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of Environment and Primary Prevention, Istituto Superiore di Sanità, Roma, Italy, 2 Department of Clinical Medicine, University ‘La Sapienza’,
Roma, Italy
∗ Corresponding author: Department of Environment and Primary Prevention, Istituto Superiore di Sanità, Viale Regina Elena 299, 00161 Roma, Italy.
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Abstract — In Western countries alcohol misuse is the most frequent cause of thiamine (vitamin B1) deficiency (TD) and consequent
neuro-impairment. Studies have demonstrated that between 30 and 80% of alcoholics are thiamine deficient, and this puts them at risk of
developing the Wernicke–Korsakoff (WK) syndrome. The relative roles of alcohol and TD in causing brain damage remain controversial
and it is important to try to determine the role played by each factor. Animal studies support an additive effect of alcohol exposure
and TD, and indicate the potential for interaction between alcohol and TD in human alcohol-related brain damage. Early diagnosis of
alcohol-related TD is therefore an important aspect of effective intervention and treatment. Alcohol biomarkers provide a direct and
indirect way of estimating the amount of alcohol being consumed, the duration of ingestion and the harmful effects that long-term
alcohol use has on body functions. Appropriate use of these markers is very helpful when considering a diagnosis of alcohol-related TD.
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Thiamine, or vitamin B1, is a water-soluble vitamin synthesized
by different plants and micro-organisms. In animals, it is synthesized only in small quantities by intestinal bacterial flora. It
is uncertain to what extent synthesis of thiamine occurs in man
and especially in the malnourished alcoholic patient, where
the uncertain production may be reduced by an inadequate
supply of other nutrients, the effects of alcohol on the gastrointestinal tract and antibiotic use. However, thiamine synthesis
does not protect these patients significantly against depletion.
It has been established that mammals (including man) lack the
necessary pathways for the synthesis of this vitamin and are
therefore dependent upon obtaining sufficient quantities from
the diet. In man, thiamine is absorbed from the gastro-intestinal
tract by a rate-limited active transport mechanism that can be
inhibited by alcohol, malnutrition or a combination of both factors. Thiamine (T) is present in the organism as free thiamine
(10%), diphosphate ester (TDP, 80%) and small quantities of
triphosphate (TTP) and monophosphate esters (TMP). T and
TMP are detected mainly in human serum and cerebrospinal
fluid; T, TMP and TDP in erythrocytes and TTP in nervous
tissue. Most of the thiamine reserve is in the skeletal muscle,
in heart, liver, brain and kidneys. T is converted by thiamine
pyrophosphokinase to TDP, the metabolically active form. T
and its phosphate esters play major roles as coenzymes in carbohydrate metabolism and in nerve cell conduction. TDP is
a coenzyme for several intra-mitochondrial enzymes involved
in carbohydrate and lipid metabolism and participates in the
activity of three major enzyme complexes: the pyruvate dehydrogenase complex, the alpha-ketoglutarate dehydrogenase
complex (Krebs cycle) and transketolase (pentose phosphate
pathway) (Gubler, 1991). Free thiamine is involved in mediating the parasympathetic neural activity, and thiamine deficiency
(TD) leads to impairment of nerve conduction/transmission inducing peripheral neuropathy and irreversible brain damage.
Thiamine requirements are related to the calorific content of
the diet and increase when the diet is rich in carbohydrates and
when basal metabolism is increased (e.g. fever, trauma, pregnancy, lactation, alcoholic detoxification). Significant loss can

occur in pregnancy, diuretic therapy, haemodialysis, peritoneal
dialysis and diarrhoea.
Very little T is stored in the body (30–50 mg), so that the
effects of depletion can be seen within 2–3 weeks of reduced
thiamine intake, with reduction in liver and muscle stores and
impaired function of enzymes requiring TDP as a coenzyme.
The role of T in the aerobic oxidation of glucose is essential and,
since the brain usually takes all its energy from aerobic oxidation of glucose, it is the first organ impaired by TD. In the case
of TD, mitochondrial uncoupling and enzyme deficits result in
different mechanisms involved in neuronal death (Hazell et al.,
1998). Neurological symptoms of TD probably arise from the
direct involvement of thiamine in neuro-transmission (Devlin,
1992).
