
RESEARCH Open Access

Classification tree analysis for an
intersectionality-informed identification of
population groups with non-daily
vegetable intake
Emily Mena1,2*, Gabriele Bolte1,2 and on behalf of the Advance Gender study group

Abstract

Background: Daily vegetable intake is considered an important behavioural health resource associated with
improved immune function and lower incidence of non-communicable disease. Analyses of population-based data
show that being female and having a high educational status is most strongly associated with increased vegetable
intake. In contrast, men and individuals with a low educational status seem to be most affected by non-daily
vegetable intake (non-DVI). From an intersectionality perspective, health inequalities are seen as a consequence of
an unequal balance of power such as persisting gender inequality. Unravelling intersections of socially driven
aspects underlying inequalities might be achieved by not relying exclusively on the male/female binary, but by
considering different facets of gender roles as well. This study aims to analyse possible interactions of sex/gender or
sex/gender related aspects with a variety of different socio-cultural, socio-demographic and socio-economic
variables with regard to non-DVI as the health-related outcome.

Method: Comparative classification tree analyses with classification and regression tree (CART) and conditional
inference tree (CIT) as quantitative, non-parametric, exploratory methods for the detection of subgroups with high
prevalence of non-DVI were performed. Complete-case analyses (n = 19,512) were based on cross-sectional data
from a National Health Telephone Interview Survey conducted in Germany.

Results: The CART-algorithm constructed overall smaller trees when compared to CIT, but the subgroups detected
by CART were also detected by CIT. The most strongly differentiating factor for non-DVI, when not considering any
further sex/gender related aspects, was the male/female binary with a non-DVI prevalence of 61.7% in men and
42.7% in women. However, the inclusion of further sex/gender related aspects revealed a more heterogenous
distribution of non-DVI across the sample, bringing gendered differences in main earner status and being a blue-
collar worker to the foreground. In blue-collar workers who do not live with a partner on whom they can rely on
financially, the non-DVI prevalence was 69.6% in men and 57.4% in women respectively.
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Conclusions: Public health monitoring and reporting with an intersectionality-informed and gender-equitable
perspective might benefit from an integration of further sex/gender related aspects into quantitative analyses in
order to detect population subgroups most affected by non-DVI.

Keywords: Intersectionality, Public health monitoring, Public health reporting, Sex/gender, Gender roles, Vegetable
intake, CART, CIT, Health promotion, Public health

Background
Frequent and high intake of vegetables is considered an
important behavioural health resource, associated with
improved immune function [1] and lower incidence of
non-communicable disease [2]. Empirical evidence from
an umbrella review, including results based on cohort
studies, supports particular protective effects in light of
all-cause mortality, cardiovascular diseases, cancer and
depression [3]. In line with this, insufficient vegetable in-
take has been shown to be associated with specific dis-
eases such as haemorrhagic and ischaemic stroke,
oesophageal cancer and ischaemic heart disease [4].
Using population-based data sources, Stea et al. [5] ex-

amined vegetable consumption according to gender,
educational attainment and regional affiliation in Europe
and found that being female and having a high educa-
tional status was associated with increased vegetable in-
take. Focusing on sex/gender as the most prominent
characteristic discussed for non-daily vegetable intake at
the population-scale [5–7], differences between women
and men seem to remain quite stable across age and
educational groups [6, 7] as well as marital status and
place of residence [6].
Public health promotion with the aim to increasing

vegetable and fruit consumption is based on recommen-
dations for at least 400 g of edible vegetables and fruit
per day, and is part of a global strategy with targeted
campaigns and programs being strongly encouraged by
the WHO [8]. The National Cancer Institute (NCI), the
national health authority and lead federal agency for the
campaign in the U.S., has initiated key initiatives to in-
crease consumption of fruit and vegetables mainly by
targeting men and increasing availability of fruits and
vegetables in schools. Based on the observation of higher
prevalence of non-daily vegetable intake in men when
compared to women, men are prioritized when defining
certain population groups as proper recipients for health
promoting interventions [7].
However, relying on the male/female binary in

quantitative analyses as in the aforementioned studies
might conceal heterogeneity within the categories
male or female [9]. Taking such intragroup differ-
ences into account might be crucial for the develop-
ment of intervention strategies. This has been
illustrated by the work of legal scholar Kimberle
Crenshaw. Crenshaw (1989) coined the term

