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ABSTRACT 

Multiple Sclerosis (MS) is a chronic inflammatory disease of the central nervous system (CNS) and is characterized by 
inflammation, demyelination and desctruction of oligodendrocytes and axons. The immunology of MS is complex, in- 
volving autoreactive Th1 and Th17 lymphocytes, cells of the innate immune system including dedritic, natural killer 
(NK) and microglia cells, as well as vascular endothelial cells. Multiple Sclerosis (MS) is based by a series of bio- 
chemical changes affecting to different extent neuronal functions; great attention has been focused on: liver enzymes, 
thyroid function tests, autoantibodies, lipid profile and uric acid levels. Following the introduction of therapy with drugs 
that modify the course of disease, more attention has been paid to the change of biochemical parameters, in particular to 
evaluate possible adverse effects. Aim of this study was to perform a review of the literature on biochemical alterations 
in treated and untreated MS patients and to assess laboratory parameters alterations in a cohort of MS patients, before 
and during treatment. On a total of 624 patients followed at our center, we selected those who practiced for the first time 
a therapy with IFN beta 1a at various doses, IFN beta 1b and Glatiramer acetate, that were 595 (95%), with baseline 
biochemical evaluation available in 488 (82%) (307 females, mean age 36.6 years). We considered the evolution of 
various biochemical parameters during treatment. The following outcome variables were evaluated: laboratory changes, 
in particular liver function, thyroid function, lipids and blood cell count. Percentages were compared using the chi- 
square test. ANOVA was performed to evaluate changes of laboratory tests over time between therapy groups. Our 
finding confirm the presence of biochemical alterations at baseline, in particular regarding liver enzymes, thyroid hor-
mones and lipids. Treatment effects were more evident on liver enzymes elevation, anti thyroid antibodies production 
and blood cholesterol decrease. These effects were mainly transient and self remitting without suspension of therapy. 
Biochemical alterations, mainly related to autoimmune pathology and lipid metabolism change were encountered. 
Treatments increased transient biochemical alterations particulary in patients with baseline changes, suggesting a 
stricter monitoring of blood exams in this category of patients. 
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1. Introduction 

Multiple Sclerosis (MS) is a progressive, invalidating 
pathological state, the exact etiology of which is still un- 
certain [1]. It is considered as an autoimmune disease 
although the reasons for autoimmune disease although 
the reasons for the autoimmune demyelinization are far 
to be clear [2]. At the molecular level, MS is characte- 
rized by a series of biochemical changes affecting neu- 
ronal functions [3], some of which are in common with 
other neurodegenerations such as Alzheimer’s [4] and 
Parkinson’s disease [5]. Many clinical reports described 
changes in biochemical parameters in untreated multiple  

sclerosis (MS) patients, in particular regarding liver en- 
zymes, thyroid function tests, autoantibodies, lipid pro- 
file and uric acid levels. More recently the biochemical 
changes during the natural history of MS have become 
more difficult to assess, owing to the large availability of 
disease modifying drugs. Therefore we should refer to 
the pre-interferon (IFN) era studies or to baseline labora- 
tory evaluations in cohorts of patients followed longitu- 
dinally on immunomodulatory therapies. 

Hypertransaminasemia: autoimmune diseases are as- 
sociated with an increased risk of hypertransaminasemia. 
In the course of MS, cases of autoimmune hepatitis and 
primary biliary cirrhosis have been reported [6]. Bioche- 
mical data collected in longitudinal studies on liver func- *Corresponding author. 
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tion in the course of interferon therapy showed a subcli- 
nical hypertransaminasemia in 4.6% of patients already 
at basal [7].  

Dysthyroidism: dysthyroidism and autoimmune thy- 
roiditis are more frequent in the course of MS. In par- 
ticular it was demonstrated that males with MS have the 
same prevalence of thyroid disorders as women, with or 
without MS [8]. At baseline alterations of thyroid hor- 
mones and/or thyroid stimulating hormon (TSH) were 
observed in 5.3% of patients [7]. 

