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GERR, F. AND R. LETZ. Covariates of human peripheral nerve function: II1. Effects of reported drinking. NEURO-
TOXICOL TERATOL 16(1) 113-122, 1994.— A cross-sectional epidemiologic study of the relationship between alcohol
consumption and peripheral nerve function was performed using data from a cohort of 4462 male Vietnam-era Army veterans
selected independently of either alcohol consumption history or clinical disorders associated with excessive alcohol use.
Self-reported alcohol consumption, expressed as current drinking intensity (drinks per month), was the primary measure of
alcohol use. The dependent variables were: (a) conduction velocity and amplitude of the median motor, median sensory,
ulnar sensory, peroneal motor, and sural sensory nerves; (b) vibrotactile and thermal thresholds of the index finger and great
toe. Drinkers who reported consuming <180 drinks per month had, in general, slightly faster mean nerve conduction
velocities, slightly greater evoked response amplitudes, and slightly lower vibrotactile thresholds than did both never drinkers
and drinkers reporting consuming more than 179 drinks per month. The heaviest drinking category (> 179 drinks/month)
had slightly slower mean conduction velocities and slightly smaller mean amplitudes than all other drinking categories. No
consistent associations were observed between thermal thresholds and alcohol consumption. These results suggest that con-
suming up to 6 drinks per day alone does not cause slowed nerve conduction velocity, diminished amplitude of the evoked

response, or elevated sensory thresholds in 35- to 45-year-old men.
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ALCOHOL consumption has long been associated with ad-
verse effects on both central and peripheral elements of the
nervous system. The peripheral neurologic consequences of
alcoholism have been appreciated for over 100 years (38). The
most commonly described pathologic consequences associated
with alcoholic neuropathy are axonal degeneration of myelin-
ated and unmyelinated fibers (3,39).

Because they are objective, physiologic, quantitative, and
sensitive for detection of many conditions affecting the pe-
ripheral nerves, nerve conduction measures are considered the
“gold-standard” for noninvasive clinical assessment of periph-
eral nerve function (19). Many studies have been published in
which the effects of alcohol consumption on clinical electro-
physiologic measures were estimated (2,4,6,11,17,20,24,25,26,
32,36,41). However, virtually all have been performed on sub-
jects selected because of a diagnosis of alcoholism or follow-
ing hospital admission for alcohol-related health problems.

One study is available in which the drinking habits of patients
with polyneuropathy were ascertained (18). Unfortunately, no
comparison group was included to allow a true case-control
analysis to be performed. We are aware of no cross-sectional
nerve conduction studies of individuals selected independently
of alcohol consumption history or clinical disorders associated
with alcohol consumption. In particular, there seems to be no
reports of the exposure-response relationship between alcohol
consumption and objective measures of peripheral neurologic
function.

Quantitative sensory testing has been employed by investi-
gators needing rapid, quantitative, and nonaversive methods
for assessing sensory function. Vibrotactile and thermal sen-
sory threshold estimation are the most commonly performed
quantitative sensory tests and have been used in a variety of
studies of disease states, drugs, and intoxicants affecting pe-
ripheral nervous system function (5,14,22,34,37). Only one
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cross-sectional study has been published in which the effect of
alcohol on vibrotactile thresholds was estimated (27).

The Vietnam Experience Study was a large cross-sectional
epidemiologic study of a randomly selected group of veterans
undertaken by the United States Centers for Disease Control
(CDC) “to look for adverse health effects among men who
had served in Vietnam” (ref. 7, p. 1). Two groups were defined
in the study: (a) men who had served in Vietnam; (b) men
who had served concurrently at duty stations other than Viet-
nam. An extensive telephone interview was conducted on
more than 16,000 subjects, of whom over 4,000 participated
in medical examinations. The medical examinations included
measurement of multiple clinical outcomes, including nerve
conduction velocity and amplitude as well as vibrotactile and
thermal thresholds. The data from this study are available for
public use.

In this article, we describe analyses of the relationship be-
tween measures of alcohol consumption and measures of (a)
nerve conduction velocity and amplitude and (b) vibrotactile
and thermal sensory thresholds observed among subjects who
underwent medical examination as part of the Vietnam Expe-
rience Study. In addition, the relationship between reported
alcohol consumption and serum gamma glutamyl transpepti-
dase (GGT), a sensitive biochemical indicator of alcohol con-
sumption (1,28,40), is presented as a positive control to dem-
onstrate validity of the self-reported measures of alcohol
consumption.

METHOD

Subject eligibility criteria, subject selection and medical
examination protocol used by the CDC are summarized in the
initial companion paper in this series (21) and are presented in
detail in CDC documentation (7). Only methods unique to
this study are described below.

In brief, the cohort studied consisted of 4,462 male Viet-
nam-era veterans who underwent medical examinations at
Lovelace Medical Center between June 3, 1985 and September
30, 1986. A large number of health outcome variables were
obtained during the examinations, including a brief neurologic
physical examination, peripheral nerve conduction measure-
ments, and sensory threshold outcomes. Fasting blood sam-
ples were drawn on the morning of the second day. Breath
alcohol levels were taken at the beginning of the second and
third examination days.