intersectionality to describe the ways in which experi-
ences of discrimination interact for individuals who
are positioned at the intersection of different social
systems or identities. In the context of identity polit-
ics and social justice, she developed an argument fo-
cusing on the intersections of gender, race and class
domination, centring the experiences of women of
colour living in the U.S.. Crenshaw (1989) elaborated
on how intervention strategies which are based exclu-
sively on experiences of women are of limited help to
women of colour who, because of the intersections of
gender, race and class, face different obstacles than
white women. Since women of colour in the U.S. are
often confronted with poverty, childcare responsibil-
ities and the lack of formal vocational training, the
lived experiences of this population group were likely
to be different when compared to other female popu-
lation groups (Crenshaw 1989). Meanwhile, the con-
cept of intersectionality is gaining popularity across
different disciplines (Bauer 2021) including public
health (Bowleg 2012). Most notably, Hancock (2007),
McCall (2005) and Bauer (2021) have advanced the
translation of the principles of intersectionality into
quantitative research. Taken together, it can be
emphasised that incorporating the concept of inter-
sectionality into quantitative health analyses might
help uncovering the distribution of the burden of dis-
ease across social locations by taking intersections of
socially driven differences into account [10]. Conse-
quently, the consideration of socio-cultural, socio-
demographic and socio-economic factors in conjunc-
tion with further sex/gender related aspects in multi-
variable analyses based on data drawn from
population-based studies could assist in unmasking
some of the possible sex/gender related heterogeneity
in non-daily vegetable intake. This heterogeneity
might be overlooked when relying merely on the bin-
ary sex/gender variable. Decentralising a trait like “be-
ing” male or female and considering other sex/gender
related aspects such as gender roles, which are trans-
formable social factors, might strengthen public health
monitoring and reporting and its sex/gender sensitiv-
ity. As a consequence, a more differentiated under-
standing of heterogeneity between and within the
groups of men and women might be attained. This
could serve as a fertile ground for the development
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and implementation of targeted interventions for the
promotion of daily vegetable intake, incorporating a
gender equitable perspective.
From a statistical point of view, classification tree ana-

lysis is a quantitative, non-parametric, exploratory method
suitable for analysis of interactions from an
intersectionality-informed perspective, which can support
the detection of subgroups with higher or lower preva-
lence of certain diseases or related risk factors [11, 12]. In
contrast to other parametric procedures, classification tree
analysis makes no distributional assumptions, neither on
the outcome nor on the predictor variables, and is not af-
fected by collinearities, outliers, heteroscedasticity, or dis-
tributional error structures [13]. There are various
decision tree algorithms available, for example the com-
monly used “Classification and Regression Tree” (CART)
[11], and the “Conditional Inference Tree” (CIT) [14].
Even though classification tree methods were originally
developed to be able to deal with low sample sizes when
analysing rare diseases in the medical field [11, 15], they
are increasingly being recommended for analysis of data
collected for surveillance purposes as well [16]. Therefore,
it is not surprising that the application of classification
trees is increasing in public health [16]. While compari-
sons of prevalence rates are most commonly analysed
across strata of only one or two independent variables, es-
pecially in public health monitoring and reporting, classifi-
cation trees allow for making better use of available
surveillance data by facilitating the analysis of a variety of
independent variables simultaneously [16]. Accordingly,
use of classification trees may support a more precise
identification of population groups that are heterogeneous
in terms of non-daily vegetable intake. So far, however,
classification tree analysis of population-based data to
identify population groups differing in prevalence of non-
daily vegetable intake seem to be scarce and, if conducted,
are done without comprehensively considering sex/gender
related aspects such as gender roles [17, 18]. Conse-
quently, the aim of our present analysis was (1) to explore
possible interactions of sex/gender or sex/gender related
aspects with a variety of different socio-cultural, socio-
demographic and socio-economic variables from an
intersectionality-informed perspective and (2) to compare
the results of two different decision tree algorithms. In the
present study, we based our analyses on comprehensive
public health monitoring data from Germany and com-
pared the results of CART and CIT for building classifica-
tion trees with non-daily vegetable intake as the outcome.

Methods
Study sample
The present study is based on the National Health Tele-
phone Interview Survey ‘GEDA - German Health Up-
date’ [GEDA 2009]. This cross-sectional, representative

survey is repeatedly conducted by the Robert Koch Insti-
tute (RKI) as part of a nationwide public health monitor-
ing system for diseases and health behaviour. The
random sample of telephone numbers for the computer-
assisted telephone interviews of the GEDA survey were
drawn according to the Gabler-Häder method [19]. The
participants of GEDA 2009 were randomly selected,
German speaking adults (age range: 18–100 years), who
were registered in Germany (n = 21,262). The cooper-
ation rate for participants, measured as the proportion
of realised interviews with individuals that have been
contacted was 51.2% [19]. Further details about design,
methods and nationwide representativeness of the study
population of the GEDA 2009 survey have been de-
scribed elsewhere [20]. The final study sample of the
present study comprised 19,512 participants overall.