The relationship between TD and cholinergic neuronal function has been studied in an animal model (Nakagawasai, 2005).
Choline acetyltransferase (ChAT) fluorescence intensity, a
marker of presynaptic cholinergic neurons, was decreased in
the cortex and hippocampus at an early stage (14th day) of
TD and it was decreased in a wide range of brain areas at a
later stage (25th day). These findings suggest that the memory
deficits in the late stage of TD may be caused by a reduction in
cholinergic function in the early phase of TD, and the activation of cholinergic neurons may play an important role in the
improvement of TD-induced memory deficit.
TD and subsequent brain damage may occur in malnourished patients affected by different diseases. TD is reported
in AIDS and asymptomatic HIV-positive patients (Müri et al.,
1999). It has been suggested that impaired thiamine metabolism
may play a role in Alzheimer’s disease (Eisinger et al., 1994).
Chemotherapy and radiotherapy can also cause vitamin deficiency but the indication for thiamine supplementation in malignancy is still debated (Boros et al., 1998). T levels can be
decreased by malabsorption, decreased intake, reduced storage,
impaired utilization due to different causes such as old age,
chronic use of drugs, folate deficiency and alcoholism. Pregnancy also increases the demand for T and recent case reports of
TD and consequent Wernicke’s encephalopathy (WE) caused
by hyperemesis gravidarum have confirmed earlier reports
(Indraccolo et al., 2005; Phayphet et al., 2007). Clinical
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symptoms of TD are frequently ill-defined and most cases
(80%) of WKS are diagnosed only at post-mortem (Thomson,
2000).
In Western countries, the most frequent cause of TD and consequent neuro-impairment is alcohol misuse (He et al., 2007).
Furthermore, as reported by Thomson et al. (2008), ‘the pattern
of signs and symptoms of WE appears to be similar, regardless
of whether the TD is related to nutritional problems alone or
associated with alcohol misuse’.
The risk of vitamin deficiency, and in particular TD, in alcohol misusers is well known. While this is largely due to poor
nutrition, chronic gastritis and diarrhoea significantly reduce
the availability of vitamin B1. Intestinal absorption of thiamine
can also be significantly reduced by alcohol or malnutrition
acting alone or in combination (Thomson, 2000). Furthermore,
the requirement of thiamine is increased by the amount of glucose in the alcohol consumed. Liver damage may deplete the
liver of T reserves, therefore decreasing enzyme function. Thus,
the utilization of T is further limited and ethanol neurotoxicity
per se may interfere with the thiamine transport system in the
brain. Early diagnosis is essential for effective prevention and
treatment of WE.
ALCOHOL BIOMARKERS AND THIAMINE
DEFICIENCY

Blood alcohol concentration (BAC)
Measurement of the BAC can be performed directly in blood
samples or indirectly by sampling expired air (breath-test),
saliva and urine (Taggi et al., 1989). The alcohol concentra-

Gamma-glutamyltransferase (GGT)
GGT is a membrane-bound glycoprotein enzyme that catalyzes
the transfer of the gamma-glutamyl moiety of glutathione to the
various peptide acceptors. Elevated GGT is an early indicator of
liver disease. Heavy alcohol intake induces a rise in serum GGT
levels that return to the reference range after 20–30 (or more)
days of abstinence. Increased serum GGT is a sensitive marker
(60–90%) for the diagnosis of alcohol-induced damage but only
if associated with other markers of alcohol misuse and when
biliary stasis is excluded. Results of the WHO/ISBRA collaborative project demonstrated that serum GGT is increased in
52% of alcohol-dependent subjects, in 28% of heavy drinkers,
in 15% of light/moderate drinkers and in 10% of non-drinkers
(Helander, 2003). GGT is not sensitive enough as a screen for
‘at-risk’ drinking in young people and in women (Conigrave
et al., 2003). As regards the gender differences, it should be
noted that in pregnancy, GGT may remain in the reference
range even when a woman is drinking.
Specificity of GGT is poor since it is elevated in a number
of other conditions such as pancreatitis, and prostate disease,
diabetes, obesity and other liver diseases. Furthermore, GGT
is induced by drugs such as barbiturates, antiepileptics and
anticoagulants. Notwithstanding the above, GGT remains one
of the most useful alcohol biomarker in current clinical practice.
