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Abstract
Background: Even though the existence of inequalities in fruit and vegetable consumption has been well
established, it is not clear how it is patterned across intersections of multiple social positions and
identities. This study aims to investigate disparities in fruit and vegetable intake between groups at the
intersection of education and gender in northern Sweden, and to estimate the discriminatory accuracy of
the intersectional groups.

Methods: Cross-sectional data from the 2018 Health on Equal Terms survey conducted in four regions in
northern Sweden was used (N=21,853). Four intersectional groups were created: high and low educated
men, and high and low educated women. Prevalence differences corresponding to joint, referent, and
excess intersectional inequalities, were estimated using linear binomial regression for three binary
outcome variables: inadequate fruit and vegetable intake combined, inadequate fruit intake, and
inadequate vegetable intake. The analysis was adjusted for potential confounders. The discriminatory
accuracy of the intersectional groups was estimated by the area under the receiver operating
characteristic curve.

Results: Low educated men had the highest prevalence of inadequate intake of fruits and vegetables
combined (81.4%), fruits (53.5%), and vegetables (54.2%), while high educated women had the lowest
(47.7%, 28.6%, and 19.2% respectively). The joint disparities between high educated women and low
educated men were both significant and substantial for all outcome variables (34.6 pp, 28.7pp, and
34.9pp respectively, adjusted). They were mostly explained by the two referent disparities for gender and
education – the part of the joint disparity explained by differences in gender and education, respectively.
An inconsistent direction, magnitude, and significance between outcomes was observed for the excess
intersectional disparity - the part of the joint disparity not explained by either referent disparity (-5.5pp,
0.1pp, and 3.9pp respectively, adjusted). The discriminatory accuracy of the intersectional groups was
moderate (0.67, 0.64, and 0.66 respectively).

Conclusion: An intersectional approach can provide a more detailed view of inequalities in fruit and
vegetable consumption between groups combining several social positions. The moderate discriminatory
accuracy observed here suggests that interventions and policies aiming to reduce diet inequalities should
not solely be targeted at certain groups, but also be universal.

Background
A suboptimal diet could be the risk factor with the greatest impact on mortality worldwide, with low fruit
and low vegetable intake among the main contributors (1), associated with increased risk of coronary
heart disease, stroke, total cardiovascular disease, total cancer, and all-cause mortality (2). An adequate
fruit and vegetable intake is therefore considered critical for a healthy diet in recommendations and
guidelines worldwide (3-5).
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The burden linked to inadequate consumption of fruits and vegetables is however not shared equally,
with disparities in consumption demonstrated both between and within countries (1, 6, 7). Within-country
differences in fruit and vegetable intake in high-income countries have been shown for socioeconomic
status (6-10), gender (6, 9), as well as demographic characteristics such as marital status (7), age (9, 10),
and region of residence (7). Because of their strong impact on health outcomes, disparities in fruit and
vegetable intake can also represent one of the pathways by which inequalities in health are produced and
maintained in the population (11), and therefore one possible target for promotion of equity in health.

Inequalities in fruit and vegetable consumption are consistent with research suggesting that certain
groups sharing the same sociodemographic characteristics might also share health-promoting behaviors.
However, the direction of inequality in fruit and vegetable intake varies with the dimension of inequality
under consideration. Higher socioeconomic status, and especially higher educational level is usually
associated with healthier behaviors in high-income countries (11-13), including higher consumption of
fruits and vegetables (6-10, 14, 15). This has been attributed to better knowledge about the health
benefits of eating fruits and vegetables, a greater sense of control over one's health among the highly
educated groups, and a way for each group to distinguish itself from the other by adhering to a different
pattern of fruit and vegetable intake (16). The pattern is different for gender, where women tend to
engage in health-promoting behaviors to a greater degree than men (13, 17-19), including a higher intake
of fruits and vegetables (6, 20, 21). A common explanation for the gender inequality favoring the
structurally disadvantaged group of women is that men display more risk behavior as a way to construct
their masculinity and assert their power over women and other men (18).

