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Abstract

Aims: We investigate (a) alcohol consumption in association with type 2 diabetes, taking heavy episodic drinking (HED),
socioeconomic, health and lifestyle, and psychosocial factors into account, and (b) whether a seemingly protective effect
of moderate alcohol consumption on type 2 diabetes persists when stratified by occupational position. Methods: This
population-based longitudinal cohort study comprises 16,223 Swedes aged 18-84 years who answered questionnaires
about lifestyle, including alcohol consumption in 2002, and who were followed-up for self-reported or register-based
diabetes in 2003-2011. Odds ratios (ORs) with 95% confidence intervals (Cls) were estimated in a multivariable-adjusted
logistic regression model for all participants and stratified by high and low occupational position. We adjusted for HED,
socioeconomic (occupational position, cohabiting status and unemployment), health and lifestyle (body mass index (BMI),
blood pressure, smoking, physical inactivity, poor general health, anxiety/depression and psychosocial (low job control and
poor social support) characteristics one by one, and the sets of these factors. Results: Moderate consumption was inversely
associated with type 2 diabetes after controlling for health and lifestyle (OR=0.47; 95% CI: 0.29-0.79) and psychosocial
factors (OR=0.40; 95% CI: 0.22—-0.79) when compared to non-drinkers. When adjusting for socioeconomic factors, there
was still an inverse but non-significant association (OR=0.59; 95% CI: 0.35-1.00). In those with high occupational position,
there was no significant association between moderate consumption and type 2 diabetes after adjusting for socioeconomic
(OR=0.67; 95% CI: 0.3-1.52), health and lifestyle (OR=0.70; 95% CI: 0.32-1.5), and psychosocial factors (OR=0.75;
95% CI: 0.23-2.46). On the contrary, in those with low occupational position, ORs decreased from 0.55 (95% CI: 0.28-
1.1) to 0.35 (95% CI: 0.15-0.82) when adjusting for psychosocial factors, a decrease that was solely due to low job control.
HED did not influence any of these associations. Conclusions: Moderate alcohol consumption is associated with
a lower risk of type 2 diabetes, after adjusting for HED, health and lifestyle, and psychosocial characteristics.
The association was inverse but non-significant after adjusting for socioeconomic factors. When stratified by
occupational position, there was an inverse association only in those with low occupational position and after
adjusting for low job control.
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Introduction

Despite numerous observational studies showing sensitivity [4,5] and/or reducing the inflammatory
that moderate alcohol consumption is associated process [6], scepticism regarding bias and uncon-
with a reduced risk of type 2 diabetes [1-3], and trolled confounding has been pointed out [7-9].
plausible biological mechanisms enhancing insulin While a meta-analysis from 2009 concluded moderate
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alcohol consumption to be protective for type 2 dia-
betes [3], the latest and most comprehensive meta-
analyses showed no reduction in type 2 diabetes risk
at any level of alcohol consumption among men,
regardless of reference group. Instead, reductions in
risk appeared to be specific to women, who exhibited
a peak risk reduction of 34% at 31-37 g/day, relative
to combined abstainers (current non-drinkers and
never drinkers) [10]. However, these analyses con-
cerned average volume intake over a given time and
therefore did not capture the possible effect of heavy
episodic drinking (HED) behaviours. Thus, this may
partly explain the inconsistent results in previous
studies. To date there are not enough epidemiological
studies to settle this question [9].

Another well-known issue concerns the sick-quit-
ter-effect as people may reduce or give up drinking
because they are unwell, which in turn would explain
the protective associations found in moderate drink-
ers. Non-drinkers have been shown to be older [11],
more obese [12,13], less physically active [13], have a
higher prevalence of pre-diabetes [11], and have lower
education [11-13] compared to moderate drinkers.
These factors are also closely related to the develop-
ment of type 2 diabetes and have been accounted for
in previous studies to a varying extent [1].

It has also been suggested that moderate drinkers
have beneficial life circumstances compared to non-
drinkers that has not been adequately taken into
account. Increased attention is being paid to socio-
economic and psychosocial factors such as, for exam-
ple, education, occupational position, employment
status, marital status and social relationships
[8,14,15]. Type 2 diabetes is less prevalent in those
with higher socioeconomic position in western socie-
ties [16] and even if socioeconomic position has been
adjusted for in many studies [1], there is to our
knowledge no prior study that has assessed the alco-
hol and diabetes association in separate socioeco-
nomic groups. Moreover, psychosocial factors as
risks or buffers in the aetiology of type 2 diabetes also
seem important [17,18]. While studies have shown
that non-drinkers have less favourable psychosocial
characteristics compared to moderate drinkers [15],
the role of psychosocial factors in the alcohol-diabe-
tes association has not yet been examined.