Transaminases AST and ALT
The transaminases AST and ALT are enzymes involved in the
metabolism of amino acids, the building blocks of proteins.
ALT is the more specific marker of alcohol-induced liver injury because it is found predominantly in the liver, whereas
AST is found in several organs, including the liver, heart,
muscle, kidney and brain. Very high levels of these enzymes
(e.g. >500 U/l) may indicate alcoholic liver disease, but an increase in transaminase levels is not specific to alcohol-related
liver disease: it may also be related to viral hepatitis. For discriminant diagnosis, the ratio AST/ALT is used. A ratio of <1
indicates a diagnosis of viral hepatitis, while an AST/ALT ratio
of >1 is suggestive of alcoholic liver disease. At present, the
AST/ALT ratio is considered one of the best diagnostic tools
to recognize alcohol-related liver disease, despite the fact that
it performs less well in patients under the age of 30 or over the
age of 70 years (Halvorson et al., 1993).
The total hepatic AST activity is due to mitochondrial AST
(10%) and cytosolic AST (90%) isoenzymes. Alcohol-related
liver damage produces a selective impairment of mitochondria, and the release of the AST mitochondrial fraction into
the serum contributes to the increase of circulating AST levels
(Pol et al., 1991). An increase in the mitochondrial fraction
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Although health problems due to alcohol misuse are common in both hospital and clinical practice, early-phase problem drinking is frequently missed. Diagnostic screening tests
for alcohol misuse should be sensitive and specific enough to
identify patients drinking at an ‘at risk’ or hazardous fashion.
Supplementing self-report with carefully selected laboratory
markers of alcohol misuse, such as aspartate aminotransferase
(AST), alanine aminotransferase (ALT), mean corpuscular volume (MCV) and γ -glutamyltransferase (GGT), is the best strategy to identify at-risk drinking and to monitor drinking behaviour (Miller et al., 2004; Aalto and Seppa, 2005; Anttila
et al., 2005).
Until relatively recently many longitudinal studies on alcohol dependence included only male subjects. Studies of alcohol biomarkers have therefore used male populations and then
generalized the results to both sexes. Recently, gender studies
have been promoted to evaluate interactions between gender,
alcohol effects and biomarkers and to establish sex-specific
limits.
Women appear to be more vulnerable to the effects of alcohol, because of physiological, metabolic and hormonal factors
(Mancinelli and Guiducci, 2004; National Institute on Alcohol and Alcohol Abuse, NIAAA, 1990) and the increase in the
number of drinking females is an emerging problem not least
because of the attendant risks of drinking during pregnancy
(Warren and Foudin, 2001).
The use of some routine and promising alcohol biomarkers
is discussed below, taking into account the gender effect, where
known (Chen et al., 2003; Schwan et al., 2004).

tion in saliva is not significantly different from that in blood
or breath. The alcohol peak in urine is reached ∼30 min later
than in blood, saliva or breath (Taggi et al., 1989; Macchia
et al., 1991). In certain situations, such as the emergency room
and when the patient is unconscious, BAC determination may
be critical for correct diagnosis and treatment. Gender differences in BAC may be highly significant. Experimental studies
have demonstrated that, after the same alcohol intake, BAC in
females was four times higher than in males (Mancinelli and
Guiducci, 2004). The short half-life of ethanol is a limiting
factor for the usefulness of BAC assessment.
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was demonstrated to be a sensitive and specific marker of alcohol damage, directly related to alcohol intake within 2–3 days
(Macchia et al., 1997).
Mean corpuscular volume (MCV)
The MCV or volume of red blood cells is elevated in chronic
heavy drinkers (Neumann and Spies, 2003) and is often used as
a screen for alcohol misuse. Macrocytes from alcohol misusers
are typically round rather than oval and may also show excessive stomatocytosis (Lindenbaum, 1987). The prevalence of
macrocytosis has been shown to be higher in female alcoholics
(86%) than in their male counterparts (63%) (Morgan et al.,
1981; Fauske and Haver, 1990). MCV values return to within
reference limits after ∼2–4 months of abstinence. Persistent
macrocytosis following cessation of alcohol may reflect other
clinical conditions such as Vitamin B12 and folate deficiency,
liver disease and hypothyroidism.