Although fruit and vegetable consumption tends to be socially patterned in conflicting manners across
education on the one hand and between genders on the other, there is little empirical research on how
fruit and vegetable consumption is patterned across combined social positions. This question relates to
the concern that traditional population health approaches do not fully capture the complexity of health
inequalities (22). Specifically, as all individuals simultaneously occupy social positions along multiple
axes of inequality, conventional approaches that focus on a single inequality dimension, such as
education, gender, or race, may be insufficient for understanding and ultimately addressing the inherent
complexity of inequalities in health (23).

These issues are however the focus of intersectionality theory, which is an analytical framework
specifically considering the intersection of several social identities and positions as the source of
advantages and disadvantages experienced by individuals and groups (22). This theory was first
introduced by law scholar Kimberlé Crenshaw in a 1989 article centered on Black women and the
intersection of race and gender in the United States (24). Over the following decades the theory spread
ubiquitously and was further developed across mainly qualitatively oriented social sciences, which has
resulted in a considerable heterogeneity in the specific interpretation and application of intersectionality
(25). A more recent example is the concentrated effort over the last few years to translate and integrate
intersectionality into social epidemiology and population health research (22, 23, 26, 27). In this quite
different scientific context, intersectionality approaches have been introduced as a potential solution to
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the issues arising from conventional single-dimension approaches to health inequalities, and have been
promoted as providing a unique perspective that could ultimately improve equity in health (22, 23, 28).
For example, intersectionality theory has the potential to give more precision to public health research
and provide a more detailed and nuanced picture of the way social inequalities contribute to inequalities
in health (23, 29). Moreover, it can assist in the identification of the structural factors that are behind
those inequalities (29, 30), and could be targets for public health interventions.

At its core, intersectionality theory postulates that the intersection of different social positions or
identities cannot be understood simply by looking at them separately, or by adjusting for them in an
analysis, but that they should be considered together. Intersectionality theory also implies that groups or
individuals combining several positions of social disadvantage could potentially experience more
disadvantage in total than the sum of each individual aspect. In this sense, each intersection may have a
quality of its own. Kimberlé Crenshaw hypothesized three different possibilities for an intersectional
group combining two social positions to experience disadvantage, which can be understood from the
perspective of complex population patterns of health. The first possibility is that the disadvantage, e.g. a
health disadvantage, is caused by only one of the group's multiple positions. The second possibility is
that the combination of both positions will cause a double disadvantage, i.e. an additive effect. The third
possibility is that the disadvantage experienced is a product of the specific intersection, i.e. larger or
smaller than the sum of the two positions characterizing the intersectional group (24).

At least implicitly based on these tenets, much of the discussion on integrating intersectionality into
social epidemiology has centered on its analytical operationalization (26, 27, 31-33). Various existing
quantitative methods (29) can capture associations between patterns of health or behavioral outcomes,
such as fruit and vegetable consumption, across specific intersections of social positions. Two main
approaches of applications have been identified in epidemiology (32). In the first, intersections between
groups are represented by cross-classified categories, on which an outcome will be regressed,
conventionally using multiplicative-scale models and thus estimating relative inequalities. In the second
and more recent approach, described by Jackson et al. (30), a joint disparity in the outcome is estimated
on the additive scale between the group who is doubly disadvantaged and the one who is doubly
advantaged, which is subsequently decomposed into the portions attributable to each social position (the
referent disparities), and the part attributable to the intersection of the two disadvantages (the excess
intersectional disparity). This decomposition has the benefit of resembling the possibilities for an
intersectional group to experience disadvantage as described by Crenshaw (24), and captures additive
inequalities in health. The method by Jackson et al. has been used to study inequalities in mental health
in the US (30) and in Sweden (34), health care utilization in Sweden (35), as well as health behaviors such
as smoking (36).

Over the last couple of years, a third intersectional analytical approach has emerged within epidemiology,
labelled (Multilevel) Analysis of Individual Heterogeneity and Discriminatory Accuracy ((M)AIHDA) (26,
37, 38). It originates in the inherent limitations of approaches based on comparisons of simple
population averages when it comes to capturing the individual heterogeneity within each comparison
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group, which thus gives little guidance on effective targets for intervention (26). Approaches based on
(M)AIHDA have therefore been proposed as a complementary tool to assess the extent to which
intersectional categories can discriminate effectively between cases and non-cases (26). These methods
specifically provide evidence that is informative when it comes to the principle of proportionate
universalism, i.e. universal interventions with a proportionate increased intensity in groups of higher risk.
Such methods have been applied in numerous studies on intersectional inequalities mostly in Sweden,
for example concerning self-rated general and mental health (34, 39), ischemic heart disease (37),
antidepressant and antibiotic use (40, 41), as well as health behaviors in the form of smoking (38).
Overall, most results have pointed towards a poor to moderate ability of intersectional groups to
discriminate between cases and non-cases, which suggests that universal interventions may be more
suitable than targeting high-risk groups.