Health-related outcome: non-daily vegetable intake (non-
DVI)
Frequency of vegetable intake was assessed by asking
study participants the following question: How often do
you eat vegetables? The following answer categories
were offered: every day, at least once a week, less than
once a week, never/ I do not know. The variable for
vegetable intake in the present study was dichotomized
into daily (every day) vs non-daily (at least once a week,
less than once a week, never/ I do not know).

Socio-cultural, socio-demographic and socio-economic
variables
We selected the following nine variables of GEDA 2009,
capturing different sociocultural, socio-demographic and
socio-economic dimensions: Sex/gender [forced choice:
female, male], Age [in years: 18–29, 30–39, 40–49, 50–59,
60–69, 70–79, 89+]; Education [categorized according to
ISCED 1997 EU-classification: high, medium, low]; Em-
ployment status [full-time, part-time, occasionally, not
working], Professional status [blue-collar worker, white-
collar worker, civil servant, freelancer, helping family, no
profession, else]; Marital status [married, married - living
separately, unmarried, divorced, widowed]; Disability sta-
tus [yes, no]; Migration background [21] [two-sided (non-
German citizenship, respondent immigrated to Germany
after birth or both parents not born in Germany), one-
sided (one parent not born in Germany), no (without mi-
gration background)]; Urbanity/rurality [big city, city,
rural, very rural].

Sex/gender related aspects
In reference to a gender concept which has been devel-
oped at the Canadian Institutes of Health Research and
has also served as a basis for the development of a com-
posite measure of gender [22, 23], we defined six avail-
able variables of GEDA 2009 as sex/gender related
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aspects indicating possible mechanisms underlying sex/
gender differences in health [24, 25]: Family constella-
tion [with partner and child(ren), with partner and no
child(ren), no partner and with child(ren); no partner
and no child(ren)]; Main earner status [main wage
earner in the household: one person household, re-
spondent herself/himself, partner, other, there is no
main wage earner]; Perceived social support measured
by the 3-item Oslo Scale (low, medium, high) [26, 27];
Burden due to household responsibilities [5-point
Likert-scale: 1 (not at all), 2, 3, 4, 5 (a lot)]; Burden due
to childrearing responsibilities [5-point Likert-scale: 1
(not at all), 2, 3, 4, 5 (a lot)]; Burden due to informal
care responsibilities [5-point Likert-scale: 1 (not at all),
2, 3, 4, 5 (a lot)].

Statistical analysis
The complete case analyses were based on data from
study participants of GEDA 2009 providing information
about the frequency of vegetable intake and relevant
covariables (total sample n = 19,512, 8381 men and
11,156 women). We pursued two analytical strategies
with different combinations of the binary sex/gender
variable, socio-cultural, socio-demographic and socio-
economic variables as well as sex/gender related aspects.
In strategy 1 we included socio-cultural, socio-
demographic and socio-economic variables and the bin-
ary sex/gender variable. In strategy 2 we included socio-
cultural, socio-demographic and socio-economic and
sex/gender related aspects and subsequently calculated
proportions of men and women within the identified
subgroups of the model. First, descriptive statistics of all
covariables and the prevalence of non-DVI within each
category were computed. Second, in order to detect sub-
groups with differences in prevalence of non-DVI, the
classification task was performed with CART [11] and
CIT [14] as decision tree building algorithms using the
rpart package [28], partykit package [14, 29] and R 3.6.1
[30]. The CART algorithm represents a popular decision
tree technique, which has been criticised for not having
a concept of statistical significance. The newer CIT-
approach follows formal statistical procedures in each
splitting step [14, 31]. Since no straightforward recom-
mendation is available on which algorithm and specifica-
tions for complexity parameter (cp) in CART or α-level
in CIT should be preferred in light of public health
monitoring data, we compared different specifications in
our analyses by calculating in total 8 classification trees,
4 for each of the aforementioned strategies. The 2
CART-analyses were conducted using either cp = 0.01
(default specification in R) or cp = 0.005. The selection
of the final tree model was based on the cross-validation
estimates of the error of the sub-trees of the initial tree,
along with the standard errors of the respective

estimates. Correspondingly, fitted trees were ‘pruned’ ac-
cording to the 1-SE rule to develop a tree with the best
size and lowest misclassification rate by selecting the
least complex tree whose error was within one standard
error above the tree with the smallest cross-validated
error [11]. The 2 CIT-analyses were conducted using ei-
ther α-level = 1% or α-level = 0.1% both with Bonferroni
correction. In order to keep the size of the tree and the
results interpretable, we did not use the default specifi-
cation in R of α-level = 5%. In all models, cost weights
were assigned to equally distribute sums of weights for
cases and non-cases, thereby assigning equal importance
to sensitivity and specificity [32]. The minimum node
size allowed in a terminal node was restricted to contain
at least 1% of the overall analysis population. No other
survey-specific weighting factors were applied. Un-
weighted percentage of population as well as prevalence
of non-DVI were calculated for each node separately. In
strategy 2, which does not include the sex/gender binary
as a covariable, we calculated proportions of men and
women within the identified subgroups of the model.
Subsequently we computed prevalence of non-DVI for
men and women separately as well as the resulting abso-
lute difference in prevalence.

