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Effect of low to moderate levels of smoking and
alcohol consumption on serum immunoglobulin
concentrations

S A McMillan, J P Douglas, G P R Archbold, E E McCrum, A E Evans

Abstract
Aim-To determine the effect of low to
moderate levels of smoking and alcohol
consumption on immunoglobulin concen-
trations.
Methods-Serum samples from 1787 sub-
jects with approximately equal numbers
in each five year group from 15 to 64 years
were obtained from a large random popu-
lation survey in Northern Ireland. Details
were available on each subject concerning
the number of units of alcohol consumed
per week and the number of cigarettes
smoked per day. IgG, IgM, and IgA
concentrations were measured by laser
nephelometry on all serum samples.
Results-Low to moderate consumption
of alcohol was associated with a decrease
in IgG and IgM median concentrations in
contrast to an increase in IgA median
concentrations. The decrease in IgM and
especially IgG median concentrations ap-
peared to be related to the smoking habits
of the subjects. Alcohol consumption
alone was associated with increased IgA
median concentrations whereas cigarette
smoking alone was associated with re-
duced IgG median concentrations.
Conclusion-Low levels of alcohol con-
sumption and cigarette smoking influence
IgG, IgM, and IgA serum concentrations.
This should be borne in mind when select-
ing subjects for use in research and
clinical settings.
(C Clin Pathol 1997;50:819-822)

Keywords: immunoglobulins; alcohol consumption;
smoking; reference intervals

The establishment of population based refer-
ence values is essential for clinical
interpretation of laboratory results. The Na-
tional Committee for Clinical Laboratory
Standards has produced guidelines for obtain-
ing reliable and clinically useful reference
values for new analytes from the healthy
population.' 2 One of their main requirements
in producing relevant reference values is the
selection of the reference population and the
defining of criteria for exclusion of subjects
from this population. Exclusion may be due to
biological variation within the population or
analytical interferences of the analyte being
measured. These include health associated risk
factors, different physiological states, and the

intake of pharmacologically active agents such
as drugs, alcohol, and tobacco.3

Cigarette smoking and alcohol consumption
are common among the healthy population,
and both have been associated with changes in
immune status. Cigarette smoking has been
shown to affect T cell subsets, natural killer
cells, and serum immunoglobulin concen-
trations." Alcohol consumption, especially
heavy consumption, is associated with changes
in lymphocyte populations and increased
serum immunoglobulin concentrations.78
However, little is known of the effect on immu-
noglobulin concentrations of low to moderate
consumption of alcohol and the smoking oflow
to moderate numbers of cigarettes, or how
these two factors interact. Here, we report the
effects of low to moderate levels of smoking
and consumption of alcohol on immunoglobu-
lin concentrations in a well defined large popu-
lation study. The results may help to explain
the differences in immunoglobulin concentra-
tions and references ranges obtained from dif-
ferent studies.

Methods
SUBJECTS
In Northern Ireland the Belfast MONICA
(Multinational monitoring of trends and deter-
minants in cardiovascular disease) project and
the Change of heart survey were set up
between 1983 and 1992 to determine the risk
factors associated with coronary heart disease
in the population.9 These populations were
selected as single random samples by sex and
age from patients on the Northern Ireland
Central Service Agency's General Practition-
ers' list. Each subject consented to undergo an
interview and was asked a series of general
questions about their lifestyle. During the
interview a blood sample was taken. Serum
samples were available from two of the above
surveys: Change of heart (1988) and
MONICA 3 (1991-92). Subjects from the
MONICA 3 survey were aged between 25 and
64 years and were from the Belfast area;
subjects from the Change of heart survey were
aged between 15 and 64 years and were from
the rest ofNorthern Ireland outside the Belfast
area.
Our study investigated 1787 samples from

both these surveys with approximately equal
numbers of males and females (876 and 911,
respectively) and approximately equal numbers
in each five year group between 15 and 64
years.
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Table 1 Effect ofnumber of units of alcohol consumed per week on the median
concentrations and reference intervals for immunoglobulins in all subjects