Consequently, in this study, we investigate: (a) the
association between alcohol consumption and type 2
diabetes taking into account HED, socioeconomic
(occupational position, unemployment and cohabiting
status), health and lifestyle (body mass index (BMI),
blood pressure, smoking, physical inactivity, poor
general health and anxiety/depression) and psycho-
social factors (low job control and poor social sup-
port); and (b) whether a seemingly protective effect
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of moderate alcohol consumption on type 2 diabetes
can be found in both high and low occupational
groups after adjusting for these potential confound-
ing variables.

Methods
Study population

The study population is from the longitudinal
Stockholm Public Health Cohort (SPHC), which
has been described in detail previously [19]. Briefly,
in 2002 a health questionnaire was sent to approxi-
mately 50,000 randomly sampled (stratified by sex
and residential area) individuals aged 18 to 84 years
living in Stockholm County in Sweden. Those who
responded (#=31,182; 63%) answered detailed ques-
tions about somatic (including diabetes) and psycho-
logical health, demographics, family situation,
housing, work environment, socioeconomic position
and lifestyle factors (including alcohol use). These
participants were followed up by questionnaire in
2010 (#=19,327; 62% participated, 8290 men and
11,037 women).

Those without information about alcohol at base-
line (n=1745) and those who reported diabetes at
baseline (2002) in the SPHC questionnaire or with a
confirmed diagnosis in medical registers between
1993 and 2002 (n=1359) were excluded. Thus, the
final study cohort included 16,223 participants
(7006 men and 9217 women).

Dazta collection

Participants of the SPHC cohort were linked by their
unique personal identification numbers to the
National Patient Register (PR), which includes both
in-and outpatient visits and the regional primary
health care register (VAL). VAL captures all health
care appointments at primary care centres and house
physicians in Stockholm County. Diagnoses in PR
and VAL are coded according to the International
Classification of Disease (ICD), and VAL is here a
complement to PR since many patients with diabetes
in Sweden are diagnosed in primary health care.

Exposure: alcohol consumption

Information on alcohol consumption was obtained
from the baseline (2002) questionnaire. Participants
were asked questions about the total quantity of beer,
wine and spirits they drank during an average week in
the past year. We estimated the amount of 100% pure
alcohol in grams per week, and from the distributions
of grams among all respondents, cut-off groups were
created from the upper (2145.2 grams per week, or
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12 drinks or more), median (41.6-145.2 grams per
week, or 3.5-12 drinks) and lower tertile (=0-41.6
grams per week or >0-3.5 drinks). In addition, sub-
jects who reported that they did not consume alco-
hol were categorized as non-drinkers. We defined
>0-3.5 drinks per week as light consumption, 3.5-12
drinks per week as moderate consumption and >12
drinks as high consumption. HED was defined as
drinking at least a half bottle of spirit, two bottles of
wine, 6 cans/8 bottles of strong beer or 12 bottles of
medium strong beer, during the same occasion once
per month or more often.

OQutcome: type 2 diabetes

People with type 2 diabetes during follow-up (2003—
2011) were identified by self-report (SPHC in 2010)
and by their ICD codes (E10-E14) recorded in VAL
and PR (2003-2011). The self-reported data were
obtained by survey response to the question ‘Have
you ever been diagnosed with diabetes by a medical
doctor?’ (‘Yes’ or ‘No0’). A total of 565 diabetes cases
were identified during follow-up (321 in men and
244 in women). Among the 565 cases, 98 appeared
only in the registers, 261 only in the questionnaire
and 206 cases in both registers and questionnaire.

Potential confounders

Socioeconomic factors. All analyses were controlled for
age (18-44, 45-64 and 65-84 years) and sex. Occu-
pational position on the labour market was based on
self-reported current or previous occupational titles
and classified according to the standard system elab-
orated by Statistics Sweden [20]. We divided these
into three groups: high (high- and medium-level
non-manual employees and self-employed), middle
(low-level non-manual employees) and low (unskilled
and skilled workers). There were also some persons
who did not report any occupation; these were stu-
dents, retired, housewives, unemployed or disability
pensioners, the majority being students, and these
were excluded from further analysis. Unemployment
was based on a question of having been unemployed
any time during the 2 past years, with two responding
alternatives, yes or no. Cohabiting status was based on
sharing accommodation during the majority of the
week and was dichotomized as (living alone) versus
(cohabiting).