Blood lipid profile
Blood lipid profile is modified by alcohol intake according to
dose, individual susceptibility, genetic factors and diet. Alcohol
intake stimulates hepatic triglyceride (TG) synthesis and VLDL
secretion. Low-to-moderate alcohol intake in non-alcoholics
modifies plasma lipoprotein profile according to dose and time.
Plasma TG levels are normal or slightly increased in subjects
with moderate alcohol intake. Individuals who misuse alcohol
frequently have raised serum TG levels: up to 80% may have
hyper-triglyceridaemia following recent heavy drinking. Prolonged alcohol consumption is associated with increased levels
of high-density lipoprotein (HDL) cholesterol; this returns to
normal range within 2 weeks of abstinence. It is thought that
∼50% of the cardio-protective effect of moderate alcohol consumption is mediated by HDL (Moorjani and Lupien, 1990;
Lieber, 1997; Sacco et al., 1999).
Immune response
Alcoholics frequently suffer from infectious diseases, autoimmune diseases and have increased rates of some cancers, indicating that alcohol impairs the immune system. Many alcoholspecific immune effects remain poorly understood. In chronic
heavy drinkers, the adducts formed by proteins with aldehydes and hydroxyl radicals from ethanol metabolism stimulate
immunological responses both for IgA and IgG. IgA titres are
elevated in 69% of patients with alcoholic liver disease (Vitala
et al., 1997).

Recent studies in alcoholics have demonstrated that ethanol
exposure modifies the activity of dendritic cells (DC). Ethanol
affects LPS-induced maturation of DC required for efficient
presentation to antigen-specific T-cells, producing phenotypic
and functional alteration. The effectiveness of the immune response is decreased, the antigen presenting function of alcoholic DC is reduced and the defence from microbial effects is
compromised. Experimental data in vivo and in vitro support
the hypothesis that acute ethanol exposure may also block the
DC maturation, leading to an increased risk of infection and
inhibition of host inflammatory response (Szabo et al., 2004;
Buttari et al., 2005).
Carbohydrate-deficient transferrin (CDT)
CDT is the term used to describe the group of isoforms of
transferrin that are deficient in sialic acid residues (Stibler,
1991; Sillanaukee et al., 2001). Several methods for CDT measurement have been introduced, and different cut-off levels
have been suggested. Differences in analytical procedures and
units of measure, in selection criteria of cases and controls,
in genetics, life-style and nutrition of the population studied,
make it difficult to compare the results across different groups
(Arndt, 2001; Bortolotti et al., 2006). CDT has been demonstrated to be an effective marker in male alcoholics. It is less
effective in women in whom CDT levels are usually higher,
requiring a higher diagnostic cut-off point (Lof et al., 1994;
Sillanaukee et al., 1994). Iron deficiency and hormonal status
are thought to play a significant role in gender differences.
During pregnancy, CDT values increase independently of alcohol intake (Sarkola et al., 2000; Cook, 2003). CDT is a very
well characterized biomarker for heavy alcohol intake and is
most useful when combined with other markers (Chen et al.,
2003). Diagnostic sensitivity and specificity of this test for
the assessment of women and pregnant women require further
study.
Promising biomarkers
Detection of alcohol misuse may be particularly difficult in
women, especially pregnant woman. This is a serious issue,
because prenatal alcohol use is a primary risk factor for foetal
alcohol spectrum disorders (FASD), the most common preventable cause of mental, developmental, behavioural and social deficits, as well as some birth defects (Jones et al., 1973;
Riley et al., 2003; Hoyme et al., 2005). The diagnostic power
of traditional markers may be limited in pregnancy and in
the neonate. The determination of new sensitive and specific
biomarkers in meconium and hair allow for the detection of
prenatal exposure to alcohol.