Results
The study population (n = 19,512) comprised overall
50.9% individuals with non-DVI (at least once a week:
46.9%, less than once a week: 3.5%, never/ I do not
know: 0.4%). Prevalence in the male population (n =
8372) was 61.7%, prevalence in the female population
(n = 11,140) 42.7%, respectively. Socio-cultural, socio-
demographic and socio-economic of the study popula-
tion and the prevalence of non-DVI within categories of
these characteristics are shown in Table 1. Prevalence of
non-DVI ranged overall between 40.6–62.4%. Lowest
prevalence of non-DVI across categories of all socio-
cultural, socio-demographic and socio-economic (range:
40.6 - 48.9%) was found for helping family members,
women, working part-time, freelancer, high education,
individuals aged 60+, having a two-sided migration back-
ground, being married or living in a big city. Compari-
son of individuals with or without disability status
showed almost no difference in prevalence with approxi-
mately 51% for both subgroups. Highest prevalence
across categories of all socio-cultural, socio-demographic
and socio-economic variables (range: 62.4 - 51.3%) was
found for blue-collar workers, men, low education, being
unmarried or divorced, living in a very rural area, indi-
viduals under 60 years of age or having no migration-
background. A gradient with monotonously increasing
prevalence of non-DVI across categories was visible with
regard to education or migration background.
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Table 1 Socio-cultural, socio-demographic and socio-economic characteristics of the study population and prevalence of non-daily
vegetable

Socio-cultural, socio-demographic and socio-economic variables Proportion of
characteristic
% (n)

Prevalence of
non-daily vegetable intake
% (n)

N 100 (19512)

Sex/gender

Female 57.09 (11140) 42.67 (4753)

Male 42.91 (8372) 61.73 (5168)

Age

18–29 17.72 (3458) 53.82 (1861)

30–39 16.22 (3164) 49.46 (1565)

40–49 23.40 (4565) 51.59 (2355)

50–59 17.53 (3420) 52.02 (1779)

60–69 14.32 (2795) 47.69 (1333)

70–79 8.29 (1618) 48.52 (785)

80+ 2.52 (492) 49.39 (243)

Education

Low 9.56 (1865) 56.57 (1055)

Middle 51.37 (10023) 53.98 (5410)

High 39.07 (7624) 45.33 (3456)

Employment status

Not working 36.17 (7058) 48.21 (3403)

Full-time 42.40 (8274) 56.71 (4692)

Part-time 16.91 (3300) 43.09 (1422)

Occasionally 4.51 (880) 45.91 (404)

Professional status

No profession 1.80 (1532) 54.77 (839)

Blue-collar 15.84 (3090) 62.43 (1929)

White-collar 55.99 (10925) 49.07 (5361)

Official 7.51 (1465) 46.48 (681)

Freelancer 10.00 (1951) 44.18 (862)

Helping family 1.01 (197) 40.61 (80)

Else 7.85 (352) 48.01 (169)

Marital status

Married 53.58 (10455) 48.05 (5024)

Married - living separately 2.60 (508) 53.94 (274)

Unmarried 27.45 (5357) 54.88 (2940)

Divorced 8.82 (1721) 54.45 (937)

Widowed 7.54 (1471) 50.71 (746)

Disability status

Yes 8.12 (1585) 51.36 (814)

No 91.88 (17927) 50.80 (9107)

Migration background

No 85.62 (16706) 51.30 (8571)

One-sided 3.88 (757) 49.67 (376)

Two-sided 10.50 (2049) 47.54 (974)
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Figure 1 shows the splitting variables, the proportion
of the study population and the prevalence of non-DVI
within subgroups (nodes) detected by CIT-analysis with
α-level = 1% including binary sex/gender, socio-cultural,
socio-demographic and socio-economic variables. The
first split in strategy 1 was induced by sex/gender. The
prevalence of non-DVI ranged overall between 33.4
-66.1% in the identified subgroups. Prevalence in men
ranged between 56.7 -66.1%. Prevalence in women

ranged between 33.4 -54.1%. Prevalence of non-DVI was
higher in men across all nodes of the tree when com-
pared to women. In women, the highest prevalence of
non-DVI of 54.1% occurred in women with low or mid-
dle education who are employed full-time. The lowest
prevalence of 33.4% was found for women with high
education. In men, the highest prevalence of non-DVI of
66.1% occurred in men with low or middle education.
The lowest prevalence of 56.7% was found for men with