Health and Ufestyle factors. BMI (kg/m?) was mea-
sured by self-reported weight and height and catego-
rized into three groups, normal (<£25), overweight
(25-28) and obesity (228). Blood pressure was based
on a question of currently receiving treatment for

high blood pressure with three responding alterna-
tives, ‘no’, ‘yes, but only advice about changed diets’
and ‘yes, medication against high blood pressure’.
Positive answers were combined as an indication of
high blood pressure. Physical inactivity was measured
by how physically active the person had been at lei-
sure time during the previous year. There were four
responding alternatives including low exercise activ-
ity, moderate exercise, moderate regular exercise and
regular exercise and training. In the analysis, low
exercise activity was regarded as physical inactivity.
Smoking was based on the question ‘do you smoke on
a daily basis’, with two responding alternatives, ‘yes’
or ‘no’. We also assessed self-rated general health, by
the question ‘How do you judge your general health
condition?’ There were five responding options ‘very
good’, ‘good’, “fairly good’, ‘poor’ and ‘very poor’. We
categorized general health into ‘good general health’
(very good and good) and poor general health (fairly
good, poor and very poor). Feelings of anxiety/depres-
ston was defined as (yes, to a certain extent, and
highly) versus (no, I am not) and based on a question
about health today.

Psychosocial factors. Evaluation of low job control was
based on two questions from the well-established
Karasek & Theorell demand—job control question-
naire [21], that is: (a) ‘Do you have the freedom to
decide what work should be done’?; and (b) ‘Do you
have the possibility to learn new things and develop
through your work’? These had four responding
alternatives that each were categorized as (most of
the time and always) versus (almost never and never).
Social support was based on a question of having any
persons who can provide personal support to handle
personal problems or crisis’ in life. The question had
four responding alternatives, ‘yes’, always’, ‘yes, most
of the time’, ‘no, mostly not’, and ‘no, never’. In the
analysis ‘no, mostly not’ and ‘no, never’ were com-
bined and regarded as poor social support.

Analyses

Baseline characteristics, presented by numbers (%)
and proportions (%) by alcohol use in SPHC 2002
for all participants and participants with diabetes at
follow-up (2003-2011) are presented in Table 1.
First, age- and sex-adjusted odds ratios (ORs)
with 95% confidence intervals (CIs) for alcohol con-
sumption at baseline and type 2 diabetes (1-9 years
later) were estimated in a multivariable-adjusted
logistic regression analysis, with dummy variables
representing potential socioeconomic, health and
lifestyle, and psychosocial confounders. The effect of
each potential confounder was controlled for one at a
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Table I. Baseline characteristics (2002) of participants in the SPHC cohort according to alcohol consumption.
Alcohol consumption for an average week during the past year
All participants Type 2 diabetes at follow-up
Non-drinker Light Moderate High Non- Light Moderate High
(0-3.5 drinks/ (=3.5-12 (=12 drinker (0-3.5 (23.5-12 (=12 drinks/
week) drinks/week) drinks/week) drinks/week) drinks/week) week)
Total n (%) 974 (6.0) 3358 (20.7) 7838 (48.3) 4053 (25.0) 51 (9.0) 124 (22.0) 225 (39.8) 165 (29.2)
Men 310 (31.8) 977 (29.1) 3059 (39.0) 2660 (65.6) 22 (6.9) 51 (15.9) 118 (36.8) 130 (40.5)
Women 664 (68.2) 2381 (70.9) 4779 (61.0) 1393 (34.4) 29 (11.9) 73 (29.9) 107 (43.9) 35 (14.3)
Heavy episodic 28 (2.9) 159 (4.8) 770 (9.9) 1498 (37.2) 2 (4.1) 8 (6.6) 22 (9.9) 62 (38.3)
drinking
Socioeconomic
factors
Occupational
position
High 349 (38.5) 1595 (49.6) 4425 (58.6) 2299 (58.8) 11 (25.0) 39 (33.0) 111 (50.0) 85 (51.8)
Middle 158 (17.4) 577 (17.9) 1274 (16.9) 533 (13.6) 10 (22.7) 30 (25.6) 41 (18.5) 30 (18.3)
Low 399 (44.0) 1046 (32.5) 1854 (24.6) 1078 (27.6) 23 (52.3) 48 (41.3) 70 (31.5) 49 (29.9)
Unemployed 127 (14.2) 310 (9.7) 689 (9.1) 459 (11.6) 5(12.2) 10 (8.9) 10 (4.6) 16 (9.8)
Living alone 267 (27.5) 652 (19.5) 1271 (16.3) 789 (19.5) 18 (35.3) 28 (22.6) 46 (20.4) 40 (24.4)
Health and lifestyle
Age, years (mean) 49.7 47.5 47.4 47.1 56.9 56.8 57.8 55.0
BMI (mean) 25.2 24.6 24.4 25.1 28.0 28.8 28.4 28.3
High blood 113 (11.7) 357 (10.7) 762 (9.8) 460 (11.4) 14 (28.0) 41 (33.0) 82 (36.8) 55 (33.3)
pressure
Physically inactive 202 (21.5) 439 (13.4) 795 (10.3) 542 (13.5)  11(22.9) 26 (21.3) 33 (15.1) 29 (17.9)
Smoking (daily) 166 (17.7) 429 (12.8) 968 (12.4) 772 (19.1) 7 (14.0) 24 (19.5) 48 (21.3) 38 (23.2)
Poor general health 79 (8.2) 150 (4.5) 201 (2.6) 123 (3.1) 6 (11.8) 10 (8.1) 11 (4.9) 10 (6.1)
Anxiety/depression 395 (41.0) 1166 (35.1) 2624 (33.7) 1232 (32.9) 25 (49.0) 50 (40.3) 72 (32.3) 57 (34.6)
Psychosocial
factors
Low job control
Low freedom 203 (49.0) 1101 (45.5) 2493 (40.8) 1124 (35.1) 13 (46.4) 31 (39.2) 56 (36.4) 34 (28.8)
Low possibilities to 188 (31.4) 609 (25.2) 1244 (20.4) 646 (20.2) 7(25.0) 28(35.4) 38 (24.8) 28 (23.7)
develop
Poor social support 146 (15.2) 332 (10.0) 583 (7.5) 326 (8.1) 13 (25.5) 18 (14.8) 23 (10.3) 22 (13.3)

