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METHODS
SUMMARY

Using information from approximately 100,000 multiphasic
check-ups performed in these facilities, we have found an association between alcohol-drinking habits and serum glucose values one
hour after an oral challenge with 75 gm. of glucose. There was a
positive dose-response relation between reported alcohol intake
and serum glucose level over the most common range of alcohol
intake. Serum glucose levels were highest in the group who consumed six to eight alcoholic drinks per day. However, among those
who said they took nine or more drinks per day, mean serum
glucose levels were significantly lower than in the six-to-eight-drink
group. These relations persisted when the analysis was controlled
for the effects of age, sex, race, adiposity, time since last food
intake, time of day, previously known diabetes, and previously
known liver disease. A search of the literature failed to uncover a
complete explanation for these phenomena. DIABETES 25:780-85,
August, 1977.

Much has been written on the possible influence of
alcohol drinking on serum glucose concentration.
Many published findings are based on experimental
work. Consequently, they do not cover large numbers
of subjects and may not reflect the effects of habitual
alcohol consumption on serum glucose levels in a
free-living population. Using data collected in multiphasic check-ups given by the Kaiser-Permanente
Medical Care Program, we have been able to relate
self-reported drinking habits to postchallenge serum
glucose levels in approximately 100,000 persons.
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The Kaiser-Permanente Medical Care Program offers its members a general health evaluation in the
form of a multiphasic health check-up, which includes
a health questionnaire and a number of laboratory and
clinical tests. 1 For this study we selected all check-ups
performed in approximately a four-year period, from
mid-1964 to mid-1968. Only the first check-up in
this period for a given person was used. Serum glucose
concentration was measured one hour after an oral
challenge with 75 gm. of glucose in a lemon-flavored
solution. Chemical analysis was done on a Technicon
Auto Analyzer by the potassium ferricyanide method.
In our study, subjects were classified by alcoholconsumption habits based on responses to two questions in the self-administered health questionnaire:
(1) In the past year did you drink any alcohol? (2) If
yes, how many alcoholic drinks did you usually have?
- total of nine a day or more; - six to eight drinks a
day; - three to five drinks a day; - two or less a day.
Of the 110,507 subjects whose serum glucose was
measured; 95,098 (86 per cent) answered the first
question above; 8,135 answered yes to the first question but did not specify the amount of alcohol consumed (question 2). Thus 86,963 (79 per cent of the
subjects whose serum glucose was measured) provided
adequate information on alcohol consumption. Approximately 55 per cent of these subjects were women
and 45 per cent men. The racial distribution was 80
per cent whites, 11 per cent blacks, 4 per cent yellows, and 3 per cent other races; 2 per cent were not
classified in any of these categories and were considered of an unknown race.
Information was also obtained from the Multiphasic
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Health Checkup data on these subjects concerning the
following potentially confounding variables: age, sex,
race, ponderal index (height [in.]/ 3 V weight [lb.]),
educational level attained, time since last food intake,
time of day glucose ingested, and history of diabetes
and liver disease.
The ponderal index was used to estimate adiposity;
the population was divided into three groups with
regard to this factor: (1) light: ponderal index
> 12.60; (2) medium: ponderal index 12.20-12.59;
(3) heavy: ponderal index < 12.19.
Level of education was also considered, and again
the total population was divided into three groups
with regard to education: (1) elementary school only;
(2) high school, trade or business school, up through
two years of college; (3) three or more years of college.
Subjects were also classified according to whether at
least four hours had elapsed (as had been instructed)
between last eating and ingestion of the glucose solution. To control for possible effects of time of day,
subjects were divided into three groups according to
the hour at which the oral glucose was administered:
(1) between 1200 and 1500 hours; (2) between 1500
and 1800 hours; (3) between 1800 and 2100 hours.
Previously known diabetics were identified from
answers to the question, "Has a doctor said you had
diabetes?". Patients with known liver disease were
identified from answers to the question, "Has a doctor
said you had liver disease?". As an indicator of prevalence of possible hepatic dysfunction, we also
examined mean serum glutamic oxaloacetic transaminase (SGOT) levels in relation to alcohol consumption.
To control for possible effects of age on serum glucose levels, comparisons were made within specific age
subgroups, or, when over-all comparisons were made,
age adjustment was used. The indirect method of age
adjustment was employed, using as the standard the
entire population's data from first check-ups during
the same period (n= 110,507).
RESULTS
Age-adjusted mean serum glucose values in relation
to drinking categories for the total population studied
are presented in table 1. There was an increase in
mean serum glucose with increasing alcohol consumption with the exception of the highest alcoholconsumption category (nine drinks a day or more). In
this last category, which was the smallest in size but
still contained a reasonable number of subjects (840),
we observed a substantial and statistically significant
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TABLE 1
Mean one-hour postchallenge serum glucose according to alcoholdrinking categories in the entire population studied