Table 1 Socio-cultural, socio-demographic and socio-economic characteristics of the study population and prevalence of non-daily
vegetable (Continued)

Socio-cultural, socio-demographic and socio-economic variables Proportion of
characteristic
% (n)

Prevalence of
non-daily vegetable intake
% (n)

Urbanity/rurality

Big city 31.06 (6060) 48.89 (2963)

City 39.43 (7694) 51.38 (3953)

Rural 15.46 (3016) 51.33 (1548)

Very rural 14.05 (2742) 53.14 (1457)

Fig. 1 Strategy 1 - Splitting variables, proportion of study population and prevalence of non-DVI within subgroups detected by CIT-analysis (α-
level = 1%) based on binary sex/gender variable and socio-cultural, socio-demographic and socio-economic variables of the full sample
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high education. The CIT with α-level = 0.1% (see Add-
itional file 1) gave the same results as shown in Fig.1 ex-
cept for the last split for education in women (nodes
10,11), which was only observed in the CIT analysis with
α-level = 1%. The trees based on the CART-algorithm
with cp = 0.01 and cp = 0.005 (see Additional file 2)
showed only the first split by sex/gender (nodes 2,3).
Table 2 shows prevalence of non-DVI within sub-

groups characterized by sex/gender related aspects.
Prevalence of non-DVI ranged overall between 40.5 -
56.5%. Lowest prevalence across categories of all sex/
gender related aspects ranged between 40.5–46.6%: A
prevalence of approximately 41% occurred in individuals
who share a household with a partner who is the main
earner or for individuals who feel strongly burdened by
childrearing responsibilities, respectively. A prevalence
of approximately 46% was found for individuals with no
partner but with child(ren), for individuals who feel ra-
ther burdened by household or moderately burdened by
care activities or for individuals with perceived high so-
cial support, respectively. Highest prevalence across cat-
egories of all sex/gender related aspects ranged between
56.5 - 52.2%: A prevalence of approximately 56% was
found for individuals with perceived low social support,
for individuals living alone, sharing a household with the
partner and being the main earner of the household (in-
dependent of other individuals living in the household)
or for individuals with no partner and no child(ren), re-
spectively. A prevalence of approximately 53% was found
for individuals with no children (independent of the
partner status) or for individuals who did not feel bur-
dened by household or care responsibilities, respectively.
The lowest range in prevalence within sex/gender re-
lated aspects appeared for care or household burden.
The highest range in prevalence within sex/gender re-
lated aspects was found for main earner status. A gradi-
ent with monotonously increasing prevalence of non-
DVI across categories was visible with regard to child-
rearing burden or social support.
Figure 2a shows the splitting variables, the proportion

of study population and the prevalence of non-DVI
within subgroups (nodes) detected by CIT-analysis with
α-level = 1% (strategy 2). Proportion of men and women
within the identified subgroups were added as additional
information to the classification tree. The prevalence of
non-DVI ranged overall between 32.4 -66.1%. The first
split in strategy 2 was induced by main earner status,
dividing the sample into a branch with individuals who
share a household with a partner who is the main earner
(26.8% of the total sample) and a branch with individuals
who do not share a household with a partner who is the
main earner [73.3% of the total sample: individuals living
alone, sharing the household at least with a partner but
being the main earner themselves, sharing the household

at least with one other person but with no one being a
main earner and sharing the household at least with one
other person who is the main earner]. For individuals
who live with a partner and whose partner is the main
earner in the household, the highest prevalence of non-
DVI of 55.7% was found in individuals who have low or
middle education and who perceive their social support
to be low. The same prevalence was found for individ-
uals who do not share a household with a partner who is
the main earner, who have low or middle education and
are not blue-collar workers. The lowest prevalence for
individuals whose partner is the main earner in the
household of 32.4% occurred in individuals with high
education. For individuals who do not share a household
with a partner who is the main earner, the highest preva-
lence of non-DVI was 66.1% and was found for blue-
collar workers. Second highest prevalence of non-DVI of
60.3% occurred in individuals who do not work as a
blue-collar but have low or middle education and are
employed full-time. The trees using the CART-
algorithm with either cp = 0.01 or cp = 0.005 (see Add-
itional file 3) were restricted to the split by main earner
status, followed by further splits only for individuals
whose partner is not the main earner in the household
by professional and then educational status (nodes
2,3,4,5,8,9). The CIT with α-level = 0.1% showed the
same results as shown in Fig. 2a.
In Fig. 2b the information about prevalence of non-