Fatty acid ethyl esters (FAEEs)
FAEEs are nonoxidative metabolic products resulting from the
interaction between alcohol and fatty acids. They are measured
as a combination of four separate molecules: ethyl myristate, ethyl palmitate, ethyl oleate and ethyl stearate (Wurst
et al., 2004). FAEEs have been implicated in the pathophysiology of alcoholic diseases and in foetal alcohol syndrome,
alcohol-related birth defects and neurodevelopmental disorders
(Kaphalia et al., 2004).
Recent studies demonstrate that FAEEs are sensitive and
specific markers for distinguishing social drinkers from heavy
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Haematological parameters
Concomitant iron deficiency, increased red cell distribution
width (RDW) and other dismorphisms may be markers of alcohol misuse even if MCV is normal (Seppa et al., 1991).
Alcoholic liver disease may also be associated with spur cell
haemolytic anaemia; pathological ring sideroblasts have been
reported to occur in anaemic alcoholics, especially when malnutrition and folate deficiency are present. Thrombocytopaenia
(low platelet count) is common in patients with recent heavy
drinking. It seems that alcohol can suppress platelet production since, under experimental conditions, thrombocytopaenia
occurs after alcohol intake in almost half of healthy subjects.
In alcoholic cirrhosis with splenomegaly, platelets may be sequestrated in the spleen (Maher, 1998).
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or alcohol-dependent drinkers (Salem et al., 2001; Wurst
et al., 2004) and for detecting prenatal exposure. The presence
of ethyl oleate in meconium was associated with self-reported
drinking during pregnancy, with high sensitivity and specificity
(Bearer et al., 2003). The determination of FAEE in hair is suggested as a marker for chronic heavy alcohol consumption in
adults (Wurst et al., 2003, 2004; Yegles et al., 2004) and for
prenatal alcohol exposure in the newborn.
Even if analytical determination of FAEE in hair needs specific expertise in the testing process from sample collection
to results interpretation, it may be one of the most promising tools in alcohol biomedical research (Pragst and Balikova,
2006).
Ethyl glucoronide (EtG)
EtG is a non-volatile, water-soluble, direct metabolite of alcohol that forms in the liver when alcohol reacts with glucuronic
acid, a substance which detoxifies drugs by turning them into
water-soluble compounds that are easily removable from the
body (Wurst et al., 1999). EtG can be detected in body fluids
and hair, and remains in the blood for up to 36 h and in the urine
for up to 5 days after heavy alcohol use. EtG is not found in
non-drinking subjects (Wurst et al., 1999). This test appears to
be effective in detecting heavy drinking, even when traditional
markers and clinical evidence fail to show it (Seidl et al., 1998;
Wurst et al., 2003).

THIAMINE AND ITS ESTERS
Alcohol dependence is frequently associated with thiamine deficiency. However, analytical difficulties have meant that estimation of thiamine levels has not been part of clinical management of these patients. Recently, an improved analytical
procedure for the determination of thiamine and its esters in
erythrocytes was applied to clinical studies in alcoholic patients (Mancinelli et al., 2003; Ceccanti et al., 2005). The data
obtained by direct measurement of T, TMP and TDP content
in human erythrocytes showed that T and TDP content in alcoholics were significantly lower than in controls (P < 10−5 ),

CONCLUSION
Alcohol biomarkers provide direct and indirect ways to estimate the amount of alcohol consumed and the duration of
ingestion, as well as the harmful effects on the body resulting
from long-term alcohol misuse. Furthermore, alcohol biomarkers give further information about drinking patterns in individuals and populations. They have the potential to aid the
identification of alcohol-related problems such as TD, by raising the index of suspicion that there is an underlying problem
as well as giving information about the nutritional status of
patients.
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Müri RM, Von Overbeck J, Furrer J et al. (1999 Dec) Thiamin deficiency in HIV-positive patients: evaluation by erythrocyte transketolase activity and thiamin pyrophosphate effect. Clin Nutr 18:
375–8.
Nakagawasai O. (2005) Behavioral and neurochemical alterations following thiamine deficiency in rodents: relationship to functions of
cholinergic neurons. Yakugaku Zasshi 125:549–54.
National Institute on Alcohol and Alcohol Abuse (NIAAA). (1990)
Alcohol and Women. Alcohol Alert No. 10. Bethesda, MD: National
Institute on Alcohol and Alcohol Abuse.