Units of alcohol consumed per week

0 1-20 21-40 >40
(n=792) (n=670) (n=187) (n=138) p value*

IgG Median 11.50 11.40 11.20 10.95 0.002
Reference interval 7.6-17.3 7.4-16.8 7.2-16.3 7.2-15.8

IgM Median 1.35 1.33 1.20 1.17 0.002
Reference interval 0.5-3.6 0.5-3.2 0.4-2.9 0.4-2.8

IgA Median 2.10 2.22 2.34 2.35 0.0001
Reference interval 0.7-4.8 0.9-4.8 1.0-5.3 0.4-5.4

Values are in g/l.
*Kruskal-Wallis one way ANOVA.

ALCOHOL CONSUMPTION AND SMOKING
As part of the survey, subjects were interviewed
and questioned about their life style including
the number of units of alcohol consumed per

week and the number of cigarettes smoked per

day. A unit of alcohol was 8 g of ethanol and for
this study was equated to a glass of wine or a

bottle/half pint of beer.'0 A measure of spirits in
Northern Ireland is equal to 1.5 units. To
ensure sufficient numbers of subjects for statis-
tical analysis, alcohol consumption was catego-
rised into the following groups: no alcohol
consumed, 1-20 units of alcohol consumed per

week, 21-40 units consumed per week, and
> 40 units consumed per week. (In the last
group a total of 40 subjects consumed more

than 80 units of alcohol per week.) Cigarette
smoking was also categorised into groups: no

cigarettes smoked, 1-10 cigarettes smoked per

day, 11-20 cigarettes smoked per day, and > 20
cigarettes smoked per day. (In the last group

only seven subjects smoked more than 40 ciga-
rettes per day.) Subjects who did not smoke
were grouped according to their alcohol
consumption and subjects who did not con-

sume alcohol who were grouped according to
the number of cigarettes smoked. Information
was also available on the number of subjects in
the non-smoking group that had never smoked,
had occasionally smoked, or had regularly
smoked in the past.

IMMUNOGLOBULIN CONCENTRATIONS
Serum concentrations of IgG, IgM, and IgA
were measured by laser nephelometry using a

Beckman Array Protein system (Beckman
Instruments, High Wycombe, Bucks, UK) with
appropriate Beckman standards and controls.
The analytical coefficient of variation of the
method is below 3%. Standardisation was to
the IFCC international reference preparation
for plasma proteins (Lot CRM 470).

DATA STORAGE AND STATISTICAL ANALYSIS

Data storage and statistical analysis were

performed using SPSS for Windows release 6.0
software. Information stored on each patient
included survey identification number, age,

sex, amount of alcohol consumed in units per
week, number of cigarettes smoked per day,
and concentrations of IgG, IgM, and IgA. Sta-
tistical analyses included the calculation of
medians, maximum and minimum values,
2.5% and 97.5% percentiles. Kruskal-Wallis
one way analysis of variance was used for over-

all comparisons within groups and the Mann-

Whitney U test, with the Bonferroni correction
for multiple comparisons, was used to compare
individual subgroups within each group.

ESTABLISHMENT OF REFERENCE INTERVALS
The reference intervals were calculated for
IgG, IgM, and IgA as the central 95% of results
bounded by the 2.5% and 97.5% percentiles.3
As the distribution of all three immunoglobu-
lins in the study population differed from a
gaussian distribution, the non-parametric
method based on rank numbers was used to
define the central 95% reference values
bounded by the 2.5% and 97.5% percentiles.
Reference values by sex and age groups
(15-30, 31-45, and 46-65 years) were also cal-
culated.

In the calculation of the reference values of
all three immunoglobulin classes extreme
values were excluded if the difference between
the extreme value and the next value was
greater than one third of the entire range."