DVI within the identified subgroups of the classification
tree analysis shown in Fig. 2a is extended by an add-
itional calculation of prevalence of non-DVI separately
for men and women and by indication of absolute differ-
ence in prevalence between males and females. The
prevalence of non-DVI ranged overall between 29.2 -
72.5%, in men between 53.6 - 72.5%, and in women be-
tween 29.2 - 57.4%. The highest prevalence of 72.5% oc-
curred in men whose partner is the main-earner in the
household, who have low or middle education and who
perceive their social support to be low. This node repre-
sents 2.6% of the total study sample and is by far the
smallest detected population subgroup with 515 individ-
uals of which only 7.8% are men. Second highest preva-
lence in men and highest prevalence in women was
found for individuals, who do not share a household
with a partner who is the main earner and who work as
a blue-collar (men: 69.7%, women: 57.4%; absolute dif-
ference in prevalence: 12.3%). This node represents 12%
of the total study sample of which only one third are
women. In both cases the prevalence within men as well
as within women is higher than the highest prevalence
detected in strategy 1. Lowest prevalence in men and
women was found for individuals whose partner is the
main-earner in the household and who have high educa-
tion (men: 53.6%, women: 29.2%, absolute difference in
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prevalence: 24.3%). In both cases the prevalence within
men and within women is lower than the lowest preva-
lence detected in strategy 1. In general, the proportion
of men in all nodes of the branch with individuals who
live with a partner in the household and whose partner
is the main earner does not exceed 13.4% (with at least

40 but not more than 482 men within a node). The sub-
groups of the branch with individuals whose partner is
the main earner in the household show for the most part
higher differences in prevalence (nodes 3, 6, 7, 11) than
the difference between men and women in the root node
(19.1%). The subgroups of the branch with individuals

Table 2 Sex/gender related characteristics of the study population and prevalence of non-daily vegetable intake

Socio-cultural, socio-demographic and socio-economic variables Proportion of
characteristic
% (n)

Prevalence of
non-daily vegetable intake
% (N)

N 100 (19512)

Family constellation

No partner, no child(ren) 33.85 (6604) 55.03 (3634)

Partner, no child(ren) 37.41 (7300) 49.56 (3618)

Partner, child(ren) 24.88 (4854) 47.75 (2318)

No partner, child(ren) 3.86 (754) 46.55 (351)

Main earner

1 Person household 21.94 (4281) 55.64 (2382)

Respondent 31.10 (6068) 55.83 (3388)

Partner 26.78 (5225) 40.50 (2116)

Another person 8.87 (1730) 54.05 (935)

None 11.32 (2208) 49.82 (1100)

Household burden

Not applicable 1.09 (212) 50.47 (107)

1 (not at all) 26.69 (5208) 52.25 (2721)

2 28.91 (5640) 51.86 (2925)

3 28.02 (5468) 50.24 (2747)

4 8.64 (1686) 46.33 (803)

5 (a lot) 6.65 (1298) 47.61 (618)

Childrearing burden

No child(ren) 26.36 (5144) 53.34 (2744)

1 (not at all) 38.92 (7595) 51.78 (3933)

2 13.55 (2643) 49.83 (1317)

3 11.56 (2256) 49.29 (1112)

4 11.32 (997) 45.14 (450)

5 (a lot) 4.49 (877) 41.62 (365)

Care burden

No care tasks 48.59 (9480) 50.78 (4814)

1 (not at all) 35.55 (6937) 52.43 (3637)

2 5.90 (1151) 47.52 (547)

3 4.61 (900) 46.33 (417)

4 2.62 (511) 48.14 (246)

5 (a lot) 2.73 (533) 48.78 (260)

Social support

High 34.26 (6684) 46.51 (3109)

Middle 51.42 (10034) 52.15 (5233)

Low 14.32 (2794) 56.51 (1579)
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Fig. 2 (See legend on next page.)
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who do not share a household with a partner who is the
main earner predominantly show lower differences in
prevalence (nodes 2, 4, 5, 8, 12, 13) than the difference
between men and women in the root node (19.1%).

Discussion
Sex/gender differences in vegetable intake are widely
documented, but not well understood [33]. In the
present study we applied classification tree analysis in
order to unmask heterogeneity behind the male/female
binary by exploring how interactions of different socio-
cultural, socio-demographic and socio-economic
variables in light of non-DVI might differ when either
considering the binary sex/gender variable or various
sex/gender related aspects instead. In strategy 1 sub-
groups with the highest or lowest prevalence were
mainly characterised by interactions between the sex/
gender binary and education. In this regard, the results
of our explorative intersectional approach were in line
with previous findings, which showed that mainly men
and individuals with low education have the lowest fre-
quency in vegetable intake [5, 7]. In turn, in strategy 2
considering sex/gender relevant variables instead of the
sex/gender binary variable, subgroups with highest
prevalence were characterised by interactions between
main earner status and professional status and lowest
prevalence by main earner status and education
respectively.
Diverging from other analyses with population-based