Nerve Conduction Examination Procedures

Nerve conduction velocity (NCV) and amplitude for all
nerves tested were measured using standard techniques (18)
with a TECA TD10-MK2 electromyograph (TECA Corp.,
Pleasantville, NY) and surface electrodes. Specifically, me-
dian motor, median sensory, ulnar sensory, peroneal motor,
and sural sensory NCVs and amplitudes were obtained from
the dominant limb of each subject. All sensory conduction
velocities were obtained using antidromic stimulation. Addi-
tional details of the electrophysiological testing protocol are
provided the companion paper in this series (21) and in CDC
documentation (8,10).

Skin temperature was recorded at the time of the electro-
physiologic testing. Limbs with skin temperatures below 31°C
were warmed with a water blanket. Forearm temperature was
used as a covariate of median motor outcomes, palm tempera-
ture for median and ulnar sensory outcomes and mid-calf
temperature for peroneal motor and sural sensory outcomes.
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Sensory Threshold Procedures

Vibrotactile threshold examination procedure. The vibro-
tactile threshold examination procedure is described in detail
the companion paper in this series (13) and in CDC documen-
tation (10). A brief description follows. An electromechanical
vibrometer (Vibratron, Chemo Tech, Inc., New Rochelle, NY)
consisting of a controller unit and two identical transducers
was used to measure vibrotactile thresholds. Attached to each
transducer were hardened rubber posts which protruded
through a Plexiglas plate so they could be contacted by either
the toe or finger. The device produced vibration at 120 Hz.
Voltage applied to the transducer units was read from an ana-
log meter on the face of the controller unit. The voltage ap-
plied to the transducers was regulated by turning a knob on
the controller unit. A two-alternative forced choice testing
procedure was used to measure vibrotactile thresholds. The
amplitude of the vibration (in microns) was proportional to
the square of voltage applied. Because logarithmic transfor-
mation linearized the relationship between age and vibrotactile
threshold and stabilized the variance, the common logarithm
of the square of the voltage applied was used as the dependent
variable in the statistical analyses. Higher thresholds indicate
poorer sensory acuity.

Thermal threshold examination procedure. The thermal
threshold examination procedure is also described in a com-
panion paper (13) and CDC documentation (10). A brief de-
scription follows. A thermal testing device (Pfizer Thermal
Tester, Sensortek, Clifton, NJ; now marketed as the NTE2
Thermal Tester, Physitemp, Clifton, NJ) consisting of two
identical “thermal plates” or “stages” and a controller unit was
used to measure thermal thresholds. The thermal plates were
4.6 X 4.6 cm and were temperature controllable to 0.1°C by
manipulating the controller unit. Temperature control of the
stages was achieved using a Peltier device and water perfusion.
The temperature of each stage and the temperature difference
between the stages are displayed digitally on the device. A
two-alternative forced choice testing procedure requiring the
subject to identify which of the two stages was cooler was
used to determine thermal thresholds. During each trial one
stage was always set at 25°C. The threshold was expressed in
degrees centigrade. Because distributions for these thresholds
displayed heteroskedasticity, the common logarithm of the
calculated threshold was used in the statistical analyses.
Higher thresholds indicate poorer sensory acuity.

Index finger and great toe skin temperatures were recorded
with a digital thermometer at the time of sensory testing.

Measurement of Serum Liver Enzymes

As one of many blood tests, serum GGT concentrations
were measured. GGT analyses were performed with a Kodak
Ektachem 700 autoanalyzer. Concentrations of this liver en-
zyme are reported in IU/L. An elaborate quality control
scheme was used to assure accurate and precise results (9).
Briefly, “bench” and “blind” controls were used to monitor
the precision of measurement over time as well as to monitor
the repeatability of the measurement within the same analyti-
cal run. In addition, a statistical quality control program was
used to monitor the quality of laboratory data obtained over
the study period. Two full-time quality control supervisors
and a board-certified clinical pathologist reviewed the quality
control data daily.

Estimation of Alcohol Consumption

Standard questionnaires were administered to all subjects
during the telephone interviews as well as during the medical
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examinations to obtain information about a wide variety of
health-related issues, including current and past alcohol con-
sumption. During the telephone interview several questions
about alcohol consumption were asked, including the dates
and ages for beginning and ending of alcohol consumption,
the average number of drinking days per month, and the aver-
age number of drinks consumed per drinking day. In addition,
subjects were asked if there was a period of time of greater
than 6 months duration during which they drank substantially
heavier than at other times. Similar duration, frequency, and
intensity information was obtained for this period of time as
well. From this information an estimate of each subject’s life-
time dose of alcohol was calculated. Two other alcohol con-
sumption summary measures were derived from questions
about current drinking practices asked during the medical ex-
aminations: average drinking intensity, expressed as the cur-
rent average number of drinks per month and calculated from
the average number of drinking days per month times the
average number of drinks per drinking day, and recent heavy
drinking, expressed as the number of occasions of drinking 5
or more drinks in 1 day during the past month. Because the
distributions of these three alcohol summary variables (life-
time dose, current average drinking intensity, and recent
heavy drinking) were highly skewed to the right and the shape
of the dose response curves were not known, all three drinking
variables were stratified into 5-7 easily interpretable ranges
that left no fewer than 150 subjects in any group. Those sub-
jects who reported during the telephone interview that they
had never drunk as much a one alcoholic drink per month for
a year and who also reported consuming no drinks per month
at the time of the medical examination were considered
“Never” drinkers.