Neumann T, Spies C. (2003) Use of biomarkers for alcohol use disorders in clinical practice. Addiction 98(Suppl 2):81–91 (review).
Phayphet M, Rafat C, Anderux F et al. (2007) Hyperemesis gravidarum: a rare case of Wernicke encephalopathy. Presse Med 36(Pt
1):1759–61.
Pol S, Nalpas B, Vassault A et al. (1991) Hepatic activity and mRNA
expression of aspartate aminotransferase isoenzymes in alcoholic
and nonalcoholic liver disease. Hepatology 14(Pt 1):620–5.
Pragst F, Balikova MA. (2006) State of the art in hair analysis for
detection of drug and alcohol abuse. Clin Chim Acta 370(1–2):17–
49.
Riley EP, Mattson SN, Li TK et al. (2003) Neurobehavioral consequences of prenatal alcohol exposure: an international perspective.
Alcohol Clin Exp Res 27:362–73.
Sacco RL, Elkind M, Boden-Albala B et al. (1999) The protective
effect of moderate alcohol consumption on ischemic stroke. JAMA
281:53–60.
Salem RO, Refaai MA, Cluett-Brown JE. (2001) Fatty acid ethyl esters
in liver and adipose tissues as postmortem markers for ethanol
intake. Clin Chem 47:722–5.
Sarkola T, Ericsson CJ, Niemela O. (2000) MCV and GGT are superior
to CDT and hemoglobin—acetaldehyde adducts in the follow-up of
pregnant women with alcohol abuse. Acta Obstetrica et Gynecologica Scandinavica 79:359–66.
Schwan R, Albuisson E, Malet L et al. (2004) The use of biological
laboratory markers in the diagnosis of alcohol misuse: an evidencebased approach. Drug Alcohol Depend 74:273–9.
Seidl S, Wurst FM, Alt A. (1998) Proof of abstinence by means of the
ethanol metabolite ethyl glucoronide in the expert assessment for
judging driving ability. Blutalcohol 35:174–82.
Seppa K, Laippala P, Saarni M. (1991) Macrocytosis as a consequence
of alcohol abuse among patients in general practice. Alcohol Clin
Exp Res 15:871–6.
Sillanaukee P, Lof K, Harlin A et al. (1994) Comparison of different
methods for detecting carbohydrate-deficient transferring. Alcohol
Clin Exp Res 18:1150–5.
Sillanaukee P, Strid N, Allen JP et al. (2001) Possible reasons why
heavy drinking increases carbohydrate-deficient transferrin. Alcohol Clin Exp Res 25:34–40.
Stibler H. (1991) Carbohydrate-deficient transferring in serum: a new
marker of potentially harmful alcohol consumption reviewed. Clin
Chem 37:2029–37.
Szabo G, Catalano D, White B et al. (2004) Acute alcohol consumption
inhibits accessory cells function of monocytes and dendritic cells.
Alcohol Clin Exp Res 28(5):824–8.
Taggi F, Macchia T, Mancinelli R et al. (1989) Alcol e incidenti
stradali: aspetti epidemiologici e problemi di rilevazione. Algologia
1:207–15.
Thomson AD. (2000) Mechanisms of vitamin deficiency in
chronic alcohol misusers and the development of the Wernicke–
Korsakoff syndrome. Alcohol Alcohol Suppl May–June 35:2–
7.
Thomson AD, Cook CCH, Guerrini I et al. (2008) Wernicke’s encephalopathy: ‘plus ca change, plus c’est la meme chose’. Alcohol
Alcohol 43(2):180–6.
Varga A, Hansson P, Johnson G et al. (2000) Normalization rate and
cellular localization of phosphatidylethanol in whole blood from
chronic alcoholics. Clin Chim Acta 299:141–50.
Vitala K, Israel Y, Blake JF et al. (1997) Serum IgA, IgG and IgM antibodies directed against acetaldehyde-modified epitopes: relationship to liver disease severity and alcohol consumption. Hepatology
25:1418–24.
Warren KR, Foudin LL. (2001) Alcohol related birth defects, the past,
present and future. Alcohol Res Health 25:153–8.