data which have shown that differences in non-DVI be-
tween men and women remained stable across age
groups [6, 7], the results of the classification tree ana-
lyses suggest that variables related to socio-economic
status might be more relevant than age for the charac-
terisation of subgroups with higher prevalence of non-
DVI, when viewed from an intersectional perspective.
Furthermore, different indicators of socio-economic sta-
tus seem to interact more strongly in women when com-
pared to men: In strategy 1, women with low or middle
education who work full-time showed highest prevalence
of non-DVI, whereas in men educational status did not
interact with occupational status. In strategy 2, the sub-
groups resulting from splits based on the variables asso-
ciated with socio-economic status such as education,
professional status and occupational status showed lar-
ger differences in prevalence within the group of women
when compared to men. The results suggest that socio-
economic status represents an important category of

difference when aiming at the detection of heterogeneity,
primarily in women. In dietary research including inves-
tigations about vegetable intake, the use of separate indi-
cators of socio-economic status such as education and
occupation has been strongly recommended since they
seem to reflect different underlying social processes [34,
35]. With this in mind, it is likely that including a vari-
able such as main earner status into the classification
tree analysis might have partly uncovered the more com-
plex nature of the interrelatedness of different indicators
of socio-economic status with regard to non-DVI, espe-
cially in women.
In view of the comparison of the 2 different classifica-

tion tree algorithms, the trees constructed by CART
were, overall, noticeably smaller compared to the trees
constructed by CIT. All the subgroups detected by
CART were also detected by CIT. Comparing the results
of both strategies applied in the present study, most het-
erogeneity became visible especially within the group of
women: In line with Stea et al. [5], in strategy 1 women
with high education were identified as the subgroup with
the lowest prevalence of non-DVI. In contrast, by con-
sidering sex/gender relevant aspects in strategy 2, only
women with high education who live with a main earner
as a partner were detected with a prevalence of 29.2%.
This is by far the lowest prevalence when compared to
the total study population. Consequently, more than
10% of the entire study population, which were repre-
sented as the subgroup women with high education in
strategy 1 (Fig. 1, node 7), has been distributed across
other subgroups in strategy 2 with consistently higher
prevalence of non-DVI than identified within the group
of women with high education. Finally, the results of
strategy 2 clarified that especially blue-collar men and
women who do not share a household with a partner
who is the main earner are the most affected population
group with regard to non-DVI. Not least, this finding
seems plausible because higher levels of stress, which
have shown to be more pronounced in blue-collar
workers when compared to white collar workers, were
found in previous research to be associated with lower
vegetable intake [36–38].
To our knowledge, when analysing sex/gender differ-

ences in non-DVI in population-based studies, the role
of main earner status has not yet been emphasized expli-
citly. However, prevailing sex/gender differences in
shared responsibilities with regard to labour participa-
tion and homemaking are widely recognized [39, 40] and

(See figure on previous page.)
Fig. 2 a Strategy 2 - Splitting variables, proportion of study population and prevalence of non-DVI within subgroups detected by CIT-analysis (α-
level = 1%) based on sex/gender related aspects and socio-cultural, socio-demographic and socio-economic variables of the full sample. b
Splitting variables of the CIT-analysis (α-level = 1%; Fig. 2a) based on sex/gender related aspects and socio-cultural, socio-demographic and socio-
economic variables of the full sample (Fig. 2a) with prevalence of non-DVI stratified by male/female
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are presumed to constitute different epidemiological pat-
terns of privilege and disadvantage with regard to health
of men and women [41]. The low proportion of men
who share a household with a partner who is the main
earner might point to main earner responsibilities being
more strongly embodied in male identity, while the op-
posite status could be seen as being more embodied in
female identity, at least to a certain extent: Roundabout
25% of the total study population are women who have
a partner in the household on whom they can rely on fi-
nancially, of which one third are women with high edu-
cation and show by far the lowest prevalence in non-
DVI. Not differentiating by main earner status might be
responsible for the masking of heterogeneity within the
group of women with regard to non-DVI, due to focus-
ing merely on the binary sex/gender variable in multi-
variable analysis. Consequently, the group of women
most affected by high prevalence of non-DVI, which rep-
resents 3.5% of the total study population, might be
overlooked as an important target group for the imple-
mentation of health promoting interventions: Compared
to women with high education living with a partner in
the household who has main earner responsibilities, the
prevalence of non-DVI in blue-collar women who do
not share a household with a partner who is the main
earner is twice as high. Furthermore, the non-DVI
prevalence of 57.4% in these blue-collar women is quite
comparable to the prevalence in the entire group of men
as shown in strategy 1.
Especially in view of research on health of blue-collar