Results
SMOKING AND ALCOHOL CONSUMPTION IN THE

STUDY GROUP
In the study group, 29% (521) subjects smoked
one or more cigarettes per day and 56% (995)
consumed at least one unit of alcohol per day.
Eight per cent (147) smoked but did not drink
alcohol, and 35% (619) consumed alcohol but
did not smoke. Twenty one per cent (374) both
consumed alcohol and smoked whereas 36%
(647) neither consumed alcohol nor smoked.
Of the 1266 subjects who said that they were
non-smokers, 778 (62%) had never smoked,
97 (8%) had occasionally smoked in the past,
and 381 (30%) had smoked regularly in the
past.

IMMUNOGLOBULIN CONCENTRATIONS AND
ALCOHOL INTAKE
There was a significant decrease in both
median concentrations of IgG and IgM iso-
types in the study population with increasing
alcohol consumption (IgG, p = 0.002; IgM,
p = 0.002). This decrease was also seen in the
different reference intervals calculated for each
group (table 1). The median IgG value
decreased by 5% from the no alcohol value to
the value for subjects consuming greater than
40 units per week. The median IgM concentra-
tion decreased by 13% from the no alcohol
value to the value for subjects consuming over
40 units per week. In contrast, IgA concentra-
tions showed a significant increase with alcohol
consumption (p = 0.0001), with subjects who
consumed greater than 40 units per week
showing an increase of 12% over the no alcohol
group. Again, this was reflected in the different
reference intervals calculated (table 1).
Immunoglobulin concentrations were also

determined in subjects who did not smoke but
consumed alcohol, showing that low to moder-
ate alcohol consumption had no significant
effect on IgG and IgM median values (IgG,
p = 0.4; IgM, p = 0.2) (table 2). However, in
non-smokers the IgA median values again
increased significantly with alcohol consump-
tion, showing an increase of 22% in subjects
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Table 2 Effect of number of units of alcohol consumed per week on the median
concentrations and reference intervals for immunoglobulins in non-smokers

Units of alcohol consumed per week

0 1-20 >20
(n=647) (n=466) (n=153) p value*

IgG Median 11.7 11.5 11.6 0.4
Reference interval 7.6-17.4 7.6-16.5 7.6-17.2

IgM Median 1.35 1.36 1.35 0.2
Reference interval 0.5-3.7 0.5-3.2 0.5-2.8

IgA Median 2.10 2.28 2.57 0.0001
Reference interval 0.7-4.8 0.9-4.9 1.1-5.5

Values are g/l.
*Kruskal-Wallis one way ANOVA.

Table 3 Effect ofnumber of cigarettes smoked per day on the median concentrations and
reference intervals for immunoglobulins in all subjects

Number of cigarettes smoked per day

0 1-10 11-20 >20
(n=1266) (n=181) (n=240) (n=100) p value*

IgG Median 11.60 10.80 10.40 9.60 0.0001
Reference interval 7.6-17.0 7.6-15.8 6.9-15.2 6.3-14.5

IgM Median 1.33 1.30 1.28 1.24 0.04
Reference interval 0.5-3.4 0.5-3.0 0.5-2.9 0.4-3.2

IgA Median 2.22 2.16 2.10 2.10 0.07
Reference interval 0.8-5.0 0.7-4.9 0.7-4.3 1.1-5.4

Values are g/l.
*Kruskal-Wallis one way ANOVA.

Table 4 Effect of number of cigarettes smoked per day on the median concentrations and
reference intervals for immunoglobulins in subjects who did not consume alcohol

Number of cigarettes smoked per day

0 1-10 >11
(n=647) (n=58) (n=87) p value*

IgG Median 11.7 11.05 9.7 0.0001
Reference interval 7.6-17.4 7.8-15.8 6.9-14.2

IgM Median 1.35 1.34 1.31 0.86
Reference interval 0.5-3.7 0.4-3.1 0.4-3.5

IgA Median 2.10 2.08 2.07 0.74
Reference interval 0.7-4.8 0.8-4.3 0.6-5.1

Values are g/l.
*Kruskal-Wallis one way ANOVA.