Data Analysis

Exclusions. Of the 4,462 potential subjects, 328 (7.4%)
were excluded from the present analyses. (Slightly fewer sub-
jects were excluded in this paper than in the companion papers
(13,21) because we did not want to exclude subjects who might
have alcohol-related neurological impairment.) Only subjects
with relatively rare conditions that might affect the nerve con-
duction and quantitative sensory outcomes or alcohol expo-
sure measures were excluded in the present analyses. Other
conditions potentially affecting the outcome measures that
were more frequent were included as covariates in the statisti-
cal analyses. The numbers of subjects meeting each of the
exclusion criteria are listed in Table 1. The exclusion criteria
met most frequently were missing alcohol consumption or in-
come information, history of diabetes mellitus, fasting blood
glucose level greater than 140 mg/dL, elevated thyroid stimu-
lating hormone level, unsatisfactory responses during the in-
terview, or use of medications identified by the CDC as known
to be associated with peripheral neuropathy (8). These medica-
tions were chloramphenicol, cisplatin, clioquinol, dapsone,
diphenylhydantoin, disulfiram, ethionamide, glutethimide,
gold, hydralazine, isoniazid, metronidazole, nitrofurantoin,
perhexiline maleate, pyridoxine, sodium cyanate, thalido-
mide, and vincristine. Subjects were not excluded if they re-
ported a history of cirrhosis, other alcoholic liver problems,
or peripheral neuropathy, as it was thought that excluding
such subjects might bias the analyses relating alcohol con-
sumption to nerve conduction outcomes.

Data voiding. Inspection of initial descriptive statistics re-
vealed several impossible values for some parameters. There-
fore, a set of quality assurance void criteria were imple-
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TABLE 1
EXCLUSION OF SUBJECTS FOR THE
NERVE CONDUCTION ANALYSES
Exclusion Criterion Number*
Age >46 1
Cancer (except skin) 29
Medications 36
Unsatisfactory interview 40
Alcohol or income information missing 114
Breath alcohol >0.1% BAC 1
Blood urea nitrogen >40 mg/dL 1
Thyroid stimulating hormone >8 mIU/L 47
Fasting blood glucose <40 mg/dL 1
History of diabetes mellitus 51
Fasting blood glucose > 140 mg/dL 48
Total # of subjects undergoing examination 4462

Total # of subjects excluded
Total # of subjects NOT excluded

328* (7.4%)
4134 (92.6%)

*Some subjects met more than one exclusion criterion.

mented. An individual nerve conduction data point was
voided if it exceeded any of the following void criteria: (a)
median motor amplitude < 400 mV; (b) median sensory am-
plitude < 0.5 mV; (c) ulnar sensory amplitude < 0.5 mV;
(d) peroneal motor amplitude < 400 mV; (e) sural sensory
amplitude < 0.5 mV; (f) median motor proximal latency <
distal latency; (g) median sensory proximal latency < distal
latency; (h) median sensory proximal distance < distal dis-
tance; (i) peroneal motor proximal latency < distal latency;
(j) median motor NCV > 85 m/s; (k) median sensory NCV
> 75 m/s; (1) ulnar sensory NCV > 75 m/s; (m) peroneal
motor NCV > 85 m/s; (n) sural sensory NCV > 75 m/s; (0)
finger or toe vibrotactile threshold > 50 volts; (p) finger or
toe thermal threshold > 20°C. These void criteria were
drawn in part from those used by CDC in their analyses of
these data to determine the effects of the Vietnam experience
(8). If a latency or distance was voided, the corresponding
NCV was also voided. In addition, on occasion one or two
wild outlier data points identified by visual inspection of plots
were voided (e.g., two BMIs > 60.0).

Statistical methods. Means and SDs were calculated for
each exposure stratum of the three alcohol consumption vari-
ables (i.e., lifetime dose, current average drinking intensity,
and recent heavy drinking), selected demographic characteris-
tics, serum GGT, 10 nerve conduction outcomes, and 4 quan-
titative sensory outcomes. Boxplots of these data stratified by
each of the alcohol exposure variables were inspected visually.

