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Abstract

Objectives As smoking and unhealthy diet are more
prevalent in lower socioeconomic groups, this study aims
at exploring whether associations between smoking and
fruit and vegetable consumption are confounded by
socioeconomic conditions or if smoking is independently
associated with consumption.

Methods Cross-sectional analyses of 4,814 middle-aged
participants from the Heinz Nixdorf recall study, a popu-
lation-based cohort study in Germany. Fruit and vegetable
consumption was assessed by a food frequency question-
naire. Education and income were used as indicators for
socioeconomic groups. Logistic regression models were
run to estimate odds ratios for consumption by smoking
status.

Results Smoking is associated with poor consumption
of fruits and raw vegetables/salad in both genders, and
with poor consumption of boiled vegetables and fruit/
vegetable juice in men. Importantly, poor consumption is
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related to smoking independently of people’s socioeco-
nomic conditions.

Conclusion The findings imply that smokers in all
socioeconomic groups are at higher risk for unhealthy
intake of fruits and vegetables. Public health interventions
targeted to smokers should include dietary instructions.
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Socioeconomic groups - Diet - Co-occurrence
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Introduction

Tobacco smoking and unhealthy diet are key aspects of a
lifestyle that contributes to the risk of premature mortality
(Kant 2000; Huijbregts et al. 1997; Murray and Lopez
1996). It is commonly accepted that poor socioeconomic
conditions impair health-promoting dietary habits (Hulshof
et al. 2003; James et al. 1997; Johansson and Andersen
1998), by restricting financial resources to buy healthy
foods (Darmon et al. 2000; Drewnowski and Specter 2004),
by reducing accessibility to fresh foods (Moore and Diez
Roux 2006), and by inadequate knowledge of dietary
guidelines (Wardle et al. 2000). Similarly, high prevalence
of cigarette smoking among people in low socioeconomic
groups is well established (Cavelaars et al. 2000; Giskes
et al. 2005). Lack of knowledge about health-adverse
effects, poor coping behaviors and environmental or psy-
chosocial stressors due to socioeconomic adversity were
identified as main factors (Jarvis and Wardle 2006;
Schrijvers et al. 1999; Stronks et al. 1997). Given the fact
that tobacco consumption and malnutrition are more pre-
valent in lower socioeconomic groups, social inequalities
in those health-damaging behaviors are considered a key
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factor explaining the social gradient of morbidity and
mortality in advanced societies (Davey Smith and Brunner
1997; Schrijvers et al. 1999; Stronks et al. 1997).

It is generally assumed that unhealthy behaviors do not
manifest themselves in isolation, but are interrelated in
distinct patterned health-related lifestyles. For instance,
higher alcohol consumption (Ma et al. 2000) and lower
physical activity were observed among smokers compared
to non-smokers (Mensink et al. 1997). In a large cohort of
Finnish men, the co-occurrence of low physical activity,
excessive alcohol consumption and malnutrition was
highest in smokers, while non-smokers were thought to
generally live more health-conscious (Prittiléd et al. 1994).
Studies supporting this assumption demonstrated that
smokers were at increased risk of failing to meet the dietary
guidelines, in particular of exhibiting reduced intake of
fruits (Larson et al. 2007; Magretts and Jackson 1993;
Marangon et al. 1998) and vegetables (Larson et al. 2007;
Whichelow et al. 1988). However, some studies found no
associations with vegetable consumption (Whichelow et al.
1988) and associations between smoking status and the
intake of fat (Larson et al. 2007; Whichelow et al. 1988),
carbohydrates, and protein (Marangon et al. 1998; Nuttens
et al. 1992) are inconsistent.

As the occurrence of smoking and unhealthy diet is
more prevalent in lower socioeconomic groups (Cavelaars
et al. 2000; Giskes et al. 2005; Hulshof et al. 2003; James
et al. 1997; Johansson and Andersen 1998), it is important
to establish whether this association is due to the con-
founding effect of socioeconomic conditions or whether it
holds true independent of socioeconomic conditions. In the
former case, public health policy implications should be
directed primarily towards reducing the burden of socio-
economic inequalities. In the latter case, policy measures
should target dietary habits of smoking people, with
particular emphasis on people in lower socioeconomic
groups.

This study sets out to assess the co-occurrence of
smoking and poor fruit and vegetable consumption and to
analyze their association with socioeconomic groups in a
large population-based cohort study of middle-aged men
and women living in an urban environment in Germany.