Downloaded from by guest on March 1, 2016

Chen J, Conigrave KM, Macaskill P et al. (2003) Combining CDT and
GGT to increase diagnostic accuracy for problem drinking. Alcohol
38:574–82.
Conigrave KM, Davies P, Haber P et al. (2003) Traditional markers
of excessive alcohol use. Addiction 98(S2):31–43.
Cook JD. (2003) Biochemical markers of alcohol use in pregnant
women. Clin Biochem 36:9–19.
Devlin TM (ed.). (1992) Textbook of Biochemistry with Clinical Correlation, 3rd edn. New York: Wiley-Liss.
Eisinger J, Arroyo P, Braquet M et al. (1994) Erythrocyte transketolases and Alzheimer disease. Rev Med Int 15:387–9.
Fauske S, Haver B. (1990) Women with alcohol problems. Tidsskr
Nor Laegeforen 110:1700–3.
Gubler CJ. (1991) Thiamin. In Machlin LJ (ed.). Handbook of Vitamins. New York: Dekker, 233–81.
Halvorson MR, Campbell JL, Srague G et al. (1993) Comparative
evaluation of the clinical utility of three markers of ethanol intake:
the effect of gender. Alcohol Clin Exp Res 17:225–9.
Hansson P, Caron M, Johnson G et al. (1997) Blood phosphatidylethanol of alcoholic abuse: levels in alcoholic males during
withdrawal. Alcohol Clin Exp Res 21:108–10.
Hazell AS, Todd KG, Butterworth RF. (1998) Mechanisms of neuronal
cell death in Wernicke’s encephalopathy. Metab Brain Dis 13:97–
122.
He X, Sullivan EV, Stankovic RK et al. (2007) Interaction of
thiamine deficiency and voluntary alcohol consumption disrupts
rat corpus callosum ultrastructure. Neuropsychopharmacology 32:
2207–16.
Helander A. (2003) Biological markers in alcoholism. J Neural Transm
Suppl 66:15–32.
Hoyme HE, May PA, Kalberg WO et al. (2005) A practical clinical
approach to diagnosis of fetal alcohol spectrum disorders: clarification of the 1996 institute of medicine criteria. Pediatrics 115:
39–47.
Indraccolo U, Gentile G, Pomili G et al. (2005) Thiamine deficiency
and beriberi features in a patient with hyperemesis gravidarum.
Nutrition 21:967–8.
Jones KL, Smith DW, Ulleland CN et al. (1973) Pattern of malformation in offspring of chronic alcoholic mothers. Lancet 1:
1267–71.
Kaphalia BS, Cai P, Khan F et al. (2004) Fatty acid ethyl esters:
markers of alcohol abuse and alcoholism. Alcohol 34:151–8.
Lieber CS. (1997) Ethanol metabolism, cirrhosis and alcoholism. Clin
Chim Acta 257:59–84.
Lindenbaum J. (1987) Hematologic complication of alcohol abuse.
Semin Liver Dis 7:169–81.
Lof K, Seppa K, Itala L et al. (1994) Carbohydrate-deficient transferrin
as an alcohol marker among female heavy drinkers: a populationbased study. Alcohol Clin Exp Res 18:889–94.
Macchia T, Mancinelli R, Dell’Utri A et al. (1991) Quantificazione
dell’alcolemia per studi epidemiologici nella prevenzione degli incidenti stradali. Bollettino Medici Italiani dei Trasporti 2:5–19.
Macchia T, Mancinelli R, Gentili S et al. (1997) Mitochondrial
aspartate aminotransferase isoenzyme: a biochemical marker for
the clinical managements of alcoholics? Clin Chim Acta 263:79–
96.
Maher JJ. (1998) Alcoholic liver disease. In Feldman M, Scharschmidt
BF, Sleisenger MH (eds). Sleisenger and Fordtran’s Gastrointestinal and Liver Disease, 6th edn. Philadelphia, PA: Saunders.
Mancinelli R, Ceccanti M, Guiducci MS et al. (2003) Simultaneous liquid chromatographic assessment of thiamine, thiamine
monophosphate and thiamine diphosphate in human erythrocytes:
a study on alcoholics. J Chromatogr B 789:355–63.
Mancinelli R, Guiducci MS. (2004) La donna e l’alcol: vulnerabilità
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