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Changes in Serum Carbohydrate-Deficient Transferrin
and Gammaglutamyl Transferase After Moderate
Wine Consumption in Healthy Males

Edward Randell, Eleftherios P. Diamandis, and David M. Goldberg*
Department of Clinical Biochemistry, University of Toronto, Toronto, Ontario, Canada

Serum carbohydrate-deficient transfer-
rin (CDT) concentrations and gamma-
glutamyl transferase (GGT) activities were
measured in the fasting serum of healthy
male subjects before and after 4 weeks
consumption each day of 375 ml wine or
500 ml grape juice. After wine consump-
tion, serum CDT concentrations rose in 38
of 48 individual test procedures, and the
mean + SEM increased from 17.8 + 0.86
u/l to 20.9 + 1.14 u/l (t, = 4.66; P <0.001).
Serum GGT activity rose in 35 of these test
procedures, and the mean + SEM in-
creased from 19.6 + 1.40 u/l t0 22.3+ 1.79

sumption was followed by 2 weeks of ab-
stinence from alcohol, significant reduc-
tions in both CDT and GGT were noted,
virtually reaching baseline levels. No sig-
nificant change in either index occurred
after 4 weeks of consuming grape juice.
The correlation between CDT and GGT
was rather low, suggesting that their re-
sponses to alcohol occur by different
mechanisms. The results indicate that the
response of CDT to alcohol dose is con-
tinuous, and that even moderate con-
sumption can cause significant elevations
J. Clin. Lab. Anal.

in a healthy population.
u/l (to = 3.58; P <0.001). When wine con- 12:92-97,1998. © 1998 Wiley-Liss, Inc.
Key words:  gammaglutamyl transferase; transferrin (carbohydrate deficient); alcoholic

beverages; wine

INTRODUCTION concentrations in alcoholic abusers fell quite rapidly after ab-
stinence (21, 22), and rose once again following relapse (23,24).

An abnormal high-isoelectric-point component of serum ; ; ;
X : : ) . .. Beyond special reference centres, experience with CDT
transferrin, a glycoprotein synthesized in the liver, was flrsgSa s in screening for alcohol abuse has been rather disap-
identified in the serum of alcoholic patients by Stibler and 3 9 P

1 1 0
leagues (1). The protein was found to contain less sialic a@ﬁmtmg. Increased values of CDT were found in only 26%

. alcohol abusers in well-population screening (25), in 22%

galactose, and N-acetylglucosamine than normal transferr : .
g - of male students who were heavy drinkers (26), in 31% of
(2,3) and hence was designated carbohydrate-deficient trans- ; : .
. . ung male soldiers admitted to an alcohol-treatment unit (27),

ferrin (CDT). This abnormal component appears to be due 1o, . ) i

. . . .~ and in 44% of hypertensive patients whose alcohol consump-
the toxic effect of alcohol or its metabolites on the hepatic syh- ; S :
) . X on was excessive (28). A limitation of all the above studies
thesis of transferrin (4,5). It was first proposed as a marker for

chronic abusive alcohol consumption in 1979 (6). is that alcohol consumption was assessed retrospectively by

. o a uestionnaire. There have been relatively few studies in
Over the next 15 years, many investigations were repor eé1

concerning the utility of CDT as a marker of alcohol consumy, ich alcohol was administered to healthy subjects at a fixed

. e . . fose with the objective of determining its direct effect upon
tion among hospitalized alcoholics (7-13). Experience wi ) S

L T (29). The present investigation was undertaken to ad-
the test was broadly favourable. Sensitivities ~80% at a spegi- S . e
- . ress this issue and to compare CDT with the activity of se-
ficity of 90% were usually achieved. It was shown to be effec

tive in identifying alcohol abusers from three ethnic grou LM gammaglutamyl transferase (GGT), another marker that

(14). Among females, CDT was initially described as bein as been used to identify alcohol abuse in both hospitalized

. d free-living populations (see Ref. 30 for Review).
elevated in most alcohol abusers (15), but subsequent authors g pop ( )
have not been able to confirm this finding (13, 16—18). Normal
C'DT values were found in patients W'th non'a|C0h9|'C I'V_G'Z:orrespondence to: David M. Goldberg, MD, Department of Clinical Bio-
disease (19), but elevated concentrations occurred in patieréistry, University of Toronto, 100 College Street, Banting Institute,
with early alcoholic liver disease, and the levels declined Tpronto, Ontario, M5G 1L5 Canada.