General linear models (31) were fitted separately for each
of the 10 nerve conduction and 4 quantitative sensory out-
comes including only one of the three exposure strata variables
at a time. In the 42 analyses, the variables included as poten-
tial predictors in addition to an alcohol exposure stratum vari-
able were age, height, BMI (weight in kg divided by height
in m squared), skin temperature near the appropriate nerve
segment, an indicator variable for race (nonblack/black), an
indicator variable for place of service (non-Vietnam/Viet-
nam), a categorical variable for the eight examiners adminis-
tering the nerve conduction tests, and an index for household
income. Household income categories were: 1 = <$10,000;
2 = $10,000 to $19,999; 3 = $20,000 to $29,999; 4 =
$30,000 to $39,999; 5 = > = $39,999.
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A large number of parameters were estimated in these anal-
yses and many of them could achieve conventional levels of
statistical significance due to chance alone. In addition, con-
siderable precision in the estimates due to the large sample
size could lead to statistically significant parameters that have
little biological significance. The pattern of results and consis-
tency across outcomes was considered more important for
interpreting findings than the probabilities associated with
sampling variability. Therefore, for the descriptive statistics
presented, no probabilities associated with rejecting a null hy-
pothesis are provided. Indications of those parameter esti-
mates from the multivariable analyses having associated prob-
abilities less than conventional levels of statistical significance
are included but only in the tabular presentation. In this con-
text, no adjustment for multiple comparisons was attempted.

RESULTS

Description of Sample Demographics

To investigate the potential for confounding in the statisti-
cal analyses, the distributions of the other covariates as a
function of drinking intensity group were examined. Descrip-
tive statistics for several demographic and anthropometric
variables are given in Table 2 for the drinking intensity
groups. Age and height did not vary among the drinking inten-
sity groups. Compared to the other drinking intensity groups,
the highest two drinking intensity groups weighed slightly less,
were slightly less educated, had slightly lower household in-
come, were more likely to be black, and were slightly more
likely to have served in Vietnam. Smoking status was clearly
related to drinking intensity. These differences across drinking
intensity groups suggested the need for multivariable analyses,
but the magnitude of the associations with drinking intensity
category indicated little need for concern about poor precision
in parameter estimation in such analyses.
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FIG. 1. Mean (+ | SD) nerve conduction velocity for each of the five
nerves studied, stratified by drinking intensity category (N =
Never-drinker, 0 = current nondrinker, 1 = 1-29 drinks/month,
2 = 30-89 drinks/month, 3 = 90-179 drinks per month, and 4 =
> 179 drinks/month).

The potential for bias in the statistical analysis due to miss-
ing data being differentially distributed across drinking inten-
sity groups was also investigated. The number of subjects in
whom evoked responses could not be obtained was negligible
for all nerves except the sural. The proportion of subjects for
whom sural nerve responses were not obtained is shown for
each drinking intensity group in Table 2. Overall, sural nerve
responses were not obtained in 3% of the subjects. The pro-
portion of absent responses was similar for all the drinking
intensity groups, except that the proportion for the 1-29
drinks per month group was slightly lower. Such small differ-

TABLE 2
DEMOGRAPHIC CHARACTERISTICS OF THE SAMPLE STRATIFIED BY DRINKING INTENSITY CATEGORY

Drinking Category (Average Drinks/Month)

Never 0 1-29 30-89 90-179 >179 Overall
N 409 599 1553 1071 349 153 4134
Age (year) (mean) 38.6 38.3 38.5 38.2 38.0 37.6 38.3
(SD) 2.4 2.6 2.5 2.5 2.4 2.7 2.5
Height (cm) (mean) 176.6 176.5 176.2 176.2 176.3 176.6 176.3
(SD) 6.5 7.4 6.7 6.6 6.5 6.3 6.7
Weight (kg) (mean) 85.0 84.9 83.7 83.1 82.0 81.4 83.6
(SD) 15.1 17.0 15.5 14.4 14.4 14.6 15.3
BMI (kg/m?) (mean) 27.2 27.2 26.9 26.6 26.3 26.1 26.8
(SD) 4.4 4.9 4.5 4.0 4.2 4.3 4.4
Race (% black) 11.7 9.0 9.4 12.6 14.3 20.9 11.3
Education (year) (mean) 13.2 12,9 13.6 13.4 12.7 12.5 13.3
(SD) 2.3 23 23 2.2 2.0 2.1 2.3
Income category (mean) 42 40 4.6 4.5 4.1 3.7 4.4
(SD) 1.4 1.4 1.5 1.5 1.5 1.7 1.5
Place of service
(% Ever Vietnam) 55.5 57.1 53.1 54.7 59.9 64.0 55.3
Smoking status
(% currently smoking) 24.2 43.7 39.0 51.5 66.5 69.3 449
Absent sural nerve
evoked response (%) 4.5 3.4 2.3 3.7 3.9 4.5 3.0
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FIG. 2. Mean (+1 SD) nerve conduction amplitude for each of the
five nerves studied, stratified by drinking intensity category (desig-
nated as in Fig. 1).

ences across drinking intensity groups were considered un-
likely to result in substantially biased estimates in the multi-
variable analyses.