Table S Median immunoglobulin concentrations according to age

No alcohol Alcohol
All subjects consumed consumed Non-smoker Smoker

IgG
15-30 years 11.2 11.3 10.7 11.3 10.4
31-45 years 11.2 11.3 10.9 11.8 10.5
46-65 years 11.5 11.8 11.2 11.7 10.8

IgM
15-30 years 1.32 1.36 1.31 1.40 1.30
31-45 years 1.34 1.38 1.30 1.41 1.31
46-65 years 1.33 1.35 1.31 1.35 1.25

IgA
15-30 years 1.85 1.72 2.10 1.86 1.82
31-45 years 2.20 2.11 2.24 2.32 1.95
46-65 years 2.44 2.40 2.50 2.41 2.31

Values are g/l.

consuming greater than 20 units per week
compared with subjects who did not consume
alcohol (table 2).

IMMUNOGLOBULIN CONCENTRATIONS AND

CIGARETTE SMOKING
There was a statistically significant lowering of
the median IgG serum concentration with
increasing numbers of cigarettes smoked
(p = 0.0001) as shown in table 3. This
difference was even observed between non-
smokers and subjects who smoked 10 or fewer

cigarettes per day (Mann-Whitney,
p = 0.0004). Smoking more than 20 cigarettes
per day was associated with a 17% lower IgG
median concentration (table 3). Both IgM and
IgA median concentrations also decreased with
smoking; however, only the decrease in IgM
concentrations was statistically significant. The
effect of cigarette smoking on immunoglobulin
concentrations was also determined in subjects
who did not consume alcohol and only IgG
concentrations were found to be significantly
lower with smoking. Both IgM and IgA median
concentrations did not change with increasing
numbers of cigarettes smoked (table 4).
Although the number of subjects who smoked
but did not consume alcohol were small, there
was a significant decrease in the median IgG
concentration between subjects who did not
smoke (n = 647) and those who did smoke
(n = 145) (IgG, 11.7 mg/l and 10.23 mg/Il,
respectively, p = 0.001) (table 4).

In the subjects who did not currently smoke,
there was no significant difference in IgG, IgM,
and IgA concentrations between those who had
never smoked, had occasionally smoked in the
past, or had regularly smoked in the past.

IMMUNOGLOBULIN CONCENTRATIONS AND THE
AGE OF SUBJECTS WHO SMOKE AND CONSUME
ALCOHOL
IgG and IgM concentrations showed no differ-
ences with increasing age. However, IgA
concentrations showed a significant increase
with increasing age (p = 0.023). Comparison
of subjects in the age groups who did or did not
smoke or consume alcohol reflected these con-
centrations (table 5). Similar values were seen
between males and females with increasing age
whether the subjects smoked or consumed
alcohol (data not shown).

MEDIAN CONCENTRATIONS AND REFERENCE
INTERVALS FOR IgG, IgM, AND IgA IN THE
DIFFERENT GROUPS
Comparison of the median immunoglobulin
concentrations in the groups of smokers, non-
smokers, drinkers, and non-drinkers showed a
statistical decrease in IgG concentrations
between subjects who did not smoke or drink
and subjects who either smoked and did not
drink or smoked and consumed alcohol (table
6). There was also a statistical decrease in IgM
median concentrations between subjects who
smoked or consumed alcohol and subjects who
did not. These differences were reflected in the
reference intervals for both IgG and IgM,
which were both considerably lower in subjects
who smoked and consumed alcohol compared
with those who did not. In contrast, median
IgA concentrations were significantly increased
in subjects who consumed alcohol, whether
they smoked or not, compared with subjects
who did not drink alcohol (table 6). The IgA
reference interval did not appear to be affected
by alcohol consumption or smoking.