Data are given as numbers (#) and percent (%).

time. We then looked at the set of health and lifestyle
variables and the set of psychosocial variables, respec-
tively, in the same model.

Second, we stratified the participants into high
(high and middle) and low occupational groups.
Also, in this analysis we estimated age- and sex-
adjusted ORs with 95% CIs for alcohol consumption
at baseline and type 2 diabetes at follow-up, and
adjusted for socioeconomic, health and lifestyle, and
psychosocial variables one at a time and then the set
of health and lifestyle, and psychosocial variables
simultaneously.

In all regression analyses we used a system of
weights created for the SPHC to account for non-
response and the stratified sampling procedure.
These weights were constructed on the basis of
available auxiliary variables from different national
registers and their co-variation with survey data,

such as age, sex, country of birth, marital status,
income, education, sick-leave benefits and strata
[19,22]. By including these weights, the overrep-
resentation of, for example, well-educated women
in the data was taken into account. The analyses
were computed with the SAS Statistical Program
version 9.3.

Results

Out of 16,223 participants, 6% were non-drinkers,
21% light, 48% moderate and 25% had high con-
sumption (Table I). In non-drinkers 2.9% reported
HED, while 4.8% of light, 9.9% of moderate and
37.2% of high consumers reported HED. Non-
drinkers were more likely to have low occupational
position on the labour market (44%) compared to
moderate consumers (25%), to be unemployed (14%
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Table II. Odds ratios (ORs) and 95% confidence intervals (ClIs) for alcohol consumption (2002) in association with subsequent type 2

diabetes (2003-2011).

Non- Light

drinker (0-3.5 drinks/week)

Moderate High
(23.5-12 drinks/week) (=12 drinks/week)

OR (95% CI)

OR (95% CI) OR (95% CI)

—

Crude (age- and sex-adjusted)
Adjusted for(one by one)

Heavy episodic drinking 1
Socioeconomic factors

0.53 (0.33-0.85)

0.55 (0.34-0.89)

0.38 (0.24-0.59) 0.52 (0.32-0.86)

0.38 (0.24-0.61) 0.49 (0.30-0.82)

Occupational position

Unemployed
Living alone

Adjusted for all socioeconomic
Health and lifestyle

BMI

High blood pressure
Physically inactive

Smoking (daily)