Dyslipidemia: an increase in total cholesterol and HDL 
cholesterol levels were found in patients at onset of MS, 
without correlations between lipid levels and clinical pa- 
rameters. In a study evaluating during 6 months follow- 
up with monthly brain MRI with gadolinium, Pozzilli et 
al. showed a correlation between total cholesterol and 
LDL cholesterol levels with the number of active plaques 
at brain MRI [9]. This study suggested the possibility of 
considering plasma cholesterol as a biological marker of 
disease activity in patients at onset of MS.  

Changes of uric acid: in the course of MS a reduced 
value of uric acid (UA) was found, in normal range, 
compared to healthy subjects, in the absence of correla- 
tions with disease activity, duration, course or degree of 
disability [10]. This study favored the view that reduced 
UA in MS acts as a primary, constitutive loss of protec- 
tion against oxidative agents. This reduction has been 
confirmed in other studies that showed also an inverse 
correlation with clinical and neuroradiological disease 
activity [11], while therapy with steroid boli for clinical 
relapses was associated with a significant increase in the 
values of UA compared to pre-treatment values [12].  

Changes in Biochemical Parameters during 
Therapy with Disease Modifying Drugs 

Following the introduction of therapy with drugs that 
modify the course of disease, more attention has been 
focused on biochemical parameters changes, particulary 
to evaluate possible adverse effects: Liver effects: a 
transient, but significant, increase in transaminases in 
30% - 40% of patients treated with IFNs was demon- 
strated, especially in the first six months of therapy [7]. 
Compared to pilot studies, these alterations were more 
obvious in post-marketing studies, but rarely so severe to 
lead to discontinuation of therapy. There seems to be a 
direct hepatotoxic effect of IFNs, with action on the P450 
cytochrome [13].  

Thyroid effects: alterations of thyroid hormones have 
been attributed to the Interferon in MS, but recently 
dysthyroidism did not appear significantly increased on 
IFN treatment compared to the risk of MS dependent 
comorbidity [7]. There seem to be disease related changes 
both in hypothyroidism and hyperthyroidism. The pro- 
duction of anti-thyroid auto antibodies without apparent 

clinical correlate is frequent. Transient dysthyroidism in 
not predisposed patients do not occur beyond the first 
year of therapy and it is therefore advisable to monitor 
thyroid parameters beyond the first year of therapy only 
in patients with a history of thyroiditis [14]. 

Hematological effects: dose-related cytopenias were 
observed in 10% of patients treated with IFNs, especially 
regarding the white cells. Severe leukopenia, lymphope- 
nia and neutropenia are uncommon. These alterations are 
usually early (within 3 months), asymptomatic and not 
associated with increased risk of infection [15]. The phe- 
nomenon is entirely peripheral, with normal bone ma- 
rrow, as a redistribution of blood cells. 

Lipid profile changes: pro-inflammatory cytokines have 
a prominent role in determining changes in lipids me-
tabolism. Several studies have emphasized that the effect 
of IFNs results in a decrease of cholesterol and in- 
creased triglycerides [16]. It is unclear whether IFN acts 
on lipid metabolism directly or through a different im- 
munomodulatory mechanism. 

Uric acid: during treatment with various immunomo- 
dulatory drugs currently on the market, there was evi- 
dence of increased levels of uric acid only with Glati- 
ramer acetate, but not with Interferon. It has been sug- 
gested that the natural inhibitor of free radicals role of 
uric acid can intervene in the mechanism of action of 
Glatiramer acetate [17]. 

2. Patients and Methods 

We considered the evolution of various biochemical pa- 
rameters during treatment with IFN beta 1a at various 
doses, IFN beta 1b and Glatiramer acetate. On a total of 
624 patients followed at our center, those who practiced 
for the first time therapy with IFN or Glatiramer acetate 
were 595 (95%), with baseline biochemical evaluation 
available in 488 (82%) (307 females, mean age 36.6 
years). Blood sampling was performed in the morning 
after a 12-hours fasting. The follow-up data of these pa- 
tients were considered for statistical analysis. The fol- 
lowing outcome variables were evaluated: laboratory 
changes, in particular liver function, thyroid function, 
lipids and blood cell count. Percentages were compared 
using the chi-square test. 