To the authors’ knowledge, no studies have looked at intersectional inequalities in fruit and vegetable
intake by gender and education, either in Sweden or elsewhere. Information coming from such studies
could help inform the design of policies that would target the segments of the population for which diet
quality is of concern. Potentially, this can contribute to reducing inequalities in health in Sweden. In
addition, the evidence could help in assessing whether and how intersectionality theory can be useful in
studying inequalities in different health-related outcomes and settings.

This study aims to estimate disparities in fruit and vegetable intake between groups at the intersection of
gender and education in northern Sweden. An additional aim is to assess the extent to which the
intersectional groups discriminate between adequate and inadequate intake of fruits and vegetables.

Methods

Population and design
The data came from the cross-sectional Health on Equal Terms survey. This survey is carried out
nationally every (2004-2016) to every second (2016-present) year. Every four years, four regions from
northern Sweden provide a larger sample to expand the survey. This study uses data from the most
recent expanded survey conducted in 2018 in the regions of Norrbotten, Västerbotten,
Jämtland/Härjedalen, and Västernorrland.

The 2018 survey consisted of a questionnaire with 64 questions on varied subjects such as mental
health, diet, occupation, or healthcare use (42). Both an online and print version of the questionnaire were
offered. The survey results were linked to register data by Statistics Sweden for each individual
participant using the unique Swedish personal identity number. Register data included, among other
variables, age, sex, education, civil status and region of residence (43).

The target population from which the sample was drawn comprised everyone aged 16 to 84 from
Norrbotten, Västerbotten, Jämtland/Härjedalen, and Västernorrland, identified through the Register of the
Total Population on November 30th, 2017 (42). Each region conducted its own sampling procedures in
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collaboration with the Public Health Agency of Sweden and Statistics Sweden. At the national level, the
sample was determined through unrestricted random sampling, and drawn from a target population of
N=7,930,792 (42). At the regional level, random cluster sampling was used, stratified by age and
municipality (and in Västerbotten, also by gender). The total target population in the four regions was
711,303 (44-47). Of the total sample from the four northern regions, N= 3510 (6.5% of the sample) were
included in the national survey, to which an additional sample of N=50,600 (93.5% of the sample) was
selected as part of the expanded survey. N=208 were excluded because they no longer belonged to the
population, resulting in a final sample of 53,902 in total. The expanded 2018 survey from the four regions
had 23,487 responses in total and a response rate of 43.6% (44-47).

In the present study, only those aged over 20 years were included in order to capture post-secondary
school leavers. As a result, 1232 responses were intentionally excluded. Respondents not coded as
residing in one of the four relevant regions were also excluded (n=46). And after excluding missing
observations (n=356), 21,853 observations remained.

Variables

Fruit and vegetable consumption
Two questionnaire items of frequency of fruit and vegetable intake, respectively, were used, with seven
response options ranging from “less than once a week or never” to “twice a day” (43). The responses
were dichotomized into adequate (0; once a day or more) versus inadequate (1; less than once a day)
consumption of fruit and vegetables, respectively.

In addition, weights were attributed to each level of consumption and a summary variable of combined
fruit and vegetable consumption was created, in accordance with the procedures used by the Public
Health Agency of Sweden (43). A combined weight of 0.14 is the lowest possible combined consumption
for one person, whereas 6 is the highest (43). The summary index was divided according to
recommendations into adequate (0; at least 3 servings of fruits and/or vegetables daily) and inadequate
(1; less than three servings daily) combined consumption (43)

Intersectional groups by gender and education
Gender and education were combined to form the four intersectional positions, both retrieved from
population registers. Gender was a binary variable with man and woman as the two possible options.
High education was defined as having completed at least one term of tertiary education, while low
education was defined as having completed secondary education or less.