proportion to the morphologic severity of the disease (20). C[R&ceived 10 March 1997; Accepted 11 July 1997
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MATERIALS AND METHODS centrifuged at 1,500xg for 10 min, the supernatant was de-
canted and the radioactivity present in the pellet was mea-
sured by §-counter. A calibration curve was generated using
Twenty-six healthy males, ages 25-50 years participatepplied CDTect" standards by a logit-log program and re-
in this study. They were accustomed to drinking moderagelts were recorded ai. The assay analytical precision was
amounts of alcohol in a range of 7-21 drinks (129 alcohalithin the manufacturer’s specifications of 7.4-9.1% and 4.6—
drink) per week. All gave informed consent to participate B16% for within and between assay CV respectively.
this study which was approved by the Human Experimenta-GGT activity was measured a’@sing an Unimate 3 GGT
tion Committee of the University of Toronto. Screening bplus kit (Lot #NO431; Hoffman-La Roche Limited, Mississauga,
extensive clinical and laboratory procedures was as pre®it.) automated on the COBAS MIRA™S. The within assay
ously described (31). Apart from the periods of wine coV% was <5% at 88 u/l GGT and <10% at 13 u/l GGT.
sumption, no alcohol was permitted, and all agreed to maintain
a constant diet that was monitored each week by a nutritioS#tistics
analysis. They also adhered to a constant exercise schedu
and refrained from any form of medication.

Subjects

[?ata for GGT and CDT before beverage consumption were
compared with the corresponding results in the same subject
after consumption (or the latter with the results after 2 weeks of
abstinence) using student’s paired t-test. Results are presented
After 2 weeks of abstinence, each volunteer consumed @asanearr SEM. Correlation and regression analyses between
of the following beverages each day for a period of 4 week®GT and CDT were also performed under conditions to be de-
500 ml grape juice; 375 ml white wine; 375 ml red wine. Theeribed (Table 1). All calculations were carried out with the SAS
alcohol content of both wines was 12% by volume. No oth8tatistical Software Package (SAS Inst., Cary, NC, USA).
form of alcohol was permitted during this period. Fasting
blood was collected on the day that beverage consumptRESULTS
began and again on the morning immediately after cessatilr:J
After clotting, the serum was separated by centrifugation an
aliquots were stored at T until analysis, when all of the Twenty subjects completed this protocol. The mean GGT
samples from a given subject were assayed in the same baictivity declined over this 4-week period of abstinence from
Twenty-four subjects completed the schedule for red wii8.1+ 0.84 u/l to 17. 4 0.95 ul, decreasing in 12 subjects,
and 24 for white wine consumption on separate occasioimgreasing in seven, and remaining unchanged in one. In all
Twenty completed the grape juice schedule. Sixteen subjestibjects, GGT activity was <38 u/l (the manufacturer’s upper
who completed 4 weeks consumption of wine abstained froeference interval for males at°8) at both testing periods.
all alcohol for the next 14 days after which a fasting blood The mean CDT concentration fell from 142.32 u/l to
sample was taken to evaluate the effects of alcohol withdrawl&d.8 + 0.93 u/l during the 4 weeks of grape juice consump-
Blood pressure, body weight and exercise remained constamt. The value declined in 13 subjects and rose in seven.
throughout the study periods and the estimated intake of Tiree manufacturer’s upper reference interval of 20 u/l was
various food groups varied by <10% during the 4-week peeixceeded in three subjects before (15%) and in one subject

Experimental Protocol

ﬁ'ect of Grape Juice

ods of beverage consumption. (5%) after grape juice consumption. Taking both GGT and
CDT together, in only two subjects (10%) were both in-
Assays creased, and in seven (35%) both were decreased. However,

none of the changes in both indices described above were

Serum CDT was analyzed in duplicate for each sample Yitistically significant

a double-antibody radioimmunoassay (CDTect™, Kabl
Pharmacia Diagnostics, Uppsala, Sweden). Separation of
transferrin isoforms by anion exchange following saturatiaA\BLE 1. Values for Correlation Coefficient (r), Regression
of the patient’s specimen with iron, and measurement of C[@%efficient (R), and Intercept of Regression Equation (C)
in the eluate by RIA were carried out as described in tRefining Statistical Relationship Between GGT and CDT as
manufacturer’s assay procedure. Briefly56f sample was Determined by Least-squares Fit of Data for Both Assays