Poor general health
Anxiety/depression
Adjusted for all health and lifestyle
Psychosocial factors

Low job control
Low freedom

Low possibilities to develop
Poor social support
Adjusted for all psychosocial

S Y g — =

—_

0.68 (0.42-1.11)
0.60 (0.35-1.01)
0.53 (0.33-0.85)
0.74 (0.43-1.27)

0.58 (0.36-0.93)
0.53 (0.33-0.86)
0.60 (0.37-0.97)
0.54 (0.33-0.86)
0.55 (0.34-0.88)
0.55 (0.34-0.87)
0.66 (0.40-1.10)

0.60 (0.32-1.14)
0.63 (0.33-1.20)
0.52 (0.33-0.84)
0.61 (0.32-1.16)

0.53 (0.33-0.86)
0.45 (0.27-0.74)
0.38 (0.24-0.60)
0.59 (0.35-1.00)

0.44 (0.27-0.70)
0.37 (0.24-0.59)
0.41 (0.26-0.66)
0.39 (0.24-0.61)
0.39 (0.25-0.63)
0.38 (0.24-0.60)
0.47 (0.29-0.79)

0.38 (0.21-0.71)
0.42 (0.22-0.77)
0.37 (0.24-0.59)
0.40 (0.22-0.79)

0.75 (0.45-1.26)
0.63 (0.37-1.07)
0.52 (0.32-0.86)
0.86 (0.49-1.49)

0.55 (0.33-0.92)
0.51 (0.31-0.85)
0.59 (0.36-0.98)
0.51 (0.31-0.84)
0.55 (0.33-0.90)
0.53 (0.33-0.87)
0.59 (0.34-1.00)

0.58 (0.31-1.10)
0.65 (0.33-1.25)
0.52 (0.32-0.86)
0.62 (0.32-1.20)

All analyses are controlled for age (18-44, 45-64 and 65-84) and sex.

versus 9%), and to live alone (28% versus 16%).
They also had slightly higher mean BMI (25.2 versus
24.4) and were older (mean age 49.7 versus 47.4).
Non-drinkers were also more likely to have high
blood pressure (12% versus 10%), to smoke (18%
versus 12%), to be physically inactive (22% versus
10%),to report poor general health and have feelings
of anxiety/depression (41% versus 34%) compared
to moderate drinkers (8% versus 3%).

In terms of psychosocial circumstances, non-
drinkers were more likely to experience low job con-
trol, for example, low freedom at work (49% versus
40.8%) and low possibilities to develop at work
(31.4% versus 20.4%) and report poor social sup-
port (15% versus 8%), compared to moderate con-
sumers. This implies that moderate drinkers in
overall constitute a healthier group compared to
non-drinkers.

On the contrary, when looking at baseline charac-
teristics in those with type 2 diabetes at follow-up
(before being aware of disease status), non-drinkers
had slightly lower mean BMI, were less likely to have
high blood pressure and were less likely to smoke
compared to moderate drinkers (Table I). In addi-
tion, non-drinkers with type 2 diabetes were more
likely to report poor health (12%) compared to mod-
erate drinkers (5%).

Compared to non-drinkers, all levels of alcohol
consumption (light, moderate and high) were
inversely associated with subsequent type 2 diabetes,
with the lowest ORs among moderate consumers
(sex- and age-adjusted OR=0.38; 95% CI: 0.24—
0.59) (Table II). Heavy episodic drinking (HED) did
not influence this association. The inverse association
among moderate consumers persisted also after
adjusting for occupational position (OR=0.53; 95%
CI: 0.33-0.86) and the set of health and lifestyle
(OR=0.47; 95% CI: 0.29-0.79) and psychosocial
factors (OR=0.40; 95% CI: 0.2-0.79). When adjust-
ing for the set of socioeconomic factors, the associa-
tion was still reverse but non-significant (OR=0.59;
95% CI: 0.35-1.0).

When stratified by high occupational position, the
inverse association between moderate alcohol use
and subsequent type 2 diabetes persisted when com-
pared with non-drinkers (sex- and age-adjusted
OR=0.47;95% CI: 0.24-0.93) (Table III). However,
although still inverse, this association was no longer
significant after adjusting for socioeconomic
(OR=0.67; 95% CI: 0.3-1.52), health and lifestyle
(OR=0.7; 95% CI: 0.32-1.5) and psychosocial fac-
tors (OR=0.75; 95% CI: 0.23-2.46).