By cross classifying the binary variables gender and education, four intersectional categories were
created: men with high education, men with low education, women with high education, and women with
low education. Each group combined two potential social advantages and/or disadvantages. Here, high
education and men were understood to be positions of relative social advantage whereas low education
and women were assumed to be positions of social disadvantage (24, 48). However, as women tend to
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display more favorable behavioral outcomes including diet (13, 17-19), for the purpose of this study, high-
educated women were considered the doubly advantaged group and low-educated men the doubly
disadvantaged group.

Covariates: age, civil status, region of residence
Potential confounders were included in the analyses as covariates: age was categorized in brackets -(21–
30, 31–44, 45-64, 65-84); civil status was divided into: married/cohabiting and unmarried/not cohabiting;
and region of residence comprised Norrbotten, Västerbotten, Jämtland/Härjedalen, and Västernorrland.

Statistical analysis
The characteristics for each intersectional group are displayed in Table 1, with p-values obtained from
Pearson χ2.
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Table 1
Descriptive statistics of the main variables by intersectional group.

Variable   Four groups at the intersection of gender and educationa

  Total,
n (%)

High educated
women, n (%)

Low educated
women, n (%)

High
educated
men, n (%)

Low
educated
men, n (%)

Sample size 21,853
(100.0)

4908 (22.5) 6849 (31.3) 3147 (14.4) 6949 (31.8)

Combined fruit and
vegetable

         

Adequate intake (≥3) 7316
(33.5)

2568 (52.3) 2545 (37.2) 911 (28.9) 1292 (18.6)

Inadequate intake
(<3)

14,537
(66.5)

2340 (47.7) 4304 (62.8) 2236 (71.1) 5657 (81.4)

Fruit          

Adequate intake (≥1) 12,913
(59.1)

3506 (71.4) 4452 (65.0) 1722 (54.7) 3233 (46.5)

Inadequate intake
(<1)

8940
(40.9)

1402 (28.6) 2397 (35.0) 1425 (45.3) 3716 (53.5)

Vegetable          

Adequate intake (≥1) 13,659
(62.5)

3967 (80.8) 4457 (65.1) 2054 (65.3) 3181 (45.8)

Inadequate intake
(<1)

8194
(37.5)

941 (19.2) 2392 (34.9) 1093 (34.7) 3768 (54.2)

Age          

21-30 years old 2187
(10.0)

556 (11.3) 675 (9.9) 294 (9.3) 662 (9.5)

31-44 years old 3821
(17.5)

1419 (28.9) 795 (11.6) 709 (22.5) 898 (12.9)

45-64 years old 6988
(32.0)

1668 (34.0) 2119 (30.9) 1053 (33.5) 2148 (30.9)

65-84 years old 8857
(40.5)

1265 (25.8) 3260 (47.6) 1091 (34.7) 3241 (46.6)

Civil status          

a All p-values (Pearson χ2) comparing the frequency of each variable across the four intersectional
groups were <0.001.
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Variable   Four groups at the intersection of gender and educationa

Married/cohabiting 10,954
(50.1)

2483 (50.6) 3275 (47.8) 1725 (54.8) 3471 (49.9)

Unmarried/not
cohabiting

10,899
(49.9)

2425 (49.4) 3574 (52.2) 1422 (45.2) 3478 (50.1)

Region          

Västernorrland 4632
(21.2)

1039 (21.2) 1395 (20.4) 737 (23.4) 1461 (21.0)

Jämtland/Härjedalen 4266
(19.5)

996 (20.3) 1310 (19.1) 575 (18.3) 1385 (19.9)

Västerbotten 4409
(20.2)

940 (19.2) 1477 (21.6) 528 (16.8) 1464 (21.1)

Norrbotten 8546
(39.1)

1933 (39.4) 2667 (38.9) 1307 (41.5) 2639 (38.0)

a All p-values (Pearson χ2) comparing the frequency of each variable across the four intersectional
groups were <0.001.