Description of Nerve Conduction and Threshold Outcomes

Bar charts of the mean conduction velocities for the five
nerves studied stratified by drinking intensity group are pre-
sented in Fig. 1. As expected, motor and sensory conduction
velocities were slower in the lower extremity than in the upper
extremity. Similarly, bar charts for motor and sensory nerve
conduction amplitudes (Fig. 2) reveal that the amplitudes were
smaller in the lower extremity than in the upper extremity.
Bar charts of the mean vibrotactile and thermal thresholds for
the two sites tested stratified by drinking intensity are pre-
sented in Fig. 3. Vibrotactile thresholds were lower in the
finger than in the toe. Thermal thresholds were similar be-
tween finger and toe.

The mean nerve conduction velocities of drinkers consum-
ing 1-29, 30-89, and 90-179 drinks per month were, in gen-

Thermal
Pinger Toe

Vibrotactile
FPinger Toe

10

vibrotactile Threshold (volts)

-
w
Temperature Threshold (degrees C)

N01234 NO1234 N01234 NO1234

Drinking Intensity Category
FIG. 3. Mean (+1 SD) vibrotactile and thermal thresholds for fin-

gers and toes, stratified by drinking intensity category (designated as
in Fig. 1).
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eral, slightly faster than those of either the Never-drinker
group or the group drinking > 179 drinks per month. For all
nerves studied the slowest mean conduction velocities were
observed in the heaviest drinking category. The difference in
mean conduction velocity between the heaviest drinking cate-
gory and all other categories was small, however. Specifically,
the difference in mean nerve conduction velocity between the
heaviest drinking category and any other category was about
two meters per second or less for all nerves studied. The differ-
ence in mean conduction velocity between the heaviest drink-
ing category and Never-drinkers was less than 1.3 meters per
second for all nerves studied.

For most measures of amplitude a similar pattern of
slightly greater mean amplitude was observed for the catego-
ries of 1-29, 30-89, and 90-179 drinks per month when com-
pared to either the Never-drinkers or to the heaviest drinking
category. For all nerves studied except the peroneal motor
nerve, the smallest amplitudes were observed in the heaviest
drinking category. As was the case for nerve conduction veloc-
ities, the difference in mean amplitude between the heaviest
drinking category and any other category was small. Specifi-
cally, the difference in mean sensory amplitude between the
heaviest drinking category and any other category was about
2.5 mV or less for all three sensory nerves studied. The differ-
ence in mean sensory amplitude between the heaviest drinking
category and Never-drinkers was 0.8 mV for all three sensory
nerves studied. The difference in mean motor amplitude be-
tween the heaviest drinking category and any other category
was 0.4 mV or less for the two motor nerves studied. The
difference in mean motor amplitude between the heaviest
drinking category and Never-drinkers was 0.3 mV or less for
the two motor nerves studied.

The mean vibrotactile thresholds of virtually all drinking
categories, including those currently consuming no alcohol,
were slightly lower (i.e., better sensory function) than the Nev-
er-drinker category. For both finger and toe vibrotactile
thresholds, the best sensory function was observed in the 1-29
and 30-89 drinks per month categories. No clear association
was observed between alcohol consumption category and ei-
ther finger or toe thermal thresholds.

To illustrate the relative magnitude of these effects better,
boxplots are presented in Fig. 4 of the nerve conduction out-
come showing the strongest relationship to alcohol consump-
tion (i.e., ulnar sensory NCV). For comparison purposes, a
corresponding set of boxplots of GGT data are also presented
in Fig. 4. For comparison purposes, a dotted line is used to
extend the median of the Never-drinkers distribution through
the boxes for the other drinking exposure categories. The
small magnitude of the differences in ulnar sensory NCV be-
tween drinking exposure intensity groups relative to the total
variance in ulnar sensory NCVs is evident. On the other hand,
a large, monotonic increase in GGT levels with increasing
alcohol drinking intensity level can been seen in Fig. 4. The
effect of alcohol consumption on GGT is seen for the group
consuming 30-89 drinks per month and all higher consump-
tion categories. The highest drinking intensity group had a
mean GGT of more than three times that of the Never-drinker
category.

Results of the General Linear Models

Because several variables that might affect the outcomes
of interest were not equally distributed across the alcohol con-
sumption categories, general linear models were fitted to as-
sess the potential for confounding by them in these crude
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FIG. 4. Boxplots (5th, 25th, 50th, 75th, and 95th percentiles) of the distributions of ulnar nerve conduction
velocity (A) and GGT (B) as a function of drinking intensity category (designated as in Fig. 1). The lower and
upper sides of each box represent the 25th and 75th percentiles, respectively, of the distributions of these
outcomes for the drinking intensity category, and the horizontal line inside each box represents the median.
The line below each box extends to the Sth percentile and the line above the box extends to the 95th percentile.

analyses. Most nerve conduction outcomes differed signifi-
cantly as a function of age, nerve conduction examiner, BMI,
height, skin temperature, race, smoking status, and household
income. Place of military service was not related to any of
these nerve conduction outcomes. These relationships are ex-
plored in greater detail in a companion paper (21).