. . A . Under Different Beverage Regimens
mixed with 200pl of ferric citrate solution and 1,0Qd of

elution buffer; 500ul of this mixture was applied in dupli- A B. Wine C. Wine D.
cate to equilibrated anion exchange columnspb0f the Grape juice  consumption _ withdrawal B plus C
eluate was taken together with j50of **1-labelled transfer- r -0.137 0.252 0.198 0.280

rin, 50l of rabbit antihuman transferrin, and 2 ml of solidR:1 —0.176+0.033  0.153-0.006 0.139- 0.068 0.142+ 0.075
phase secondary antibody immunoabsorbant suspension@nd_ 17-8£044 158010  14.9+148 162 1.77
incubated at room temperature for 60 min. The tubes wépeata include SE for R and C.
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Effect of Wine Consumption Interestingly, both GGT and CDT increased after wine con-

; : symption on 27 (56%) of occasions, CDT alone on 11 (22.9%)
Twenty-four subjects completed the protocols for red aga:casions, and GGT alone on 8 (16.7%).

white wine. This provided 48 sets of data allowing us to com-
pare GGT and CDT values before and after 4 weeks consu@eact of Wine Withdrawal

tion of wine. Analysis of the (_j_ata for_red wine and white wine For 16 of the subjects, data were available to compare the GGT
separately revealed no significant difference between the two - :
. . and CDT values on termination of the 4 weeks of wine consump-

beverage groups with respect to the baseline and post-bever- ~. . L
. fion with those assayed 2 weeks later, duringwhich time they ab-
age values. The results were therefore pooled for analysis.

The mean serum GGT activity increased from 191640 stained from all forms of alcohol. The mean serum GGT activity

_ ; . in these subjects fell from 17482.01 u/l to 14.5 1.09 u/l (§ =
u/lto 22.3¢ 1.79 wl (§ = 3.582 <0.001). In 35 instances the2.72;P <0.02). The value decreased in 11, increased in four, and

value was increased, in 11 decreased, and in two the activit ained unchanged in one subject (Fig. 2A). None of these val-

remained unchanged (Fig. 1A). The reference interval of ues exceeded the upper reference interval for this assay.

ul was exceeded by one subject (2.1%) prior to and in ﬁVe\Nith serum CDT concentration, the mean value decreased

0 ; . )
(10.4%) subsequent to the perlod_ of yvme consumption. from 18.6+ 1.24 u/l to 16.4 0.88 u/l (§ = 3.71:P <0.005),

For CDT, the mean concentration increased from i7'8fallin in 12, rising in two, and remaining unchanged in a
0.86 u/l 1020.9 + 1.14 u/l (} = 4.66; P <0.001). In 38 in- 9 » 151G 1N TWO, 9 ge

. . : furt}aer two subjects (Fig. 2B). The upper reference interval

stances, the value was increased and in 10 it was decrease o . . . )

. L ; was exceeded in five subjects (31%) prior to wine withdrawal
(Fig. 1B). The initial concentration exceeded the referengﬁd in only one subject (6%) after 2 weeks of abstinence
interval of 20 u/l in 12 instances (25%) and the postbeverage y ) 0 '

value was >20 u/l in 16 instances (33%).
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Fig. 2. Values for serum CDTA, left) and GGT(B, right) in fasting blood
Fig. 1. Values for serum CDT (Aeft) and GGT (Bright) in fasting blood of 16 subjects at the end of 4 weeks of wine consumption (initial value) and
of 24 subjects before and 4 weeks after two periods of wine consumption (2@&in after two weeks of abstinence (final value). Data as u/l for both analytes.
ml/day). Data as u/l for both analytes. Each line represents a single subjeath line represents a single subject.
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Relationship of GGT to CDT first occasion was followed by a decrease on the second, or
. . . vice versaWhereas the effect of moderate alcohol consump-

The linear regression equation and the value of the corte- : oo
. - : . tion upon the population as a whole could be readily discerned,
lation coefficient (r) relating GGT to CDT were derived for, : . o . . )
) ) - It was not possible to identify with certainty those subjects in

the following data sets: A, before and after grape juice con: : . i

whom the increase in CDT concentration was due to alcohol

sumption; B, before and after wine consumption; C, befored exceeded the limits of biological variation for that sub-

and after wine withdrawal, and D, pooled data of B and ol . S
jﬁﬂ?t. As an approach to overcoming this limitation, we calcu-
a
a