3. Statistical Analysis 

ANOVA was performed to evaluate changes of labora- 
tory tests over time between therapy groups.  

4. Results 

4.1. Baseline Alterations 

In the group of 488 de novo patients followed at our MS 
center, abnormal liver enzyme (>40 U/L) were present in 
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3.5% and 12.3% for AST and ALT respectively (Figure 
1). 

mcg (13.3%) and with Glatiramer acetate (23.5%) with 
values even higher than 5000 IU. High levels of anti- 
TPO antibodies (>100 U/L) were detected at 24 months 
only in the group treated with Glatiramer acetate (14.3%). 
Thyroid function analysis showed a transient increase in 
free-tri-iodothyronine (fT3) levels (3.09 pg/ml, F = 2.25, 
P < 0.01) at the first month of therapy, without any clini- 
cal correlate, with spontaneous normalization. 

Thyroid function tests showed a 3.5% of patients with 
altered thyroid hormones, while anti thyroid antibodies 
with values > 100 U/L were present in 6.9% and 8.9% 
for anti-thyroglobulin (TgAb) and for anti-thyreoperoxi- 
dase (TPOAb) respectively (Figure 2). 

In a subgroup of patients we focused attention on lipid 
profile: at baseline, total cholesterol ranged between 2.5 
and 7.6 mmol/L (normal laboratory range: 2.4 - 5.5 
mmol/L; desirable value: <4.9 mmol/L). LDL ranged be- 
tween 0.7 and 5 mmol/L (normal laboratory range: 1.5 - 
3.9 mmol/L; desirable value: <3.4 mmol/L). 

The lipid profile, in particular, has been studied in a 
subgroup of 253 consecutive patients during treatment 
with Interferon Beta 1a or 1b, showing modest but sig- 
nificant decrease in total cholesterol (up to −8%) over 1 
year follow-up, while for triglycerides was found only a 
slight and not significant increase (up to +6%). We have 
not revealed differences between the different IFN thera- 
pies in the influence on lipid values [18]. In the total 
sample, the total cholesterol level decreased significantly 
from month 3 and remained significantly lower than 
baseline levels throughout the follow-up with a pharma- 
cological significant effect only for IFN beta 1b (p < 
0.01), IFN beta 1a 30 mcg and IFN beta 1a 44 mcg (p < 
0.001), and a non significant trend with IFN beta 1a 22 
mcg (Figure 5). 

4.2. Follow-Up 

Patients were divided into five treatment groups (IFN 
beta 1a 30 mcg 27.5%, IFN beta 1a 22 mcg 17.6%, IFN 
beta 1a 44 mcg 13.5%, IFN beta 1b 26.6% and Glati- 
ramer acetate 14.8%). The mean follow-up was 25.1 
months. We have documented a transient increase of 
liver enzymes in the first 6 - 12 months of therapy in all 
subgroups, statistically significant for the higher IFN 
dose regimens, with a tendency to return to baseline le- 
vels by the end of follow-up, without change of dosage 
of the drug (Figures 3 and 4). In particular, a peak of 
AST and ALT levels was registered at month 2 for IFN 
beta 1b and at month 3 for the two s.c. IFN beta 1a 
formulations. 

Triglycerides did not show any significant change. Pa- 
tients with higher relapse rate during treatment did not 
show significantly higher cholesterol levels, contrarily to 
other literature evidences [9], not confirming, therefore, 
the role as a biochemical marker of disease activity sug- 
gested above for plasma cholesterol. The decrease of 
cholesterol levels was confirmed also on long term fol-
low-up on IFN beta 1a therapy [19].  

Anti-thyroglobulin antibodies with clinically signifi- 
cant values (>100 U) increased and remained persis- 
tently high at 24 months of treatment with IFN beta 1a 22 

O verall  percentage of patients with baseline
AST >40

3%

   

O verall percentage of patients with baseline
ALT>40

12.5%

 

 

Figure 1. Overall percentage of patients with AST and ALT > 40 IU at baseline. 