Methods
Sample

Data were collected during the baseline examination of the
Heinz Nixdorf Recall (risk factors, evaluation of coronary
calcium, and lifestyle) (HNR) Study, a population-based
cohort study in Germany. The central aim of the HNR
Study is to improve prediction of coronary heart disease by

combining established with new cardiovascular risk
factors.

The study included men and women of the general
population, aged 45-75 years, living in three adjacent cities
of the densely populated Ruhr metropolitan area in Ger-
many. Random samples of the general population of Essen,
Bochum and Miihlheim aged 45-75 were drawn from
residents’ registration offices. Briefly, 4,814 participants
were recruited between 2000 and 2003. The baseline
response was 56% (Stang et al. 2005). The rationale and
design of the study have been described in detail elsewhere
(Schmermund et al. 2002; Stang et al. 2005). The study was
approved by the institutional local ethics committees and
comprises extended quality management procedures,
including a certification according to the DIN ISO
9001:2000. Informed consent was obtained from all
participants.

Measures

Socioeconomic and behavioral data were assessed by
trained personnel with standardized computer-assisted
face-to-face interviews and paper-and-pencil question-
naires. Level of education and income were chosen as two
alternative indicators of socioeconomic conditions. Edu-
cation was classified according to the International
Standard Classification of Education as total years of for-
mal education, combining school and vocational training
(UNESCO 1997). The continuous variable was grouped
into four categories (highest >18 years, equivalent to a
university degree; lowest <10 years, equivalent to a basic
school education and no vocational training). Income was
measured by equivalent household income, including
information on disposable income, household size and
number of adults and children according to OECD criteria.
For the following analyses, income distribution was divi-
ded into gender specific quartiles.

To gather information concerning smoking status,
respondents were asked questions about current and former
smoking. ‘Smokers’ were defined as ever smokers who
reported currently to smoke daily or regularly. ‘Ex-smok-
ers’ are those who reported that they quit smoking, and
‘never smokers’ are defined as those who never smoked
regularly. For all analyses, smoking status was categorized
into ‘current smokers’ and ‘non-smokers’ (combining ‘ex-
smokers’ and ‘never smokers’).

Given their frequent recommendation, fruits and vege-
tables are an important component of a healthy diet (Ding
and Mozaffarian 2006; Donaldson 2004). Information on
fruit and vegetable consumption and the intake of fruit or
vegetable juice was obtained as part of a self-administered
food frequency questionnaire (Schaeffler et al. 1996;
Winkler and Doring 1998). Frequency of intake was
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measured by a five-point scale including the categories
‘daily’, ‘4-6 times per week’, ‘1-3 times per week’, ‘1-3
times per month’, and ‘hardly ever or never’. With refer-
ence to fruit and vegetable consumption, the questionnaire
contained the items ‘fresh fruits’, ‘fresh raw vegetables/
salad’, ‘fresh boiled vegetables’ and ‘fruit/vegetable juice’.
Participants that reported consuming those items ‘hardly
ever or never’ or ‘1-3 times per month’ were categorized
as poor consumers.

Body mass index (BMI) and leisure time physical
activity were used as control variables in the multivariate
models. Weight and height were measured in a standard-
ized way in order to calculate BMI, leisure time physical
activity was assessed in a standardized personal interview.

Statistical analyses

First, socio-demographic characteristics and smoking sta-
tus of the study group were described (Table 1). As
research findings illustrate that health-risk behaviors are
particularly sensitive to gender differences (Johansson and
Andersen 1998), all analyses were performed for men and
women separately. Next, to investigate the association of
socioeconomic groups and fruit and vegetable consump-
tion, multivariate logistic regressions were run to test
whether odds ratios (OR) and its 95% confidence intervals
(CI) of poor fruit and vegetable consumption differ
according to the two socioeconomic indicators (highest

Table 1 Socio-demographic characteristics and smoking status of
baseline participants in the German Heinz Nixdorf Recall Study
(2000-2003), number and (%)

Men (n = 2,395) Women (n = 2,419)

Age (in years)