category
Nondrinker
=£ 2 Drinks/day
3-5 Drinks/day
6-8 Drinks/day
> 9 Drinks/day
Total

Number of Mean serum
persons
glucose*
22,981
171
54,405
176
7,372
185
1,365
186
178
840
86,963

S.D.
48.63
45.99
49.46
51.78
50.13

Significance/
nondrinkersj
p<10" 9
p<10 - »
p<10 - »
p<10-s

* Age-adjusted.
fThe mean value for each drinking group was compared to that of
the nondrinking group on a r-test.

lower mean serum glucose than in the preceding
category. We attempted to determine whether the
relation observed could be explained by some of the
large number of factors previously described*"4 as related to alcohol-drinking habits and possibly to serum
glucose levels as well.
With regard to basic demographic characteristics,
age and race were strongly related to the response to
an oral glucose load;5 sex was much less related. Similarly, marked differences in alcohol consumption in
relation to age, sex, and race have been noted by
others 2 " 4 and by us. 6 For these reasons the relation of
alcohol-drinking habits to serum glucose was
examined within each race and sex group separately
and was adjusted for age. Because of the small size of
some of the subgroups in other races, we present only
whites and blacks. In each sex-race category (figure 1),
we again found the pattern described for the total
population: the more alcohol consumed, the higher
the mean blood sugar level. But this relation was true
only up to a certain level of drinking; beyond that
limit the trend was reversed. The trend was changed
within all subgroups in the nine-or-more-drinks-perday category, except for white women, in whom the
trend reversed at six to eight reported drinks per day.
Not only was adiposity related to alcohol consumption, 6 but it seemed to be also related to serum glucose levels in a variety of ways in different age-sex
groups. For this reason, we computed mean glucose
values within each drinking category for the "light,"
"medium," and "heavy" groups separately (on the
ponderal index). This analysis was repeated for each
race and sex subcategory. Combined results illustrating the general trend and the results for white men
(the only race-sex group with substantial numbers in
all categories) are presented in figure 2. Within each
"adiposity" group the relation of alcohol consumption
781
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TABLE 2
Mean serum glucose levels (age-adjusted) in relation to
education in various race-sex groups

Elementary

High, trade, or
business school or
college s£2 yr.

College 5*3 yr.

Black men
Black women

180
18S
161
161

176
176
157
156

177
179
160
157

Yellow men
Yellow women

184
185

179
181

185
186

White men

£

180
White women

Black men
Black women

T

<2

3-5

6-8

>9

Number of drinks per day

FIG. 1. Age-adjusted mean serum glucose levels by alcohol consumption, race, and sex.

to glucose level was the same as that for all adiposity
groups combined (table 1 and figure 1).
Association between alcohol-drinking habits and
highest educational level attained has been shown. 2 " 6
Table 2 suggests that serum glucose level is also re-

White men
White women

lated to education. Mean serum glucose levels in relation to alcohol-drinking habits were thus computed in
every race-sex-education subgroup. The general trend,
with all race-sex subgroups combined, and the results
for white men are shown in figure 3. The previously
described relation between drinking habits and glucose level was still present in each education subgroup.
We also cross-classified the analysis for elapsed time
since last food intake, with the results for white men

High, trade
or <3 yr. coll.
g

190
Light

TOTAL POPULATION

College »3 years
*- Elementary
High,trade,<3 yr. coll.
TOTAL POPULATION

T

3-5

6-8

Number of drinks per day

FIG. 3. Age-adjusted mean serum glucose levels by alcohol consumption and educational status.