To study the disparities in fruit and vegetable intake between the four intersectional positions, a method
previously described by Jackson, et al. (30) was used, estimating four disparities with the doubly
advantaged position as the reference group. The joint disparity is the prevalence difference of the
outcome (inadequate intake of fruits and vegetables) between the intersectional groups of double
disadvantage (low educated men) and double advantage (high educated women). The joint disparity can
be further decomposed into referent and excess disparities. The referent disparities are differences in
prevalence between one middle group and the reference group of double advantage; in this study, the
referent disparity in education equals the prevalence difference in fruit and vegetable intake between low
educated women and high educated women, and the referent disparity for gender, the corresponding
prevalence difference between high educated men and high educated women. The fourth disparity is the
excess intersectional disparity, which is the (positive or negative) difference in prevalence that remains
after both referent disparities have been subtracted to the joint disparity and is equivalent to an additive-
scale interaction term. That is, the joint disparity equals the sum of the two referent disparities and the
excess intersectional disparity:

Joint disparity = Referent disparity (1) + Referent disparity (2) + Excess intersectional disparity.

Stata 16.1 was used to carry out the analysis. Linear binomial regression was used to estimate the joint
and referent disparities, while post-estimation of linear combinations of parameters were used to
determine the excess intersectional disparity. The binomial regressions were run on the cross-classified
intersectional variable separately for each of the three outcome variables, in unadjusted analyses and
analyses adjusting for covariates.
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Each disparity is expressed as prevalence differences, in percentage points (pp) with 95% confidence
interval. The referent disparities and the excess intersectional disparity were also descriptively expressed
as percentages of the joint disparity. A positive estimate for the joint or referent disparity would indicate a
higher prevalence of inadequate intake among low educated men, high educated men or low educated
women compared to the reference group of high educated women. A zero estimate for the excess
intersectional disparity means that the joint disparity is equal to the sum of the two referent disparities,
equivalent to an additive effect of gender and education on the outcome. In contrast, a positive (or
negative) estimate of excess intersectional disparity would indicate that the prevalence among low
educated men was greater (or lower) than what is to be expected from simply considering the two
disadvantages as independent and additive to each other.

Discriminatory accuracy was estimated by calculating the Area Under the Receiver Operating
Characteristic curve (AU-ROC), using a logistic regression model (49). This yield results ranging from 0.5
to 1, where 0.5 indicates no discrimination, and 1 represents perfect discrimination of the model. Results
were interpreted with the ranking by Lemeshow et al. in mind (50). However, to adapt the ranking of AU-
ROC levels to a social epidemiological context, modified cut-offs and labels were used according to those
described by Axelsson Fisk et al. (38). Here, the discriminatory accuracy was thus considered ‘absent or
very small’ if AUC=0.5-0.6, ‘moderate’ if AUC >0.6–≤0.7, ‘large’ if AUC >0.7–≤0.8, and ‘very large’ if AUC
>0.8. The AU-ROC was calculated separately for each of the outcome variables according to three
models. The first model included only the covariates, while the second model included the covariates and
education and gender as binary variables. The third model comprised the covariates and the cross-
classified intersectional variables. A descriptive estimate of the change in the ROC area with Model 1 as
reference was also calculated, expressed as Δ AU-ROC.

Results
Descriptive data analysis

The descriptive statistics for the population studied are displayed in Table 1. High educated women made
up 22.5% (n=4908) of the final population retained for analysis. An additional 31.3% (n=6849) were low
educated women, and high educated and low educated men accounted for 14.4% (n=3147) and 31.8%
(n=6949) respectively.

The prevalence of inadequate intake of fruits and vegetables combined, fruits, and vegetables was
highest among low educated men (81.4%, 53.5%, and 54.2% respectively) and lowest among high
educated women (47.7%, 28.6%, and 19.2% respectively) (Figure 1).

 

Intersectional disparities in fruit and vegetable intake
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The crude and adjusted analysis yielded similar results (Table 2) (Figure 2), indicating that the covariates
did not play a strong confounding role. The direction and level of significance of the results were similar,
although not identical, between analysis for each outcome variable and each disparity studied.