45-54 746 (31.1) 748 (30.9)
55-64 940 (39.2) 957 (39.6)
65-75 709 (29.6) 714 (29.5)
Education (in years)
>18 (high) 325 (13.7) 182 (7.5)
14-17 799 (33.6) 269 (11.1)
11-13 1,136 (47.7) 1,536 (63.6)
<10 (low) 120 (5.0) 427 (17.7)
Income
Highest quartile 613 (26.7) 574 (26.0)
2nd quartile 528 (23.0) 530 (24.0)
3rd quartile 592 (25.8) 536 (24.3)
Lowest quartile 561 (24.5) 570 (25.8)
Smoking status
Smokers 614 (25.7) 514 (21.3)
Ex-smokers 1,104 (46.3) 557 (23.1)
Never smokers 669 (28.0) 1,344 (55.7)

education as reference vs. lower education; highest income
as reference vs. lower income). As these results do not
address the central question of this study, only OR and its
95% CI for the final model were presented (Table 2). The
final model is controlled for variables that are usually taken
into consideration when studying social inequalities in diet
(age, BMI, leisure time physical activity, smoking, edu-
cation respectively income).

As smoking and unhealthy diet are more prevalent in
lower socioeconomic groups, the central aim of this study
is to explore whether associations between smoking and
fruit and vegetable consumption are confounded by
socioeconomic factors or if smoking is independently
associated with consumption. The following analyses were
computed to study this question: Using cross-tabulations,
the associations of poor fruit and vegetable consumption
with socioeconomic groups, stratified by smoking status is
shown in Tables 3 and 4. Then, multivariate logistic
regression models were applied to examine the central
question concerning smoking status and poor fruit and
vegetable consumption (Table 5). For this purpose, four
types of consecutive logistic regression models were per-
formed. In a first model, unadjusted OR (95% CI) by
smoking status were calculated for each one of the four
items concerning fruit and vegetable consumption to test
whether OR (95% CI) of infrequent consumption differ
according to smoking status (non-smokers as reference vs.
current smokers). In a second model, OR (95%) were
adjusted for age. Previous studies have adjusted for addi-
tional health-related behaviors (BMI, leisure time physical
activity) why those variables were included for the sake of
completeness into the third model. Finally, a fourth model
was adjusted for socioeconomic factors (education and
income) in order to assess if the association of smoking and
poor fruit and vegetable consumption is confounded by
socioeconomic conditions or if the effect of smoking on
consumption is independent of people’s socioeconomic
background.

Cases with missing data were excluded from multivar-
iate analyses. For all analyses, STATA Version 10.0 for
Windows was used (College Station, TX, USA).

Results

Table 1 presents a description of the study population.
Males generally earn more and reach higher education than
women. In women, the prevalence of never smokers is
significantly higher than in men.

Bivariate analyses concerning the association of smok-
ing and socioeconomic groups confirm a negative
association of smoking with both indicators of socioeco-
nomic conditions in men (highest educational group vs.
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Table 2 Poor consumption (<3 times per month) of fruits, vegetables, and juice by education and income odds ratios and (95% confidence

intervals)
Socioeconomic groups Fruits Raw vegetables/salad Boiled vegetables Fruit/vegetable juice
Men (n =2,244) (n = 2,226) (n = 2,226) (n =2,170)

>18 years of education (high) 1.00 1.00 1.00 1.00

14-17 years of education

11-13 years of education

<10 years of education (low)

Highest income quartile

2nd income quartile

3rd income quartile

Lowest income quartile
Women

>18 years of education (high)

14-17 years of education

11-13 years of education

<10 years of education (low)

Highest income quartile

2nd income quartile

3rd income quartile

Lowest income quartile

1.26 (0.80-2.00)
1.53 (0.97-2.43)
1.54 (0.78-3.07)
1.00

0.94 (0.65-1.36)
0.80 (0.54-1.19)
0.96 (0.66-1.41)
(n = 2,081)
1.00

1.39 (0.47-4.10)
2.19 (0.85-5.65)
2.83 (1.00-7.96)
1.00

0.85 (0.50-1.43)
0.75 (0.44-1.28)
0.90 (0.53-1.51)

1.21 (0.80-1.83)
1.81 (1.20-2.72)
3.31 (1.87-5.88)
1.00

1.10 (0.80-1.52)
0.88 (0.62-1.24)
0.88 (0.62-1.23)
(n = 2,082)
1.00

1.15 (0.50-2.64)
1.44 (0.70-2.97)
2.40 (1.10-5.25)
1.00

1.33 (0.85-2.07)
1.09 (0.69-1.72)
1.47 (0.95-2.29)