170

T
>9
Number of drinks per day

FIG. 2. Age-adjusted mean serum glucose levels by alcohol consumption and ponderal index.
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shown in table 4. The 2,574 white men who had
taken food within four hours of the oral glucose challenge had substantially lower blood sugar levels than
the majority, who obeyed instructions not to eat for at
least four hours before the examination. This was exDIABETES, VOL. 26, NO. 8
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TABLE 3
Mean serum gl ucose levels (age-adjusted) in relation to
ponderal index in race-sex groups

White men
White women

Light
177
180

Black men
Black women
Yellow men
Yellow women

Ponderal index group
Medium

Heavy

176
179

181
181

156
155

157
157

163
160

182
182

180
182

189
185

pected, representing the long-known "Staub-Traugott
phenomenon" (also called the "Hamman-Hirshman
effect" and "Allen's paradox"). However, the relation
of blood sugar level to alcohol consumption was similar to the general trend in this subgroup. Furthermore, the proportions of white men with various alcohol habits who had taken food less than four hours
before the test were similar (9.0 per cent of nondrinkers, 7.7 per cent of ^ 2 per day drinkers, 7.8 per cent
of 3 + per day drinkers). It thus appears probable that
the various groups (categorized by usual alcohol consumption) were tested at approximately the same
mean interval between the last meal and the glucose
challenge. Data are not available about diet in the
days preceding the test. It seems probable that substantial differences exist in usual dietary habits between nondrinkers and regular users of 3-5, 6-8, or 9 +
drinks per day. We cannot assess the role of usual diet
(other than alcohol) in our results.
During the study period the examinations were
TABLE 4
Mean serum glucose levels (age-adjusted) as they relate to time
since last food taken, time of day,1" and known liver diseasef
in white men with various alcohol-intake habits

None

Number of drinks per day
22
3-5
6-8
9+

Interval since last food
< 4 hours
> 4 hours

147.2
172.7

150.7
178.7

158.2
187.8

174.6
189.9

157.9
185.3

Time of day (hr.)*
1200 to 1500
1500 to 1800
1800 to 2100

176.0
173.0
174.2

178.9
178.8
177.8

190.3
187.5
187.8

191.8
189.8
187.2

180.4
178.7
177.4

Known liver disease!
Yes
No

172.0
170.4

173.3
176.5

157.3*
185.8

175.3* 189.9*
188.9 182.2

"'Time oral glucose load administered.
f According to response to question "Has a doctor said you had liver
disease?".
*Data based on fewer than 30 persons.
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administered between 1200 and 2100 hours, and the
glucose challenge was given shortly after the
examinees began the procedure. Subclassification of
white men into roughly three equal groups according
to the time of glucose ingestion (table 4) showed (1)
no substantial differences in mean blood sugar between the time subgroups and (2) independence of the
alcohol use—mean glucose relation from this variable.
There were no substantial differences in the proportions of persons in the various alcohol-consumption
categories who took the examination early or late in
the day. We conclude that time of day is not a significant confounding factor. It is possible that we
would have found more relation of time of day to
blood sugar levels if testing were begun earlier in the
day. Table 4 also presents data showing mean glucose
values for white men who answered either "yes" or
"no" to the question about known liver disease. The
155 white men who answered "yes" do not show a
consistent trend, but the mean glucose values in this
small subgroup show no statistically significant differences (drinkers vs. nondrinkers). Of the 155 white
men with known liver disease, 31 were nondrinkers,
and 63, 20, 14, and 27 consumed ^ 2 , 3-5, 6-8, or
9 + drinks per day, respectively. As a possible additional indicator of prevalence of active liver disease,
we present (table 5) data showing mean SGOT values
in white and black men and women with various alcohol habits. The data show little difference in mean
SGOT between nondrinkers and =S2 per day drinkers.
(White men and women who drink =S2 drinks per day
have slightly lower mean serum SGOT than nondrinkers.) Persons who take 3-5, 6-8, or 9 + drinks
per day had, as expected, progressively higher mean
serum SGOT. If, as seems plausible, this represents
evidence of liver disease in some persons, such disease
clearly could be a factor in the relative glucose intolerance of persons who have 3-5 and 6-8 drinks per day.
But the evidence does not support a higher hypothetic
TABLE 5
Mean SGOT levels (age-adjusted) in relation to alcohol
consumption in white and black men and women