Table 2
Crude and adjusted intersectional disparities in consumption of fruits and vegetables combined, fruits,

and vegetables.
Disparity Prevalence difference in inadequate intake a

  Fruits and vegetables
(combined)

Fruits Vegetables

  Crude Adjustedb Crude Adjustedb Crude Adjustedb

Joint 33.7 **
[32.1 to
35.4]

34.6 **
[32.9 to
36.3]

24.9**
[23.2 to
26.6]

28.7 **
[27.1 to
30.4]

35.1**
[33.4 to
36.7]

34.9 **
[33.3 to
36.5]

Referent
sex

23.4 **
[21.3 to
25.5]

24.1 **
[22.0 to
26.2]

16.7 **
[14.6 to
18.9]

18.4 **
[16.3 to
20.4]

15.6**
[13.6 to
17.6]

15.5 **
[13.6 to
17.5]

% of joint
disparity

69 70 67 64 44 45

Referent
education

15.2 **
[13.4 to
17.0]

16.1 **
[14.2 to
17.9]

6.4 ** [4.7
to 8.1]

10.3 ** [8.6
to 11.9]

15.8**
[14.2 to
17.3]

15.5 **
[13.9 to
17.1]

% of joint
disparity

45 46 26 36 45 44

Excess -4.8 ** [-7.4
to -2.2]

-5.5** [-8.1
to -3.0]

1.8 [-0.9 to
4.5]

0.1 [-2.5 to
2.7]

3.7* [1.2 to
6.3]

3.9* [1.3 to
6.5]

% of joint
disparity

-14 -16 7 0 11 11

*p<0.05, **p<0.001

a Estimates are percentage points (pp) and 95% confidence intervals [CI] unless otherwise specified.

b Adjusted for age, civil status, and region of residence.

Combined fruit and vegetable intake

In the adjusted analysis, the joint disparity in combined fruit and vegetable intake estimated a 34.6 pp
(95% CI: 32.9 to 36.3) higher prevalence of inadequate intake of fruits and vegetables among low
educated men than among high educated women. The decomposition of the joint disparity showed that
the referent disparity for gender made a greater contribution to the joint disparity (24.1 pp; 95% CI: 22.0 to
-26.2) than the referent disparity for education (16.1 pp; 95% CI: 14.2 to 17.9). Furthermore, the excess
intersectional disparity indicated a marked lower prevalence (-5.5 pp; 95% CI: -8.1 to -3.0) of inadequate
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combined intake in low educated men than what would be expected from the addition of the two referent
disparities.

Fruit intake

The results were in a similar direction for fruit intake, although the adjusted joint disparity was much
smaller than for combined intake (28.7 pp; 95% CI: 27.1 to 30.4). Again, as for combined intake of fruits
and vegetables, the referent disparity for gender (18.4 pp; 95% CI: 16.3 to 20.4) was greater than the
referent disparity for education (10.3 pp; 95% CI: 8.6 to 11.9). However, in contrast to the combined
outcome, the excess intersectional disparity (0.1 pp; 95% CI: -2.5 to 2.7) indicated that the inequalities in
fruit intake between high educated women and low educated men corresponded to the addition of the
two referent disparities, and was what would be expected by considering gender and education
independently from each other.

Vegetable intake

Similarly to the combined and fruit intake, the joint disparity in vegetable intake in the adjusted analysis
(34.9 pp; 95% CI: 33.3 to 36.5) indicated that inadequate intake of vegetables was significantly more
prevalent in low educated men than in high educated women. However, the joint disparity for vegetable
intake was higher than for fruit intake, and similar to the joint disparity for combined intake. In contrast
with the two other outcome variables, the referent disparity for gender (15.5 pp; 95% CI: 13.6 to 17.5) and
the referent disparity for education (15.5 pp; 95% CI: 13.9 to 17.1) were of similar magnitude. Also, in this
case, the excess intersectional disparity left after subtracting the two referent disparities (3.9 pp; 95% CI:
1.3 to 6.5) suggested that inadequate intake of vegetables among low educated men was more prevalent
than expected from the addition of the two referent disparities.