1.23 (0.81-1.86)
1.50 (0.99-2.28)
2.16 (1.16-4.04)
1.00

0.99 (0.71-1.39)
0.74 (0.51-1.07)
0.86 (0.60-1.23)
(n = 2,140)
1.00

1.47 (0.76-2.85)
1.02 (0.57-1.87)
1.49 (0.74-3.00)
1.00

0.57 (0.36-0.89)
0.71 (0.46-1.10)
0.87 (0.57-1.33)

1.37 (1.01-1.85)
1.68 (1.23-2.28)
2.02 (1.23-3.32)
1.00

1.05 (0.81-1.35)
0.98 (0.75-1.28)
1.22 (0.93-1.60)
(n = 2,068)
1.00

1.15 (0.75-1.77)
1.16 (0.80-1.69)
1.43 (0.92-2.21)
1.00

1.11 (0.85-1.45)
1.16 (0.88-1.52)
1.16 (0.88-1.52)

Odds ratios (95% confidence intervals) adjusted for age, body mass index, physical activity, smoking status, income respectively education

Table 3 Poor consumption of fruits, vegetables, and juice by education and income, stratified by smoking status for men [number and (%) of
participants with consumption less than 3 times per month]

Poor Education (in years) Income
consumption - -
Total >18 (high) 14-17 11-13 <10 (low) Total Highest 2nd 3rd Lowest
quartile quartile quartile quartile
Fruits
Total 317 (13.6) 31 (9.7) 88 (11.2) 176 (15.9) 22 (19.0) 307 (13.6) 72 (13.0) 77 (13.4) 63 (12.2) 95 (15.8)
Smokers 141 (23.9) 11 (19.0) 30 (19.6) 85(25.1) 15(37.5) 134(23.77) 32 (242) 31(25.6) 25(18.9) 46 (25.6)
Non-smokers 176 (10.1) 20 (7.6) 58 (9.2) 91 (11.8) 7 (9.2) 173 (10.3) 40 (9.5) 46 (10.1) 38 (9.8) 49 (11.6)
p from chi  0.000 0.008 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.000
Raw vegetables/salad
Total 436 (18.9) 38 (11.8) 118 (15.2) 242 (22.1) 38 (32.8) 425 (19.0) 89 (16.2) 115(20.0) 94 (18.4) 127 (21.4)
Smokers 151 (25.9) 9 (15.5) 33 (21.9) 95(28.4) 14 (35.0)0 147 (26.4) 28 (21.7) 35(28.2) 34 (26.4) 50 (28.7)
Non-smokers 285 (16.5) 29 (11.0) 85 (13.6) 147 (19.3) 24 (31.6) 278 (16.6) 61 (14.5) 80 (17.7) 60 (15.7) 77 (18.3)
p from chi> 0.000 0.333 0.011 0.001 0.709 0.000 0.050 0.009 0.007 0.005
Boiled vegetables
Total 355 (15.4) 40 (12.5) 106 (13.6) 183 (16.7) 26 (22.4) 342 (15.3) 84 (15.3) 94 (163) 67 (13.1) 97 (16.3)
Smokers 125 (21.4) 12 (21.1) 28 (18.4) 73 (219) 12(29.3) 119 (21.4) 31 (23.7) 27 (22.5) 25(19.2) 36 (20.7)
Non-smokers 230 (13.3) 28 (10.7) 78 (12.4) 110 (14.4) 14 (18.7) 223 (13.3) 53 (12.7) 67 (14.7) 42 (11.0) 61 (14.5)
p from chi’  0.000 0.032 0.051 0.002 0.191 0.000 0.002 0.039 0.016 0.064
Fruit/vegetable juice
Total 915 (40.6) 94 (29.8) 283 (37.3) 481 (45.0) 57 (51.4) 886 (40.7) 193 (35.4) 221 (39.7) 197 (39.6) 275 (47.7)
Smokers 273 (48.0) 22 (40.0) 58 (39.5) 173 (52.7) 20 (51.3) 263 (48.4) 57 (44.5) 52 (43.3) 57(452) 97(574)
Non-smokers 642 (38.1) 72 (27.6) 225 (36.8) 308 (41.5) 37 (51.4) 623 (38.1) 136 (32.6) 169 (38.7) 140 (37.6) 178 (43.6)
p from chi?  0.000 0.067 0.554 0.001 0.991 0.000 0.014 0.335 0.131 0.003
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Table 4 Poor consumption of fruits, vegetables, and juice by education and income, stratified by smoking status for women [number and (%) of

participants with consumption <3 times per month]

