host molecules liberated as a result of tissue destruction. Membrane-spanning Toll-like receptors (26, 27) have been included among these molecular patterns described. The authors (27) finally concluded that local immune responses to surgery led to systemic pro-inflammatory and immunosuppressive phases that were temporally related and proportionate in magnitude.

Therefore, a better comprehension of these mechanisms could have implications for clinical study designs and should lead to the emergence of new research related to the presence of PS in patients treated with PN.



5. Conclusion

The interaction and possible synergy between the PS administered in PN and inflammatory mediators allow for new comprehensive approaches to PNALD: LFB elevation might be associated not only with the presence of PS but also with a hepatic inflammatory response that could add synergic effect.

Thus, a possible new strategy in PN treatment could be the use of FO LE, where possible; additional benefits would be the absence of PS and their anti-inflammatory activity.

This is a first approach that should be complemented with studies including a larger number of patients and more inflammatory markers.



6. Limitations

Considering the limitations of this study, it is important to highlight that this was not a primary study. Another important limitation is that this study included a small cohort of patients, with a small number of patients studied.

Another limitation was the need to perform a Napierian transformation to achieve a normal distribution in the initial results obtained.

It is also relevant to note that, in the previous RCT (15), the inflammatory state was not considered during randomization. In fact, there were significant differences in baseline CRP values between both arms of the study. For this reason, and given that we also previously demonstrated (16) that the value of phytosterols and their fractions was significantly associated with the type of emulsion used and with LFB alterations, to study the impact of the inflammatory state on LFB, we designed the statistical approximation for a single sample that grouped both arms adjusted for the plasmatic PS value.

The sub-study did not address the direct impact of FO emulsions (without PS) on inflammation indicators, but rather the relevance of inflammatory processes in LFB alterations.

Furthermore, in this study, we did not consider all cytokines involved in the inflammatory cascade, but we have shown an association between inflammation and alteration in LFBs.

Finally, we did not study other factors associated with PNALD in critical patients, although they usually require support with PN, because they were excluded from this study.



7. Clinical relevancy statement

This study sheds light on other factors involved in the liver damage of patients treated with PN, showing that clinical situations associated with inflammation can induce alteration of LFB; meanwhile, the plasmatic accumulation of PS alone can cause transaminase alteration, as previously demonstrated.
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TNF-a x sitosterol 0.159 [0.077-0.240] 0.001

R? 0.641 0.435 0.347

Lanosterol 0.278 [0.155-0.400] 0.000 0.315 [0.067-0.563] 0.016
CRP 0.365 [0.152-0.577] 0.002

IL-10 0.234 [0.078-0.390] 0.006

R? 0.662 0.435 0.298

IL-6 0.341 [0.013-0.669] 0.042
IL-6 x campesterol 0.095 [—0.018 to 0.209] 0.095

CRP 0.365 [0.152-0.577] 0.002

CRP x campesterol 0.360 [0.164-0.557] 0.001
IL-10 x campesterol 0.327 [0.030-0.625] 0.033

TNF-a 0.541 [0.006-1.077] 0.048

R? 0.569 0.435 0.458

Stigmasterol 0.221 [0.100-0.342] 0.001

IL-6 x stigmasterol 0.060 [0.006-0.113] 0.030
CRP 0.365 [0.152-0.577] 0.002

IL-10 0.206 [0.047-0.365] 0.015

TNF-a 0.520 [0.069-0.971] 0.027

R? 0.690 0.435 0.247

Variables are considered as Napierian logarithm.

CI, confidence interval; GGT, gamma-glutamyltransferase; AP, alkaline phosphatase; ALT, alanine aminotransferase; B, constant in the model R? determination coefficient; CRP, C-reactive protein;

IL-6, interleukin-6; IL-10, interleukin-10; TNF-a, tumor necrosis factor-a; Bold means statistically significant.
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Blood Initial value Final value Variation

parameters Day 0 Day 7 (differences)
Median (IQR) A Median (IQR) | Median (IQR)

Gamma- 3.14 (1.92) 2.93 (5.00) —0.11 (2.04)

glutamyltransferase

(nkat/L)

Alkaline 1.96 (0.99) 2.30 (1.49) —0.16 (1.36)

phosphatase

(pkat/L)