Discriminatory accuracy

The AU-ROC increased substantially for all three outcomes from Model 1 to Model 2 or from Model 1 to
Model 3. For combined fruit and vegetable intake, the discriminatory accuracy as measured by the AU-
ROC was 0.54 (‘absent or very small’) when including only the demographic covariates, and 0.67
(‘moderate’) when adding independent variables in Model 2. It remained unchanged when taking the
cross-classified intersectional positions into account in Model 3.
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Table 3
Discriminatory accuracy of variables estimated by the Area Under the Receiver

Operating Characteristic curve (AU-ROC).
Outcome variables AU-ROC [95% Conf. Interval]

Model 1a Model 2b Model 3c

Combined intake 0.54 [0.53 to 0.54] 0.67 [0.66 to 0.68] 0.67 [0.66 to 0.68]

ΔAU-ROC Reference 0.1308 0.1309

Fruit intake 0.52 [ 0.51 to 0.53] 0.64 [0.63 to 0.64] 0.64 [0.63 to 0.64]

ΔAU-ROC Reference 0.1134 0.1142

Vegetable intake 0.53 [ 0.52 to 0.54] 0.66 [0.65 to 0.67] 0.66 [0.65 to 0.67]

ΔAU-ROC Reference 0.1283 0.1285

a Model 1: age, civil status, and region of residence.

b Model 2: model 1 + education + gender.

c Model 3: model 1 + cross-classified intersectional groups.

Discussion
This study aimed to estimate disparities in fruit and vegetable intake between groups at the intersection
of educational level and gender in northern Sweden, and to assess the discriminatory accuracy of the
intersectional groups. Substantial differences between intersectional groups were found in the prevalence
of inadequate intake of fruits and vegetables combined, and separately. Gender made a greater
contribution overall to the inequalities than education did, except for fruit intake where little to no
difference was seen between the two referent disparities. Variations in direction, magnitude and
significance were seen in the excess intersectional disparities across outcomes, suggesting a complex
intersectional pattern for these related but distinct dietary outcomes. The discriminatory accuracy of the
covariates and gender and education was moderate and suggested an importance of these two
inequality dimensions, but consideration of their cross-classification did not contribute to any additional
discriminatory power.

The finding that the referent disparity for gender consistently explained a large portion of the joint
disparity is in line with previous research indicating that women have in general a higher fruit and
vegetable consumption than men (6, 20, 21), and healthier behaviors overall (13, 17-19). Although to a
lesser extent, the referent disparity for education also explained a substantial fraction of the joint
disparities. This is consistent with the literature on educational inequalities in fruit and vegetable
consumption (6-10, 14, 15), and other types of health behaviors (11-13). Several potential mechanisms
have been proposed to explain this relationship between education level and health behaviors (16).
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The finding that the excess intersectional disparity varied greatly across outcomes illustrates the
potential usefulness of intersectional approaches in epidemiology. The intersection of multiple
disadvantages for fruit and vegetable intake appeared to be associated with a unique pattern of
consumption not entirely explained by the addition of gender and education. Specifically, for combined
intake of fruits and vegetables, the intersection of male gender and low education appeared to be
unexpectedly protective against unhealthy dietary patterns.

As pointed out by Jackson et al. (30), it should also be noted that the existence and magnitude of the
joint disparity should not be dismissed if the excess intersectional disparity is non-existent or negative.
Even if a group does not display any excess intersectional disparity, it can still experience the sum of the
two referent disparities. In this study, the joint disparity in consumption of fruits, vegetables, and fruits
and vegetables between high educated women and low educated men, although inconsistently affected
by the excess intersectional disparity, was still great in magnitude; inadequate intake of fruits and
vegetables combined was 34.59 pp more prevalent for low educated men than for high educated women.

The discriminatory accuracy of the intersectional groups for identifying inadequate intake of fruits and
vegetables as measured by the AU-ROC was close to - but below - 0.7 and could therefore be considered
moderate. Most importantly, the lack of additional discriminatory power of the cross-classification found
in this study is recurrent in empirical studies using intersectional approaches to study inequalities in
Sweden (34, 38, 39). Those two findings would be commonly interpreted as evidence in favor of universal
rather than targeted intervention in the context of proportionate universalism. For the present study, this
would suggest that the targeting of specific intersectional groups is not suitable as the sole guiding
principle for health promotion planning. However, while this interpretation is straightforward when the
goal is general health promotion in the population, e.g. increase fruit and vegetable intake, it is not as
evident when the goal is promotion of equity in health, e.g. reducing inequalities in fruit and vegetable
intake.