women, results from a systematic review evaluating re-
spective research over the past quarter century suggest
that blue-collar women in general experience worse
health when compared to blue-collar men or women
with other professional status [42]. Furthermore, it
seems plausible that main earner status, working full-
time or working as a blue-collar could be linked to
higher levels of stress [38, 43, 44] and at the same time
represent drivers of difference in prevalence of non-DVI
across categories of sex/gender. These factors are likely
to reflect aspects of gender roles more strongly, but not
exclusively, internalized by men when compared to
women.
Finally, the results of strategy 2 suggest that those

blue-collar men and women, who do not share a house-
hold with a partner who is the main earner, are most af-
fected by non-DVI. This subgroup represents overall
12% of the total study population. Even though women
in this specific subgroup represent overall no more than
3.5% of the study population, they show the highest
prevalence by far of non-DVI when compared to other
women of the total sample. By not additionally consider-
ing sex/gender relevant aspects beyond the male/female
binary, these women might have been overlooked as

possibly suitable recipients for health promoting targeted
interventions.

Strength and limitations
There are some limitations to consider, when interpret-
ing the results of the present study. Respondents in
health surveys show more positive health-related behav-
iours compared to non-respondents [45] and therefore
the prevalence of non-DVI might have been underesti-
mated. As there were only low numbers of individuals
never consuming vegetables or less than once a week,
we only compared daily vegetable intake to less than
daily intake. Due to data availability, we were not able to
include information about quantity of vegetable intake.
Furthermore, it might be criticized that the data of
GEDA 2009 used in this study are quite outdated. How-
ever, given that the aim of this study was to test a
theory-based methodological approach, the GEDA 2009
survey provided a higher number of variables that de-
scribe sex/gender relevant mechanisms such as gender
roles compared to other more recent surveys of the RKI
in Germany. Overall, men showed higher prevalence of
non-DVI than women within all identified subgroups of
both strategies, which points to the binary sex/gender
variable as the most strongly classifying variable. It was
not possible to include further sex/gender related as-
pects than the ones studied, which might have
unmasked more of the assumed heterogeneity in preva-
lence within and between the group of men and women.
To name a few, consideration of factors such as drive for
thinness [46], favourable attitudes, perceived behavioural
control over frequent vegetable intake [33], being the
primary meal planner or feeling responsible for the
family’s overall health [47] might have further lowered
the remaining difference in prevalence of non-DVI. Fur-
thermore, by not including the binary sex/gender as an
analytical category into the multivariable analysis in
strategy 2, we were able to move beyond a traditional
binary male/female approach only when viewed from a
methodological perspective. Unfortunately, due to data
availability, we did not have the opportunity to explore
other non-binary concepts of gender identity, which em-
brace further identities such as trans or gender queer
identities. Nevertheless, strategy 2 opens up the possibil-
ity to push public health monitoring and reporting past
a traditional binary sex/gender approach to gender iden-
tity, since the strategy allows the description of propor-
tions and prevalence within the identified subgroups by
several gender groups if data on gender identities are
available.
A strength of our analysis is the use of classification

trees as an exploratory method to identify subgroups,
which substantially differ in prevalence of non-DVI [16].
To this end, we compared the results of different
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algorithms and specifications of CART and CIT. We
found that the main findings were quite robust, since
the same subgroups were identified by both algorithms
and all specifications alike. Finally, another strength of
our study is the inclusion of a wide range of socio-
cultural, socio-demographic and socio-economic vari-
ables as well as sex/gender relevant aspects based on
data of a national survey on health of adults in
Germany.

Conclusion
The inclusion of sex/gender related aspects in multivari-
able analysis as part of an intersectionality-informed and
sex/gender sensitive strategy supported the unmasking
of heterogeneity within and between the groups of men
and women. The identification of subgroups with higher
prevalence of non-DVI, which might be overlooked
when focusing exclusively on the male/female binary in-
stead of other sex/gender relevant aspects, could con-
tribute to the tailoring of targeted interventions from a
more gender-equitable perspective: Especially blue-collar
women who do not share a household with a partner
who is the main earner showed highest prevalence com-
pared to other women and lowest difference in preva-
lence when compared to men. Not including other sex/
gender related aspects than the binary sex/gender vari-
able might have concealed this heterogeneity primarily
within the group of women. In conclusion, taking add-
itional sex/gender related aspects in light of non-DVI
into account, especially in public health monitoring ana-
lyses, could result in further lowering the preference of
the binary sex/gender variable as a strongly differentiat-
ing factor. The variable, when used in isolation, carries
the risk of concealing existing heterogeneity within and
between the groups of men and women. While the con-
sideration of sex/gender as a binary individual character-
istic has already been successfully implemented as a
standard approach in public health reporting [48], an in-
tegration of more sex/gender related aspects in explora-
tive data analyses could be the next step to further
improve sex/gender sensitivity in public health monitor-
ing and reporting.
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