Alanine 0.43 (0.57) 0.29 (1.14) —0.11 (0.37)

aminotransferase

(pkat/L)

Bilirubin (umol/L) 7.00 (3.50) 6.00 (4.50) —1.00 (4.00)

Phytosterols 21.30 (10.40) 19.80 (7.00) —3.40 (4.85)

(g/ml)

Sitosterol (jug/ml) 12.60 (4.95) 9.44 (7.52) —3.76 (4.56)

Lanosterol (jug/ml) 1.08 (0.51) 0.53 (1.52) —0.55(0.27)

Campesterol 2.14 (1.19) 1.94 (0.41) —0.30 (0.74)

(g/ml)

Stigmasterol 0.74 (0.51) 0.54 (0.49) —0.17 (0.47)

(g/ml)

C reactive protein 99.1 (107.70) 60.80 (91.70) —41.20 (63.95)

(mg/L)

IL-6 (pg/ml) 39.00 (66.45) 30.80 (30.2) —5.80 (25.25)

IL-10 (pg/ml) 1.06 (1.27) 1.58 (2.01) 0.00 (1.52)

Tumor necrosis 17.25 (4.90 14.70 (5.6) 0.00 (2.31)

factor-a (pg/ml)

IQR, interquartile rank.
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Variations in LFB parameters

Ln R2* Ln total Cl95%

phytosterol

(b1**)

Gamma- 0.22 0.57 0.02to 1.12 0.043
glutamyltransferase
Alkaline 0.04 0.26 —0.03 t0 0.87 0.385
phosphatase
Alanine 0.29 0.96 0.20to 1.73 0.016
aminotransferase
Ln R? Ln sitosterol CI95% Sig.
Gamma- 0.27 0.47 0.07 to 0.87 0.023
glutamyltransferase
Alkaline 0.09 0.27 —0.18t0 0.72 0.218
phosphatase
Alanine 0.31 0.73 0.17 to 1.30 0.014
aminotransferase
Ln 2 Ln campesterol CI 95% Sig.
Gamma- 0.16 0.47 —0.07 to 1.02 0.085
glutamyltransferase
Alkaline 0.01 0.14 —0.45t0 0.74 0.624
phosphatase
Alanine 0.22 0.79 —0.02to 1.56 0.044
aminotransferase
Ln R? Ln lanosterol CI 95% Sig.
Gamma- 0.45 0.27 0.11 to 0.42 0.002
glutamyltransferase
Alkaline 0.14 0.15 —0.04t0 0.34 0.114
phosphatase
Alanine 0.30 0.31 0.07 to 0.56 0.016
aminotransferase
Ln R? Ln stigmasterol CI95% Sig.
Gamma- 0.33 0.22 0.06 to 0.38 0.010
glutamyltransferase
Alkaline 0.04 0.08 —0.12t0 0.27 0.407
phosphatase
Alanine 0.237 0.27 0.02 to 0.53 0.035
aminotransferase

*R2, determination coefficient.

**b1, non-standard coefficient of In (phytosterols) of regression straight.

LFB, liver function biomarker; CI, confidence interval; Ln, Napierian logarithm. Bold values
represent the statistical significance.





OPS/images/fnut-10-1034481-t002.jpg
Gamma-glutamyltransferase variation

B1 (Cl 95%) p

0.116 (—0.102 to 0.334) 0.277

Alkaline phosphatase variation
R? B1(Cl 95%) p

0.227 0.212 (0.012 to 0.411) 0.039

Alanine aminotransferase variation
R2 B1 (Cl 95%) p

0.159 0.159 (—0.160 to 0.411) 0.309

0.018 (—0.230 to 0.267) I

0.000 0.006 (—0.224 to 0.256) ‘ 0.963

0.000 —0.002 (0.364 to 0.360) 0.993

0.211 (—0.024 to 0.4469)

0.740 (0.117 to 1.364)

0.160 (—0.086 to 0.407) 0.188

0.554 (—0.122 to 1.231)

0.033 0.134 (—0.236 to 0.504) 0.455

0.571 (—0.450 to 1593) 0.254

CRP, C-reactive protein; TNF-o, tumor necrosis factor-o; R?, determination coefficient; By, non-standard coefficient of regression slope; CI, confidence interval. Bold values represent the statistical

significance.
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