Vibrotactile thresholds differed significantly as a function
of height, BMI, age, race, income, and examiner. Thermal
thresholds differed significantly as a function of skin tempera-
ture, height, BMI, race, income, and examiner. These rela-
tionships are explored in greater detail in a companion paper
(13).

To assess the magnitude of potential confounding by the
covariates identified above, comparison was made between
the differences observed in the neurologic outcomes between
the Never-drinker group and all other alcohol consumption
groups for both the crude and adjusted results. A summary
of this comparison is shown in Table 3 for nerve conduction
outcomes and in Table 4 for quantitative sensory outcomes.
The “crude” results represent the difference between the raw
means for each alcohol exposure group and the Never-drinker
group, and the “adjusted” results represent the parameter esti-
mates from the general linear models fitted to the raw data.
Changes in the magnitude of the estimated effect of heavy
alcohol consumption on nerve conduction outcomes were
small and inconsistent after adjustment for potential con-
founders. In the general linear model analyses the only statisti-
cally significant differences between the Never-drinker group
and the other drinking groups were better function on several
outcomes among the 1-29 and 30-89 drinks per month groups
and slower peroneal NCV in the >179 drinks per month
group. '

Changes in the magnitude of the estimated effect of heavy
alcohol consumption on vibrotactile thresholds were also
small after adjustment for potential confounders. In the gen-

eral linear model analysis of finger vibrotactile threshold, sig-
nificantly better thresholds were observed among the 0, 1-29,
and 30-89 drinks per month categories when compared to
the Never-drinker category. Differences between the heaviest
drinking category and the Never-drinkers were not significant.
In the general linear model analysis of toe vibrotactile thresh-
old, significantly better thresholds were observed among the
1-29 and 30-89 drinks per month categories when compared
to the Never-drinker category. Differences between the heavi-
est drinking category and the Never-drinkers were not signifi-
cant.

After adjustment for potential confounders, significantly
lower (better) finger thermal thresholds were observed in the
> 179 drinks per month group when compared to the Never-
drinker group. No significant differences between the Never-
drinker category and any other drinking category was ob-
served for toe thermal threshold after adjustment for potential
confounders. No systematic effect of alcohol consumption
category on either finger or toe thermal threshold was ob-
served.

Similar analyses were conducted using the other two alco-
hol consumption variables, lifetime alcohol dose, and recent
heavy drinking. The results obtained in these analyses were
essentially identical to those shown using drinking intensity to
categorize alcohol consumption. Specifically, the magnitude
and pattern of the effect of alcohol consumption on the 14
neurologic outcomes reported in this paper were essentially
no different from those shown. For this reason, only results
with drinking intensity are presented.

DISCUSSION

In this cross-sectional study of Vietnam-era veterans, only
small effects of alcohol consumption were observed for mea-
sures of (a) nerve conduction velocity and amplitude and (b)
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TABLE 3
EFFECT OF ALCOHOL ON NERVE CONDUCTION OUTCOMES—DIFFERENCES RELATIVE TO NEVER-DRINKERS

Drinking Category (Drinks/Month)

Never-Drinker

Outcome Analysis 0 1-29 30-89 90-179 >179 Mean (SD)

Median motor NCV (m/s) Crude 0.21 0.69 0.55 0.36 -0.46 57.00 (3.66)
Adjusted 0.20 0.58* 0.53* 0.47 -0.29

Median sensory NCV (m/s) Crude 0.45 1.04 0.96 0.25 -0.26 53.14 (6.15)
Adjusted 0.41 0.901 0.891 0.37 -0.24

Ulnar sensory NCV (m/s) Crude 0.72 0.82 0.76 -0.37 -1.20 54.71 (5.90)
Adjusted 0.65 0.72* 0.89% 0.05 -0.57

Peroneal motor NCV (m/s) Crude -0.13 0.18 -0.07 -0.16 -1.15 46.47 (4.51)
Adjusted -0.07 0.14 -0.04 -0.01 —-0.941

Sural sensory NCV (m/s) Crude 0.34 0.22 -0.09 0.07 -0.89 44.41 (5.82)
Adjusted 0.13 0.04 -0.17 ~0.01 —1.08

Median motor amp. (mV) Crude -0.17 0.08 0.03 0.07 -0.27 10.38 (3.63)
Adjusted -0.05 0.09 -0.02 0.14 -0.28

Median sensory amp. (uV) Crude 0.11 1.55 1.62 0.82 -0.07 22.57 8.72)
Adjusted 0.33 1.25% 1.31* 0.65 ~0.11

Ulnar sensory amp. (¢V) Crude 0.78 1.79 1.38 0.85 -0.80 20.56 (8.81)
Adjusted 0.92 1.42* 1.19 0.77 -0.26