Poor Education (in years) Income
consumption 3 -
Total >18 (high) 14-17 11-13 <10 (low) Total Highest 2nd 3rd Lowest
quartile quartile quartile quartile
Fruits
Total 150 (6.4) 5 (2.8) 12 (4.5) 102 (6.8) 31 (7.7) 137 (6.3) 35 (6.2) 31 (5.9) 31 (5.9) 40 (7.2)
Smokers 64 (13.00 13.3) 6 (8.5) 49 (149) 8 (12.3) 57 (12.6) 14 (11.3) 13 (13.0) 11 (10.3) 19 (15.6)
Non-smokers 86 (4.6) 427 6 (3.1) 53 (4.5) 23 (6.8) 80 (4.7) 21 (4.8) 18 (4.3) 20 (4.8) 21 (4.9)
p from chi®  0.000 0.835 0.063 0.000 0.125 0.000 0.008 0.001 0.033 0.000
Raw vegetables/salad
Total 244 (10.5) 10 (5.5) 20 (7.6) 146 (9.8) 68 (17.3) 225 (10.5) 40 (7.2) 56 (10.8) 52 (10.1) 77 (14.1)
Smokers 78 (15.8) 3 (10.0) 8 (11.3) 45(13.8) 22(328) 72(159) 14(114) 18(18.0)0 13 (12.00 27 (22.1)
Non-smokers 166 (9.0) 7 (4.6) 12 (6.2) 101 (8.7) 46 (14.1) 153 (9.1) 26 (6.0) 38 (9.0) 39 (9.6) 50 (11.8)
p from chi®  0.000 0.240 0.169 0.006 0.000 0.000 0.039 0.009 0.456 0.004
Boiled vegetables
Total 216 9.2) 17 (94) 33 (12.5) 125(8.3) 41 (10.1) 200 (9.3) 64 (11.4) 35(6.7) 45 (8.6) 56 (10.2)
Smokers 64 (13.0) 3 (10.0) 14 (19.7) 36 (11.0) 11 (17.2) 59 (13.1) 22(17.7) 9 (8.7 13 (124) 15 (12.6)
Non-smokers 152 (8.2) 14 (9.3) 19 (9.8) 89 (7.6) 30 (8.8) 141 (8.3) 42 (9.6) 26 (6.2) 32 (7.7) 41 (9.6)
p from chi  0.001 0.909 0.030 0.049 0.040 0.002 0.012 0.344 0.123 0.311
Fruit/vegetable juice
Total 860 (37.8) 56 (31.5) 92 (36.4) 544 (37.3) 168 (43.3) 779 (37.3) 187 (34.4) 195 (38.4) 179 (35.5) 216 (41.1)
Smokers 191 (39.7) 10 (33.3) 27 (40.9) 127 (39.7) 27 (41.5) 176 (40.0) 42 (35.6) 40 (40.8) 43 (40.6) 51 (43.2)
Non-smokers 669 (37.2) 46 (31.1) 65 (34.8) 417 (36.6) 141 (43.7) 603 (36.6) 147 (34.1) 155 (37.8) 136 (34.1) 165 (40.5)
p from chi® 0319 0.809 0.372 0.315 0.754 0.192 0.763 0.582 0.215 0.602
lowest educational group: 18.2 vs. 34.2% smokers; highest In women, smokers are at higher risk for poor

income quartile vs. lowest income quartile: 23.9 vs. 30.2%
smokers). In women, no consistent social patterns of
smoking habits were observed.

Table 2 presents adjusted multivariate results regarding
the association of socioeconomic groups and poor fruit and
vegetable consumption. Results reveal consistent associa-
tions of low education and infrequent consumption of fruits
and vegetables. In lower educated men OR for poor con-
sumption of raw vegetables/salad, boiled vegetables and
fruit/vegetable juice are significantly elevated. In women,
strong educational gradients are observed for low intake
frequency of fruits and raw vegetables/salad. Interestingly,
no consistent associations between poor fruit and vegetable
consumption and income could be detected.