Also, in the low occupational group there was an
inverse association between moderate consumption
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Table III. Odds ratios (ORs) and 95% confidence intervals (Cls) for alcohol consumption (2002) in association with subsequent type 2

diabetes (2003-2011) in participants with /zgh occupational position.?

Non- Light

drinker 0-3.5 drinks/week

Moderate High
>3.5-12 drinks/week >12 drinks/week

OR (95% CI)

OR (95% CI) OR (95% CI)

0.64 (0.32-1.31)

0.64 (0.31-1.30)

0.47 (0.24-0.93) 0.64 (0.32-1.30)

0.47 (0.24-0.92) 0.60 (0.29-1.24)

Crude (age- and sex-adjusted) 1
Adjusted for(one by one)
Heavy episodic drinking 1
Socioeconomic factors

Unemployed 1

Living alone

Adjusted for all socioeconomic
Health and lifestyle

BMI

High blood pressure
Physically inactive

Smoking (daily)

Poor general health
Anxiety/depression
Adjusted for all health and lifestyle
Psychosocial factors

Low job control
Low freedom

Low possibilities to develop
Poor social support
Adjusted for all psychosocial

—_ e e e e

—_

0.85 (0.36-1.99)
0.66 (0.32-1.35)
0.86 (0.36-2.02)

0.61 (0.29-1.29)
0.65 (0.31-1.34)
0.84 (0.40-1.78)
0.71 (0.34-1.50)
0.68 (0.34-1.38)
0.66 (0.33-1.36)
0.88 (0.39-1.97)

1.16 (0.34-3.92)
1.22 (0.35-4.19)
0.64 (0.31-1.30)
1.21 (0.35-4.15)

0.66 (0.29-1.48)
0.49 (0.25-0.96)
0.67 (0.30-1.52)

0.51 (0.25-1.03)
0.48 (0.24-0.94)
0.62 (0.30-1.25)
0.52 (0.26-1.03)
0.52 (0.26-1.01)
0.48 (0.25-0.93)
0.70 (0.32-1.49)

0.70 (0.22-2.25)
0.74 (0.23-2.44)
0.47 (0.24-0.93)
0.75 (0.23-2.46)

0.89 (0.38-2.07)
0.65 (0.32-1.33)
0.90 (0.38-2.10)

0.63 (0.30-1.32)
0.62 (0.30-1.28)
0.82 (0.40-1.71)
0.66 (0.32-1.35)
0.70 (0.35-1.40)
0.65 (0.32-1.31)
0.76 (0.35-1.67)

1.09 (0.32-3.64)
1.14 (0.33-3.90)
0.64 (0.31-1.30)
1.15 (0.34-3.94)

All analyses are controlled for age (18-44, 45—64 and 65-84) and sex.
aHigh occupational position (high- and medium-level non-manual employees and self-employed, and low-level non-manual employees).

and subsequent type 2 diabetes when compared to
non-drinkers; however, it was non-significant (sex-
and age-adjusted OR=0.55; 95% CI: 0.28-1.10
(Table IV). When adjusting for the set of psychoso-
cial factors, the results were virtually the same as
when adjusting for low job control, that is, low free-
dom at work and low possibilities to develop: the OR
decreased to 0.35 (95% CI: 0.15-0.82) and 0.39
(CI: 0.17-0.89), respectively.

Discussion

Our results support previous findings reporting that
moderate alcohol consumption is associated with a
reduced risk of type 2 diabetes [1,2,3] and extends
the knowledge by testing the potential confounding
by HED, socioeconomic and psychosocial factors.
While HED did not influence any of the associa-
tions, the inverse association was less stable after
adjusting for the set of socioeconomic factors. Also,
when we stratified by occupational position, there
was only a significant reverse association in those
with low occupational position and when adjusting
for low job control, while at the same time this was
the most important factor to attenuate the protective
effect from moderate alcohol intake in the high
occupational group.