Peroneal motor amp. (mV) Crude -0.120 -0.034 -0.027 -0.017 -0.023 6.91 (2.93)
Adjusted -0.036 0.042 -0.024 -0.0m -0.062

Sural sensory amp. (uV) Crude -0.47 0.13 0.60 1.14 -0.51 16.70 (10.34)
Adjusted -0.56 -0.23 0.39 0.86 0.09

*Designates p < 0.05 and tdesignates p < 0.0l that the parameter estimate is equal to 0.

vibrotactile and thermal thresholds. Very heavy drinking (i.e.,
greater than 179 drinks per month) was associated with slower
conduction velocity and smaller amplitudes for virtually all
nerves studied. A similar, though smaller, effect was also asso-
ciated with never drinking; the best nerve conduction function
was observed for groups of low to moderate consumers of
alcohol. A similar pattern in which the best nerve function
was observed among groups of low to moderate consumers of
alcohol was found for vibrotactile thresholds. Essentially no
consistent relationship between alcohol consumption group
and thermal thresholds was observed.

Although many studies of alcoholics using nerve conduc-
tion measures to identify peripheral nervous system effects
have been published, none have included subjects chosen inde-

pendently of alcohol consumption or clinical disorders associ-
ated with alcohol consumption. Therefore, the results of this
study are not directly comparable to others in the literature.
Several studies using vibrotactile thresholds of such subjects
have been published (12,27,35). After exclusion of subjects
with a diagnosis of alcoholism or major health or social conse-
quences of drinking (i.e., alcohol withdrawal seizures, morn-
ing shaking, conflicts with the law, or use of professional
assistance for drinking problems) none of the investigators
found significant associations between alcohol consumption
and vibrotactile thresholds.

Never-drinker subjects were considered a better compari-
son group than subjects not drinking at the time of the study
because of concern that some of the latter group may have

TABLE 4

EFFECT OF ALCOHOL ON QUANTITATIVE SENSORY THRESHOLDS OUTCOMES —
DIFFERENCES RELATIVE TO NEVER-DRINKERS

Drinking Category (Drinks/Month)

Never-Drinker

Outcome Analysis 0 1-29 30-89 90-179 >179 Mean (SD)

Finger vibration [log (V?)] Crude -0.051 - 0.065 —0.061 -0.027 -0.011 0.665 (0.348)
Adjusted —0.054* —0.053* -0.053* -0.024 -0.023

Toe vibration [log (V3] Crude -0.030 -0.089 -0.078 -0.077 —0.025 1.402 (0.463)
Adjusted -0.021 -0.061+ -0.052* -0.053 -0.021

Finger temperature [log (°C)] Crude 0.025 —0.006 0.004 —0.005 —-0.031 —0.184 (0.294)
Adjusted 0.009 —0.005 —0.003 -0.023 - 0.060*

Toe temperature [log (°C)] Crude 0.041 —0.006 0.018 0.024 0.036 -0.242 (0.352)
Adjusted 0.031 0.001 0.015 0.002 -0.006

*Designates p < 0.05 and tdesignates p < 0.01 that the parameter estimate is equal to 0.



> abstain due to a health condition and might there-
: biased the comparisons. However, in general, nerve
of the current nondrinking group was similar to that
:ver-drinker group.
rossible reason for the small magnitude of the effects
in these data is imprecision in the ascertainment of
sonsumption. The fact that all three summary mea-
alcohol consumption showed a strong dose-effect re-
th serum GGT consistent with that reported by other
tors (1,28,40) suggests that the ascertainment of alco-
imption was valid in this population.
1er potential concern is that the data voiding criteria
7 have resulted in masking of the effect of alcohol on
nduction measures. Voiding was performed on a
s»set of the data points to remove physiologically un-
impossible values. Despite rigorous quality control
;, some recording and coding errors are inevitable in
logic studies of thousands of subjects. Void criteria
sen to maximize the removal of erroneous data while
ng removal of abnormal, but correct, values. To
ent, these choices are arbitrary. The number of data
rided was small, and the magnitude of any potential
he analyses resulting from voiding is likely to have
ul.
analyses employing drinking intensity as the measure
’] consumption were reported in this paper. This alco-
umption variable may not have been the one most
elated to peripheral nerve function, however. It was
is the primary measure of alcohol consumption be-
) evidence exists in the literature that alcohol-related
hy is at least partially reversible (15,16), and there-
-ent drinking intensity seemed the most biologically
ate alcohol consumption measure to relate to current
al nerve function; (b) neither of the other two alcohol
ition indices considered, lifetime alcohol consump-
recent heavy drinking, showed more of an effect on
»mes than did current drinking intensity.
xtremely unlikely that the small magnitude of alcohol
1 these analyses resulted from low statistical power
- effects. Some error in the dependent variables was
ed by the use of multiple examiners and perhaps by
itors as well. However, the sample size of this study is
one and two orders of magnitude larger than virtually
ous studies examining the same research issues. The
-y present did not obscure strong relationships be-
e nerve conduction outcomes and other expected pre-
riables such as height and skin temperature.
‘esults reported for the sural nerve may be slightly
ecause the analyses did not include data from those
with unobtainable evoked responses. Although ab-
1 responses may indicate disease, they are also known
in a small proportion of healthy subjects (19). The
| bias in these analyses is likely to be small because (a)
all proportion of subjects for whom responses could
stained was small and (b) the differences across drink-
jories in the proportion of subjects with absent re-
were small. In addition, this potential bias does not
- results of the nerve conduction outcomes for the
ur nerves studied, as the number of subjects in whom
‘esponses could not be obtained for those nerves was
e.
ts were made to determine whether differences be-
cohol consumption groups on other potentially con-
3 variables affected the observed results. Specifically,
ces were observed between alcohol consumption
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groups for race, BMI, place of military service, socioeconomic
status, and education. Multivariable analyses were performed
in which the effect of alcohol consumption group on nerve
conduction and quantitative sensory outcomes was estimated
while simultaneously controlling for the effect of these poten-
tial confounders. Differences between the crude and the ad-
justed estimates of the effects of alcohol were very small and
inconsistent in their direction. It is unlikely that confounding
was the cause of the weakness of the observed effects of alco-
hol on the outcomes of interest.