The results are presented in Table 1. ForA, there was a we Y h .
and nonsignificant negative correlation (r = —0.176), an d that the percentage change (increase or decrease) during
9 9 s ' Qrgpe juice consumption (mearSD) was 15.% 6.4%. An

nega_n_ve regression coefficient suggesting that_ under b |%crease >29% would therefore be due to chance on <2.5%
conditions GGT and CDT are not closely associated. For B, " L . . )
gccasions. By this criterion, an increase in plasma CDT likely

the correlation and regression coefficients were both POSI - due to alcohol occurred on 14 of the 48 occasions (29%)
tive (r = 0.189P <0.01), but the association was ratherwea%we did not find the manufacturer’s recommended upper.
?n accorda_nce with the notion that although they are bOtehference value of 20 u/l for CDT to be appropriate for our
e o e ot on = mPen. I e, sinc s excesce on 163 of e blood sl
. ' drawn before alcohol or before and after grape juice consump-
supported by the results of C, where once again a weak o

relation was observed (r = 0.1980.05). Finally, in D, the Ion. It is not clear whether this represents a population-de-

. : . endent difference, since each laboratory is encouraged by
correlation and regressioncoefficients were somewhat mgre

robust (r = 0.24CP <0.005) but not particularly impressive,he manufacturers to es_tablish their own reference_ vaIL_Jes.
confirming the idea of a rather indirect relationship betweéb‘r|1temately’ an anomaly " the standard used for cqhbranon
GGT and CDT. could account for our fmdmgs_. It should be emph_aS|zed that
all samples from a given subject were analyzed in the same
batch; the paired t-test in which the subject’s own baseline
sample is used for statistical evaluation would obviate any
In their perceptive review, Allen and colleagues (32) higystematic bias introduced by the calibration process. As an
lighted some of the issues that remained to be resolved &leernative approach, we calculated a mean (SD) of £6.4
fore CDT could be accepted as a routine procedure to diagr@€eu/l when all of the CDT values other than those taken
alcohol abuse. They emphasized the unreliability of retrospatter 4 weeks of alcohol consumption were pooled. Using an
tive self-reporting of alcohol intake; the lack of informatiompper reference limit of 24 u/l (mean2 SD), 12% of the
about the interval of time between the last drinking episodestalcohol values were “abnormal.”
and venepuncture; the comparison of extreme groups onlyrevious authors have examined the effects of defined al-
(abstinent and abusive), with inadequate knowledge of howhol intake upon small groups of healthy subjects with vari-
serum CDT levels respond across the full range of drinkiagle findings. Stibler and colleagues (6) reported elevatedCDT
behaviors; paucity of controlled prospective studies in whiginthree of eight subjects 11 days after consuming 0.6 g alco-
the effects of a defined level of alcohol consumption couital/kg body weight, but subsequently failed to find a signifi-
be ascertained; and the need to establish more preciselyctirg increase in CDT in subjects consuming 0.3-0.99g of
period of abstinence necessary for CDT levels to decline.ethanol/kg body weight for 10 days (3). Increased CDT lev-
Our data indicate that plasma CDT concentrations rise sids were noted in three healthy subjects consuming alcohol
nificantly in a population of normal males consuming a mottom 20-80g/day over 3 weeks (33). More recently, a signifi-
erate fixed amount of alcohol over a 4-week period. Simileant increase in CDT was observed in 10 healthy males 3
changes were noted for another biochemical index of aleeeeks after consuming 60g alcohol per day, although the up-
hol abuse, serum GGT activity, although the correlation bger reference value was exceeded in only two (29).
tween the two indices was not strong and was consistent withn our investigation, subjects consumed 35 g alcohol per
the elevations being the result of different biochemicdhy, averaging 0.48 g/kg (range 0.42—0.61). This range was
mechanisms. No significant change was observed duringreavoidable given our desire to keep the protocol simple
4-week period of abstinence accompanied by consumptiorensure compliance; the instruction to consume one half
of grape juice. bottle of wine per day is easily understood. Although this
The response to alcohol on an individual basis was quitecision must inevitably have contributed to the variance
variable, with increases in CDT occurring in 79% and of GG3f our data, there was no evidence for a significant inverse
in 73% of instances. Most subjects underwent two periodsefationship between CDT response to wine and body
exposure to alcohol, once with red wine and once with whiteeight in our subjects. Our results comprise the largest body
wine. For both CDT and GGT, the percentage of subjectsdata on normal subjects consuming moderate amounts
manifesting the same response (increase or decrease) ondiodihcohol. They clearly demonstrate a significant increase
occasions approximated 65%, and in 35% an increase onithplasma CDT concentrations under these circumstances

DISCUSSION
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and strongly support the notion that the response of CDT alcohol abuse. Definition of a Tf indeRrug Alcohol Depend9:181—

to alcohol dose is continuous. There is unlikely to be a 191 1987- _ _ »
threshold below which the effects of alcohol are not Ob?' Kapur A, Wild G, Milford-Ward A, Triger DR. Carbohydrate deficient
transferrin: A marker for alcohol abudgr. Med J299:427-431, 1989.