It has been suggested that moderate alcohol drink-
ing is a general indicator of a well-integrated member
of our society with optimal social status, and with
better health and psychological characteristics com-
pared to abstainers [8]. This implies that socioeco-
nomic and psychosocial factors should be taken into
account when estimating the association of moderate
alcohol consumption and health outcomes. Still,
most common confounders in studies of alcohol and
diabetes only concern age, sex, BMI, smoking, pre-
existing disease, blood pressure, physical inactivity
and education [1]. Psychosocial stress is associated
with the development of type 2 diabetes and may
cause insulin resistance via psychoendocrine path-
ways [17,23,24]. Despite suspicion of residual con-
founding from psychosocial characteristics [8,15],
there is to our knowledge only one previous study
accounting for a range of stress factors, such as
demands at work, decision latitude, job strain, sense
of coherence and psychological distress, when ana-
lysing the possible protective effect of alcohol on type
2 diabetes [10]. Psychosocial stress did not explain
the inverse associations in that study. In our study,
psychosocial factors seemed important only when we
stratified by occupational position. It is puzzling that
the protective effects from moderate alcohol con-
sumption is restricted to those with low occupational
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Table IV. Odds ratios (ORs) and 95% confidence intervals (CIs) for alcohol consumption (2002) in association with subsequent type

2 diabetes (2003-2011) in participants with low occupational position.?

Non-
drinker

Light

0-3.5 drinks/week

OR (95% CI)

Moderate

>3.5-12 drinks/week

High
>12 drinks/week

OR (95% CI)

OR (95% CI)

Crude (age- and sex-adjusted)
Adjusted for(one by one)

Heavy episodic drinking
Socioeconomic factors

Unemployed
Living alone

Adjusted for all socioeconomic
Health and lifestyle

BMI

High blood pressure
Physically inactive

Smoking (daily)

Poor general health
Anxiety/depression
Adjusted for all health and lifestyle
Psychosocial factors

Low job control
Low freedom

Low possibilities to develop
Poor social support
Adjusted for all psychosocial

—_

bt bt ek et et

e

0.69 (0.36-1.36)
0.68 (0.35-1.33)

0.65 (0.32-1.30)
0.68 (0.35-1.34)
0.65 (0.32-1.30)

0.81 (0.41-1.61)
0.70 (0.35-1.37)
0.67 (0.33-1.33)
0.69 (0.35-1.35)
0.71 (0.36-1.40)
0.68 (0.35-1.35)
0.78 (0.37-1.63)

0.43 (0.19-0.98)
0.48 (0.21-1.07)
0.68 (0.34-1.34)
0.42 (0.18-0.96)

0.55 (0.28-1.10)

0.51 (0.26-1.00)

0.52 (0.25-1.04)
0.54 (0.27-1.07)
0.51 (0.25-1.04)

0.65 (0.32-1.31)
0.54 (0.27-1.08)
0.50 (0.24-1.02)
0.55 (0.28-1.10)
0.57 (0.28-1.15)
0.55 (0.27-1.11)
0.59 (0.27-1.27)

0.35 (0.15-0.82)
0.39 (0.17-0.89)
0.55 (0.28-1.11)
0.35 (0.15-0.83)

0.80 (0.38-1.68)
0.67 (0.32-1.39)

0.79 (0.37-1.67)
0.78 (0.37-1.65)
0.78 (0.37-1.67)

0.83 (0.39-1.81)
0.79 (0.37-1.67)
0.79 (0.38-1.66)
0.78 (0.37-1.65)
0.82 (0.39-1.74)
0.79 (0.38-1.65)
0.82 (0.37-1.79)

0.51 (0.22-1.21)
0.61 (0.25-1.49)
0.81 (0.38-1.71)
0.52 (0.22-1.24)

All analyses are controlled for age (18-44, 45-64 and 65-84) and sex.

2L.ow occupational position (unskilled and skilled workers).

position and only when taking low job control into
account. It has been shown that psychosocial stress
can explain a considerable part of the excess risk of
type 2 diabetes in lower socioeconomic groups [25],
and a biological explanation could be that moderate
alcohol intake counteracts stress-induced insulin
resistance in those with low occupational position.
With regard to the potential sick-quitter effect,
this may be a concern in our study. Unfortunately, we
do not have any information about lifetime abstain-
ers, occasional drinkers or former drinkers in our
study. Thus, the non-drinking group (those not
drinking during the past year), may be a combination
of lifetime abstainers as well as persons who gave up
drinking because they were unwell. A recent meta-
analysis showed that some beneficial effects disap-
peared when using lifetime abstainers as the reference
group [10]. While moderate consumers in our study,
among all respondents, were more likely to have high
occupational position, and more favourable health
and lifestyle and psychosocial circumstances com-
pared to non-drinkers, non-drinking type 2 diabetic
individuals at follow-up had slightly lower BMI and
were less likely to have high blood pressure and
smoke compared to moderate drinkers. This may
also imply that some had given up drinking due to
feelings of illness. However, the beneficial effects

from moderate consumption remained when we
adjusted for these factors. In addition, we checked
our health registers for persons with a prior hospitali-
zation due to alcohol-related diagnosis between 1972
and 2002, but we did not find any non-drinker with
type 2 diabetes at follow-up.