O verall percentage of patients with baseline
TgAb >100U

6.9%

   

O verall percentage of patients with baseline
TPO Ab > 100U

8.9%

 

 

Figure 2. Overall percentage of patients with TgAb and TPOAb > 100 IU at baseline. 
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Figure 3. AST. Transient increase statistically significant for IFN beta 1b, IFN beta 1a 22 mcg and 44 mcg (p < 0.01). Mean 
and SD of AST values in brackets. 
 

 

Figure 4. ALT. Transient increase statistically significant for IFN beta 1b (p < 0.001), IFN beta 1a 22 mcg and 44 mcg (p < 
0.01). Mean and SD of ALT values in brackets. 
 

 

Figure 5. Total cholesterol level (mg/dl). Decrease of total cholesterol levels with a significant treatment effect for IFN beta 1b 
(p < 0.01), IFN beta 1 a 30 mcg and IFN beta 1a 44 mcg (p < 0.001), and a non significant trend with IFN beta 1a 22 mcg. 
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Uric acid did not show significant changes during the- 

rapy. 
Regarding peripheral blood counts, white blood cells 

(WBC) decreased significantly in treatment at month 3 
(6.04 × 103/dl, p < 0.001) and remained below baseline. 

5. Discussion 

The study of biochemical alterations in patients with MS 
has a historical value. It was one of the few tools to in- 
vestigate this disease in last century, in the pre-MRI era, 
giving rise to pathogenetical hypothesis, such as the acid 
linolenic deprivation hypothesis [20]. More recently some 
have taken interest in blood chemistry analysis as diag- 
nostic marker for MS, through specific measures of auto- 
antibodies [21]. In the last years, blood analysis in MS 
natural history have been performed mainly to obtain 
more information relatively to the multifactorial patho- 
genesis of such a disease, looking for more effective the- 
rapies or combination therapies. 

Lipids too have been largely investigated, and their 
study, also if not completely clarifying the primary or se- 
condary role of their alteration in MS, has, anyhow, ad- 
dressed the research towards statins mechanism of action 
in this disease. The use of such a class of drugs has been 
recognized effective as add-on therapy in patients not 
satisfactorily performing on IFNs alone [22,23]. 

Our data confirm that in the course of MS there are 
some biochemical alterations, mainly due to the co-mor- 
bidity with other autoimmune disorders, but also to other 
mechanisms and in some cases even secondary to the dis- 
ease itself. The secondary effects of the disease modify- 
ing treatments, analyzed in our cohort of patients, even if 
not clinically relevant were evident for all of the drugs, 
with some differences: we found a more pronounced 
alteration of liver enzymes and, with an inversion of ten- 
dency of the cholesterol levels, for the IFNs, with a dose 
dependent mechanism, and more evident effect on anti- 
thyroid antibodies production in the Glatiramer acetate 
group. This data is unexpected, since this drug is not re- 
lated to autoantibodies production, but we cannot ex- 
clude that the production of anti-thyroid antibodies was 
more significant in this treatment group because of a bias 
in the treatment assignment: a history of previous auto- 
immune disorders or of a familiarity for these diseases 
might have led to the Glatiramer acetate therapy choice 
in some cases.  

6. Conclusions 

From the data of the literature we took the message that 
one of the most interesting metabolite altered in the 
course of MS is uric acid: its renown deficit in MS de- 
serves further pathogenetic elucidation aimed at future 
therapeutic strategies. Regarding the aspects of disease 

modifying therapies adverse effects, mainly hepatic in- 
jury and thyroid function alterations, from the data re- 
trieved from literature and our clinical experience, we 
might extrapolate some general observations: 

1) Monitoring of blood chemistry parameters under 
immunomodulatory therapies for MS is warranted in the 
first year, in particular for liver enzymes, thyroid anti- 
bodies, blood cells.  

2) Those subjects with abnormal baseline parameters 
require monitoring in the longer term, since blood analy- 
sis can be altered even at 24 months of therapy.  

3) Therapies considered as “low dose” are not free 
from hepatotoxic risks. 

4) Production of anti thyroid antibodies should be 
monitored also during treatment with Glatiramer acetate, 
given the high incidence of clinically significant values 
of auto antibodies up to two years of therapy in our po- 
pulation. 
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