served. This implies that any decision level used to S€gi{g- kwoh-Gain I, Fletcher LM, Price J, Powell LW, Halliday JW.
gate alcohol abusers from social drinkers needs to be baseesialylated transferrin and mitochondrial aspartate aminotransferase
upon a population that includes those whose Consumptioncompared as laboratory markers of excessive alcohol consungition.

is just below the proposed cut-off level. Chem36:841-845, 1990.
Th ducti in CDT din GGT) 2 ks aft | 11. Bell H, Tallaksen CME, Try K, Haug E. Carbohydrate-deficient trans-
é reduction In (an in ) weeks arter alco- ferrin and other markers of high alcohol consumption: A study of 502

hol consumption ceased to levels that were not significantly patients admitted consecutively to a medical departréoohol Clin
different from baseline values suggests a more rapid clear-Exp Resl8:1103-1108, 1994.

ance than has been observed by previous investigators egeé(ersin B, Nicolet JF, Decrey H, Burnier M, van Melle G, Pécaud A.
Ref. 32 for review). However, these data were generally Screening for excessive alcohol drinkigch Intern Med155:1907—

. . . . . 1911, 1995.
obtained in alcohol abusers (W'th or without assomatqg_ Grgnbeaek M, Henriksen JH, Becker U. Carbohydrate-deficient transfer-

hepatic damage). It is conceivable that in such persons thein_a valid marker of alcoholism in population studies? Results from
mechanisms responsible for CDT clearance are impairedthe Copenhagen City Heart Studycohol Clin Exp Re49:457-461,

and indeed such impairment may contribute to their elevated 1995 _
plasma CDT levels. 14. Behrens UJ, Worner TM, Braly LF, Schaffner F, Lieber CS. Carbohy-

. I . . drate-deficient transferrin, a marker for chronic alcohol consumption in
~ Finally, the availability of simpler assays for CDT and their e nt ethnic populationsilcohol Clin Exp Reg2:427-432, 1988,
inter-laboratory commutability deserve mention. Recently;8. stibler H, Dahigren L, Borg S. Carbohydrate-deficient transferrin (CDT)
nephelometric method (34) and a dry blood spot method (35)in serum in women with early alcohol addicticicohol 5:393-398,

have been described. These new techniques should enlarg&®ss. _ _
the scale of application of CDT assays in the evaluation]@f La Grange L, Anton RF, Crow H, Garcia S. A correlational study of

alcohol consumbption. Since most of the previous reports de carbohydrate-deficient transferrin values and alcohol consumption
sumption. Sl S previous reports “among Hispanic college studenticohol Clin Exp Re48:653-656,

scribing comparisons between different methods for CDT de- 1994,
termination have noted good agreement (36, 37), it is likaly. Loéf K, Seppa K, Itala L, Koivula T, Turpeinen U, Sillanaukee P. Carbo-
that the present findings will prove to be reproducible by these hy_drate-deficient tr_ansferrin as an alcohol marker among female heavy
newer simpler procedures. igglzers: A population-based studyticohol Clin Exp Re48:889-894,
18. La Grange L, Anton RF, Garcia S, Herrbold C. Carbohydrate-deficient

transferrin levels in a female populatigéicohol Clin Exp Re$9:100—

103, 1995.
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tion, and to Mrs. Pat Machado for her skillful preparation ap- Niemelé_ O, Sorvajarvi K, Blake JE, Israel Y. (_:arbohydrate-deficient
the manuscript transfgrrln as a _marke_r of a_lcohol abuse_: Relatlon_shlp to c-_llcohol con-

’ sumption, severity of liver disease, and fibrogenddiohol Clin Exp

Res19:1203-1208, 1995.
Behrens UJ, Worner TM, Lieber CS. Changes in carbohydrate-deficient
transferrin levels after alcohol withdrawalcohol Clin Exp Res2:539—
544, 1988.
Carlsson AV, Hiltunen AJ, Beck O, Stibler J, Borg S. Detection of re-
lapses in alcohol-dependent patients: Comparison of carbohydrate-de-
ficient transferrin in serum, 5-hydroxytryptophol in urine, and
self-reportsAlcohol Clin Exp Re47:703-708, 1993.
RosmarAS, Basu, P, Galvin K, Lieber CS. Utility of carbohydrate-
deficient transferrin as a marker of relapse in alcoholic patisictshol
Clin Exp Red9:611-616, 1995.
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relapses in alcohol-dependent patients using carbohydrate-deficient
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