The distribution of participants with poor consumption of
fruits and vegetables by education and income stratified by
smoking status is given in Table 3 for men and in Table 4 for
women. In men, smoking is strongly associated with poor
fruit and vegetable consumption in a majority of educational
and income groups. Weaker associations are found for
infrequent intake of fruit/vegetable juice, although results
indicate that smokers are at higher risk for poor consumption
across most socioeconomic groups (Table 3).

consumption of fruits and raw vegetables/salad than non-
smokers in most socioeconomic groups. Less marked dif-
ferences between smokers and non-smokers are observed for
boiled vegetables, although results show that smoking is
related to infrequent consumption in all educational and
income groups. However, the intake of fruit/vegetable juice
is not consistently associated with smoking status (Table 4).

Multivariate results for the central question concerning
the co-occurrence of poor fruit and vegetable consumption
and smoking are reported in Table 5. In men, smoking is
strongly associated to all studied items concerning infre-
quent fruit and vegetable consumption. In women, odds
ratios for poor consumption of fruits and raw vegetables/
salad are significantly elevated in smokers. Importantly,
odds ratios of smoking on poor consumption are not
reduced in any systematic way after final adjustment for
socioeconomic conditions. This consistent finding supports
the notion that low consumption frequency of fruits, raw
vegetables/salad (both genders), boiled vegetables, and
juice (only in men) is related to smoking independent of
people’s socioeconomic condition.

Whereas their co-occurrence is higher among people in
lower socioeconomic groups (especially among men in this
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Table 5 Poor consumption (<3 times per month) of fruits, vegetables, and juice by smoking status, odds ratios and (95% confidence intervals)

Smoking status Fruits Raw vegetables/salad Boiled vegetables Fruit/vegetable juice
Men (n = 2,244) (n = 2,226) (n = 2,226) (n =2,170)
Non-smokers 1.00 1.00 1.00 1.00
Smokers
Model 1* 2.72 (2.12-3.50) 1.79 (1.43-2.26) 1.80 (1.41-2.31) 1.50 (1.24-1.83)
Model 2° 2.45 (1.90-3.16) 1.80 (1.43-2.28) 1.62 (1.26-2.09) 1.54 (1.26-1.88)
Model 3¢ 2.10 (1.61-2.73) 1.59 (1.25-2.02) 1.51 (1.17-1.96) 1.38 (1.13-1.70)
Model 49 2.03 (1.55-2.64) 1.50 (1.18-1.92) 1.46 (1.13-1.91) 1.31 (1.06-2.61)
Women (n =2,081) (n =2,082) (n = 2,140) (n = 2,068)
Non-smokers 1.00 1.00 1.00 1.00
Smokers
Model 1* 2.82 (1.97-4.04) 1.86 (1.38-2.53) 1.67 (1.20-2.31) 1.16 (0.94-1.44)
Model 2° 2.68 (1.84-3.91) 2.09 (1.52-2.88) 1.42 (1.01-1.99) 1.19 (0.94-1.47)
Model 3¢ 2.58 (1.75-3.81) 2.10 (1.52-2.91) 1.32 (0.93-1.86) 1.16 (0.93-1.47)
Model 49 2.54 (1.72-3.76) 2.06 (1.48-2.87) 1.29 (0.92-1.83) 1.15 (0.92-1.45)

# Model 1: unadjusted
 Model 2: adjusted for age
¢ Model 3: adjusted for age, body mass index, and physical activity

9 Model 4: adjusted for age, body mass index, physical activity, and socioeconomic groups (income and education)

study), no interaction effect of socioeconomic conditions
and smoking on poor fruit and vegetable consumption was
observed (results not shown).

Discussion

In this study of an unselected middle-aged urban popula-
tion in Germany, smoking was strongly related to poor
consumption of fruits and vegetables. The risk of poor
consumption of all four items concerning fruits and vege-
tables was significantly increased among smoking
compared to non-smoking men after adjusting for socio-
economic conditions. A similar trend was observed among
smoking women where significant effects were evident for
two out of four items, fruits and raw vegetables/salad.

Associations of smoking with low intake of fruits (Larson
et al. 2007; Magretts and Jackson 1993; Marangon et al.
1998) and vegetables (Larson et al. 2007; Whichelow et al.
1988) were reported previously although other studies found
no associations with vegetable consumption (Whichelow
et al. 1988). To our knowledge, this is one of the first reports
of unfavorable effects of smoking on consumption of fruits
and vegetables that provides a systematic analysis of the role
of socioeconomic conditions where a consistent elevation of
odds ratios was observed after adjustment for socioeco-
nomic variables.