Nor is it likely that the weak effects observed in this popu-
lation resulted from inadequate consumption of alcohol by
the participants. This population included a large number of
moderate and heavy drinkers. Specifically, 34% of this popu-
lation met U.S. National Institute on Alcohol Abuse and Al-
coholism criteria for “moderate” drinking, and 17% met its
criteria for “heavy” drinking (42). These proportions are con-
sistent with other reports of military veterans being heavier
consumers of alcohol than nonveteran comparison subjects
29).

The lack of a larger effect of alcohol consumption on nerve
conduction measures may be due to the selection criteria for
study subjects. All subjects passed initial health screening ex-
aminations (most at age 18 years) to be inducted into military
service. The more substantial effects of alcohol on nerve con-
duction presented in the existing literature were virtually all
observed in chronic alcoholics or patient groups. This is the
only large cross-sectional study of the effects of alcohol con-
sumption on peripheral nerve function performed on subjects
who were not chosen on the basis of either a diagnosis of
alcoholism or the presence of a known alcohol-related health
event. Care should be taken in attempting to extrapolate these
results outside a group of initially healthy young males.

The results of this study suggest that other factors in addi-
tion to heavy alcohol consumption are necessary for the devel-
opment of peripheral nerve dysfunction. Nutrition has been
widely suggested as a cofactor in the development of alcohol-
related neuropathy (33,38). No measure of nutritional status
was available for use in these analyses; therefore, it was not
possible to assess its impact on nerve function in this study.
These results do suggest, however, that heavy alcohol con-
sumption, per se, is not directly neurotoxic, as has been pro-
posed by some investigators (3,26).

The finding of the best nerve function among light and
moderate drinkers is consistent with studies of the effect of
alcohol consumption on other health outcomes, such as better
cardiovascular function (30) and fewer hospitalizations (23) in
light and moderate drinkers than among nondrinkers. These
results suggest that light and moderate alcohol consumption
either results in improved function of several organ systems
or is associated with other personal attributes (e.g., diet and
lifestyle) that result in better function. Prospective studies of
neurologic function are needed to clarify this issue.

In conclusion, there was no evidence of a negative effect
on these neurologic outcomes of even moderately heavy drink-
ing in these initially healthy, relatively young subjects. A small
negative effect of very heavy drinking was observed. The re-
markably modest effects observed were not likely the result of
poor ascertainment of exposure or outcome, nor of con-
founding.

These results have important implications for both clinical
practice and epidemiologic research. They suggest that in their
late 30s and early 40s, male consumers of up to 6 drinks per
day are not at increased risk of poor nerve conduction as
measured by standard electrophysiologic methods nor of di-
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minished vibrotactile or thermal sensory acuity. Furthermore,
most drinkers of more than 6 drinks per day do not exhibit
abnormally slowed peripheral nerve conduction velocity, re-
duced amplitude, or decreased sensory acuity. Therefore,
other factors alone or in combination with alcohol consump-
tion should be sought to explain reduced peripheral nerve
function when observed electrophysiologically or clinically in
heavy drinkers. In addition, these results suggest that failure
to control for alcohol consumption in epidemiologic studies
using nerve conduction or quantitative sensory threshold mea-
sures will not result in substantial confounding of the observed
results. In fact, controlling for alcohol consumption in epide-
miologic studies of potentially toxic agents with which ethanol
may interact in an adverse way (e.g., solvents) may reduce the
observed magnitude of an effect attributable to the neurotoxic
agent.
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Finally, these results should not be interpreted as suggest-
ing that even moderate levels of alcohol consumption are with-
out potential adverse health effects. The chronic effects of
alcohol consumption on other organ systems as well as the
social and behavioral consequences of acute alcohol intoxica-
tion are serious medical and public health hazards.
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