White men
White women

None
21.5
17.7

Number of drinks per day
^2
3-5
6-8
21.2
22.1
25.511
17.4t
18.9|
21.4f

25.7§
23.5t

Black men
Black women

22.2
18.2

22.5
18.9*

27.6t
24.8*

25.5*
21.6|

27.5t
23.7

9+

Significance level, compared with nondrinkers: *0.05 > p>0.001,
tO.01 > p>0.001, *0.001 > p>0.0001, §0.0001 > p>0.00001,11
p<0.000001.
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prevalence of liver disease in ^ 2 per day drinkers (vs.
nondrinkers). Furthermore, there is no reversal of the
SGOT trend at 9 + drinks per day. It is possible that
these heaviest drinkers have different types of hepatic
disease from those found in 3-5 or 6-8 per day drinkers. For example, persons with chronic fibrotic disease might have less elevation of SGOT than those
with active hepatocellular disease due to alcohol. Finally, a previous diagnosis of diabetes was taken into
account. In the "nondiabetic" group, the previously
described relation between serum glucose and alcohol
consumption was unchanged. No meaningful data
could be derived from the diabetic group, which was
heterogeneous with regard to medication and diet and
most of whom did not take the glucose challenge (only
85 white and 22 black diabetics took the glucose challenge).
Chronic pancreatitis is another condition that could
be related to our findings, as prevalence of this condition is related to use of alcohol. Unfortunately, we had
no information from the multiphasic examination
about either a history or diagnosis of pancreatitis or
exocrine pancreatic function.
DISCUSSION
Although we have not been able to find in the
literature any comparable large-scale epidemiologic
study, there is considerable evidence 8 " 14 that "alcoholic" patients diagnosed variously as having fatty
liver, liver disease, or cirrhosis of the liver commonly
have decreased glucose tolerance, hyperglycemia, and
diabetes. To confirm these findings, experimental
studies have been done with acute administration of
alcohol to "alcoholic" or "nonalcoholic" subjects. 1516
A moderate rise in blood glucose following alcohol
ingestion and a higher-than-normal response to glucose challenge was documented.
It has been speculated that the relation described
was possibly due to a direct effect of alcohol on the
hepatic glycogenolysis as well as on peripheral utilization of glucose and/or as an indirect effect of alcohol
and its metabolites, especially acetaldehyde 1718 on
stimulation of the sympathetic nervous system. 19 - 20
Modification in insulin response can also account for
decreased glucose tolerance in such patients, either if
chronic pancreatitis occurs or if resistance to insulin
develops. 11 - 12 * 1 * 2
However, this apparent positive relation between
blood glucose level and alcohol consumption in "alcoholics" has not been confirmed by two recent experiments 23 * 4 and one community study 25 in which a
784

relation between serum glucose levels and moderate
alcohol intake was examined. In both experiments, a
group of "nonalcoholic" persons were given moderate
amounts of alcohol for several days. Neither their fasting glucose level nor their glucose tolerance appeared
to be affected. The community study (much closer to
ours in its design) recorded alcohol-drinking habits in
a sample of 202 healthy men in Tecumseh, Mich.
Fasting blood glucose and glucose tolerance tests were
then performed. No clear relation of these variables to
alcohol-drinking habits was documented. The apparent differences between these findings and ours are
not easy to explain. Possible reasons might include
different methods of selection of the study population,
a much smaller sample size, the requirement of a fasting state for all subjects in Tecumseh, or differences in
definition of drinking categories between the two
studies.
A number of good reviews15-26"31 have been published recently that deal with the general area of
metabolic effects of ethyl alcohol. Our data, which
relate to habitual use of alcohol, are in agreement with
those of others who have noted that alcohol consumption results in an increased serum glucose level in
response to a glucose challenge. These data also demonstrate a positive relation between the amount of
alcohol usually consumed and the mean response to an
oral glucose tolerance test. However, this relation did
not persist in the highest-alcohol-consumption group
of our study population. In that group the mean response to the oral load of glucose decreased to below
that of the preceding group. The meaning of this
apparent paradox, however, is unclear. This group
(9+ drinks a day) might differ from the other groups
in a number of ways not explored in our study, such as
duration of alcohol drinking, type of alcohol used,
diet, prevalence of specific types of liver disease, or
other illness. Thus, we plan studies in the future to
attempt to determine the role that liver disease and
other pertinent health characteristics might play in
the relationship of alcohol consumption to serum glucose level.
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