Men tend to drink more than women, and it
appeared that women’s consumption was around
one-third of that of men’s in our study. Two meta-
analyses have shown that moderate alcohol con-
sumption is associated with a lower risk of type 2
diabetes primarily in women [1,10], although other
studies have shown that it is limited to men [13]. In
the latest and largest of those meta-analyses [10],
where moderate consumption was associated with a
lower risk primarily in women, it was suggested,
although not measured, that a higher degree of HED
in men could be one explanation for these observed
sex-specific differences. It is also possible that bio-
logical pathways operate differently in men and
women, such as the effect of alcohol on insulin sen-
sitivity [26]. In our study we combined men and
women since our study sample was not sufficient
when stratifying by occupational position. However,
when we checked the associations among all respond-
ents based on the distribution of alcohol consumption
in men and women respectively, moderate consumption



was associated with a reduced risk of type 2 diabetes
in both sexes (data not shown). In addition, adjust-
ment for HED did not influence our results as men-
tioned above.

There are some methodological issues that may
influence our results. First, alcohol intake was based
on self-reported data and studies have shown that
people tend to underreport their consumption [27].
Since all respondents were diabetes free when filling
in the questionnaire, this misclassification is non-
differential and would, if anything, underestimate the
protective effects of consumption at moderate levels.
Furthermore, the potential confounders were also
based on self-reported data and any mismeasure-
ments in these may result in residual confounding.

A second issue is how well the two questions from
the original Karasek & Theorell questionnaire cap-
ture low job control. The original questionnaire com-
prises five items on demands that refer to the load of
work a person experiences, and six items on job con-
trol that describe a person’s skills and ability to mas-
ter his/her work activities [21]. The simplified way of
asking in our study could put its usefulness in ques-
tion. On the other hand, previous studies have under-
scored the importance of low job control in
association with type 2 diabetes [17]. Hence, possible
bias would be random misclassification of exposure
to low job control and would most likely underesti-
mate the confounding effect of low job control.

Third, type 2 diabetes is insidious and develops
gradually through pre-diabetes, a stage referred to as
impaired glucose tolerance (IGT), and may in the
early stages not be severe enough to give symptoms
of diabetes [28]. Studies have shown that alcohol is
also protective for IGT [11,29], and it is reasonable
to believe that not all participants were healthy at
baseline. Hence, it is possible that some had IGT or
even type 2 diabetes without knowing, and thus the
protective effect may be underestimated. A total of
261 persons that reported diabetes in the question-
naire did not appear in the health registers. The rea-
son is not known; however, some cases may have had
pre-diabetes, who received advice from a medical
doctor about lifestyle changes, or there may be
incomplete registration about their disease. Moreover,
we only measured alcohol use and other lifestyle fac-
tors at baseline, and many things can happen during
a person’s life during the nine years of follow-up, and
we could not control for these changes.

Strengths of our study were that we were able to
take HED as well as a number of socioeconomic,
health and lifestyle and psychosocial factors into
account. Moreover, all participants were free from
diabetes at baseline, and new cases were identified
and ascertained by questionnaire and by the national
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PR, with high coverage for most diseases, as well as
the VAL at follow-up. We also performed Cox regres-
sion analyses on annual register-based diabetes cases,
and although based on fewer cases, the results were
similar to those when estimating ORs.

Conclusions

To conclude, the results of our study suggest that
moderate alcohol consumption is associated with a
lower risk of type 2 diabetes, after adjusting for HED,
health and lifestyle, and psychosocial characteristics.
However, the inverse association was less stable when
accounting for socioeconomic factors, and the pro-
tective effect was, when stratified by high and low
occupational position, restricted to those with low
occupational position and after adjusting for low job
control. The reason for this is not known but implies
some influence of socioeconomic and psychosocial
factors in the alcohol and diabetes association. From
a public health and health care perspective, we sug-
gest future studies that focus on socioeconomic sub-
populations and take psychosocial factors into
account when analysing this association. The consist-
ently found protective effect of alcohol for diabetes is
important to disentangle further, since it may bias
estimates of the overall disease burden attributed to
alcohol, stemming from, for example, neoplasms,
injuries, alcohol use disorders and cirrhosis [30].
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