In addition, the results of this study showed an associ-
ation of socioeconomic groups, as measured by educational
degree, with poor fruit and vegetable consumption where

less favorable education was related to poor intake fre-
quencies. In men, but not in women, socioeconomic groups
were additionally related to smoking behavior. Associa-
tions of socioeconomic conditions with poor consumption
of fruits and vegetables were less consistent in case of
income, thus supporting the importance of attitudes and
behaviors triggered by education, such as information
seeking and processing with relevance to diet (Rutten et al.
2006; Tu and Cohen 2008), or implementation of respec-
tive knowledge into every day life (Wardle et al. 2000;
Moser et al. 2005).

Why is smoking associated with poor fruit and vegetable
consumption? One answer points to a general health
neglect of smokers that includes a lack of knowledge about
diet and failing motivation towards health-promoting
behavior (Woodward et al. 1994). A second answer con-
cerns differential taste preference according to smoking
status where chronic nicotine inhalation impairs gustatory
sensitivity (Redington 1985), reducing taste preference for
fruits and fruit juices while enhancing preference for
unhealthy food such as fried food or white bread (Grung-
berg 1982; Marangon et al. 1998). Early life conditions
may offer an additional explanation (Power and Kuh 2006),
but it was not possible to test any of these potential
explanations in this study.

Social desirability in reporting dietary habits among
lower income and educational groups may be one reason
for some inconsistency of reported results. It has been
observed that socially desired answering is more prevalent
in people with low socioeconomic groups (Pryer et al.
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1997). Yet, if this was the case, reported associations tend
to be underestimated. Another potential reason for the
inconsistent association of income with fruit and vegetable
consumption may be due to the fact that high income
groups (mostly working men and women) have less time to
purchase fresh fruits and vegetables and prepare healthy
meals, or often eat apart from home. These conditions were
related to poor diet quality (Le Francois et al. 1996).

This study has several limitations. Findings are based on
cross-sectional data, thus preventing any conclusion about
causal association. Second, the sample of this study may
not be fully representative of middle-aged urban people in
Germany. Analysis of non-responding patterns showed that
people in lower socioeconomic groups were slightly
underrepresented in the sample and that the same holds true
for smokers (Stang et al. 2005). It cannot be excluded that
under-representation of smokers in low socioeconomic
groups in the analysis of this study may restrict the gen-
eralization of the findings. In addition, the size of groups
with different socioeconomic conditions varied widely,
specifically in case of education where the group with
lowest educational degree was particularly small. A further
limitation concerns the use of a food frequency question-
naire where retrospective reporting bias cannot be
excluded. Estimates of mean intake frequency may vary
according to socioeconomic groups and, thus, account for
some part of the observed association. Imprecise mea-
surement is an additional query as the size of single
portions or the precise amounts of fruits and vegetables
consumed were not assessed.

Despite these limitations, this study has several strengths.
The study population is based on a large community sample
rather than on some selected group, and data meet high
quality standards. Two different internationally established
indicators of socioeconomic groups were introduced, and
associations were analyzed on the basis of multivariate
regression analysis, taking important confounders into
account. Four variables describing fruit and vegetable con-
sumption were assessed, thus allowing a differential
exploration of consumption habits. Finally, the overall
response rate of this study was similar to other population-
based investigations in this field (Stang et al. 2005).

In terms of public health policy implications two con-
clusions can be drawn from the findings of this study. First,
as education is more strongly related to poor consumption
of fruits and vegetables than income, health literacy and
other mediators linking educational skills and capabilities
with attitudes, motivations and behaviors concerning the
intake of fruits and vegetables need to be targeted in pri-
mary prevention. Disproportionably high efforts should be
directed towards people in low socioeconomic groups at all
age levels. Second, health promoting activities in the field
of smoking prevention and smoking cessation should pay

special attention to the risks of low consumption of fruits
and vegetables that are associated with smoking. Among
those who nevertheless continue to smoke dietary instruc-
tions and access to healthy foods such as fruits and
vegetables should be encouraged.

In conclusion, results of this study confirm strong
associations of smoking with poor consumption of fruits
and vegetables in different socioeconomic groups. Given
this co-occurrence, targeted interventions and preventive
activities across the social gradient are required.
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