Discussion
Our study has shown that the consumption of
as few as 20 units of alcohol per week is associ-
ated with a significant increase in the median
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Table 6 Comparison of median concentrations and reference intervals ofserum
immunoglobulins

IgG IgM IgA

All subjects (n=1787) Median 11.4 1.33 2.19
Reference interval 7.4-16.5 0.50-3.32 0.85-4.90

Subjects who neither smoke Median 11.7*t 1.35t 2.10§
nor drink (n=647) Reference interval 7.6-17.4 0.51-3.71 0.71-4.82

Subjects who drink but do Median 11.6 1.32 2.33§1I
not smoke (n=619) Reference interval 7.6-16.7 0.51-3.19 0.98-5.14

Subjects who smoke but do Median 10.9* 1.32 2.07¶
not drink (n=147) Reference interval 7.1-16.8 0.43-3.33 0.65-4.77

Subjects who both smoke Median 10.5t 1.24t 2.13
and drink (n=374) Reference interval 6.9-15.3 0.43-2.86 0.87-4.79

Values are g/l.

Mann-Whitney U test with
Sp = 0.0006; 1p = 0.0003.

Bonferroni correction:*p = 0.0006; tp = 0.0006; tp = 0.0012;

concentration of IgA and a decrease in both
IgG and IgM median concentrations. The
decrease in the IgG concentration, and to a

lesser extent the IgM concentration, appeared
to be related to the smoking habits of the sub-
jects, as this effect was not seen in non-

smokers. Smoking appeared to be associated
with decreased concentrations of all three
immunoglobulins, although in subjects who
did not consume alcohol, smoking alone was

associated only with significantly decreased
IgG concentrations. The effect of smoking and
drinking was also reflected in the small
differences in immunoglobulin reference inter-
vals calculated for the groups studied.
Serum IgA concentrations increased with

age, but this did not appear to be a contribut-
ing factor to the increase in IgA concentrations
with alcohol consumption as the age distribu-
tion within each alcohol group was approxi-
mately the same. It is interesting that subjects
who do not smoke now but had smoked in the
past had similar median immunoglobulin con-

centrations to those who had never smoked,
suggesting that smoking has a direct but
temporary effect on immunoglobulin concen-

trations.
There are now recommended criteria for

establishing population based clinical reference
intervals.' These include the exclusion of indi-
viduals from the reference population due to
biological variations. One such group are indi-
viduals taking pharmacologically active agents
such as tobacco and alcohol. We have shown in
our study that differences do occur in both
immunoglobulin median concentrations and
reference intervals when subjects are catego-
rised according to whether they smoke ciga-
rettes or consume alcohol. It appears that even

low levels of smoking and drinking are

associated with changes in immunoglobulin
concentrations. This may partially explain the
differences sometimes seen in immunoglobulin
concentrations and reference intervals between
different reported studies. In our random sam-

ple population 56% of individuals consumed
alcohol and 29% of individuals smoked.
The strength of this study lies in its large

sample size and its composition, the subjects
were not from a defined group but were

randomly selected males and females with
equal numbers in the age range 15-65 years.
Although this is a large population study, the
small number of subjects in the group who did
not consume alcohol but smoked may make
the results pertaining to this particular group
less robust. Ethnic differences are unlikely to
contribute to the variation in immunoglobulin
concentrations as the Northern Ireland popu-
lation comprises a relatively stable homo-
geneous ethnic population. Most studies have
reported alterations in immunoglobulin con-
centrations caused by drinking or smoking but
these have been in highly selected groups such
as blood donors, hospital patients, subjects
taking part in drug trials, and captive groups
(such as army volunteers)7 12-15 and not in a
randomly selected population.

In this study we have demonstrated that both
smoking and alcohol consumption cause
changes to immunoglobulin reference inter-
vals; however, these ranges are still within clini-
cally acceptable limits. The results emphasise
the need to be aware of the factors that can
influence concentrations of analytes when
obtaining subjects for establishing reference
intervals. Our study has confirmed that smok-
ing and alcohol consumption are two such fac-
tors.
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