Moreover, the AU-ROC method comes from signal detection theory (50), and there is no clear-cut threshold
that would label a discrimination as high enough for intersectional approaches in epidemiology. Indeed,
examinations of both novel and traditional risk factors for coronary heart disease have yielded similarly
disappointing results when it comes to discriminatory accuracy (51), despite many of them being
established in clinical practice. While discriminatory accuracy represents a necessary complement to
means-centric examinations of health inequalities, and to traditional epidemiology more generally, a
cautious interpretation of its implications specifically in the context of equity promotion is therefore
warranted.

Further research and public health relevance

To our knowledge, this Swedish study is the first of its kind investigating disparities in fruit and vegetable
consumption across intersectional groups defined by gender and education. The intersectional approach
was helpful to shed light on the complex inequality patterns of inadequate intake of fruits and
vegetables. In addition, as the estimated disparities are additive rather than relative measure of inequality,
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they can be used to determine the absolute benefits in population health if a disparity were to be
eliminated (30).

The findings from this study will hopefully help to give a more nuanced understanding of the structural
patterning of disparities in diet, and thereby improve the effectiveness of equity-promoting public health
interventions and policies. Although the moderate discriminatory accuracy in this study could suggest
that universal interventions and policies might be more effective for improving diet quality in Sweden,
there is a risk that they would mostly benefit those already advantaged, and could therefore contribute to
widening inequalities in health (52). A combination of universal and targeted measures to improve diet
quality could be a way forward, in line with proportionate universalist principles (53). This study could
then contribute to giving guidance as to where are the largest disparities, and what are the most relevant
groups to prioritize.

Future research on diet quality could consider operationalizing groups at the intersection of gender,
education, and other inequality dimensions. This could help identify intersectional groups with higher
discriminatory accuracy and facilitate targeted interventions to improve health equity.

Strengths and limitations

Since random sampling procedures were used to draw a sample from the general population, selection
bias is limited to some extent. However, the response rate varied between 42.4% for Västerbotten (46) and
45.8% for Jämtland/Härjedalen (44). Since most people contacted to answer the survey did not answer it,
it is unknown whether the final sample is truly representative of the target population.

It is also not known to which degree the results can be generalized outside of Sweden. Indeed, the
implications of the intersection of gender and education can be expected to differ between contexts. In
addition, the results cannot be generalized to other countries and settings with different patterns of health
and nutrition. The socioeconomic and gender inequalities in fruit and vegetable intake observed in this
Swedish sample might be very different in other social, economic and cultural settings (54-56).

The use of gender as one of the two variables for the operationalization of the intersectional groups can
be questioned. Since this study was interested in investigating social inequalities in health behaviors, and
not potential biological inequalities in health, gender seemed more appropriate as designating a social
construct rather than a biological construct. However, what is measured by available register data is
biological sex recorded at birth, and thus might not always represent gender identity accurately. The
adequateness of using one term or the other in epidemiology has been discussed elsewhere (57).

It was assumed that the frequency of fruit and vegetable intake reported was synonymous with the
amount consumed. Reporting bias could be a concern here. Over-reporting may, for example, have
occurred more in those with higher education since they might be more conscious of the existing
recommendations for fruit and vegetable intake. Under-reporting may have occurred among those with
relatively lower education due to potentially weaker health and nutrition knowledge (58). In contrast, the
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exposure variables and the potentially confounding variables came from high-quality register data and
therefore were not affected by self-report bias.

Since this study is cross-sectional in design, it cannot be used to determine causality, even though reverse
causality is unlikely. In addition, despite adjusting for potential confounders, it is not impossible that
some residual confounding may subsist. However, the associations found between intersectional group
and prevalence of inadequate fruit and vegetable intake are not easily affected by confounders. Indeed,
most third variables such as income or occupation are likely to be determined in part by gender and
education, and if included would risk over-adjustment and result in under-estimation of the inequalities.

Finally, the method described by Jackson et al. (30) allows to quantitatively investigate disparities at the
intersection of multiple social positions and identities, in a way that corresponds to the different
possibilities for an intersectional group to experience disadvantage (24). However, this approach limits
the number of social positions that can be considered simultaneously (30). In addition, it measures
additive interactions, whereas the AU-ROC is based on multiplicative interactions. This may partly explain
why measures of discriminatory accuracy did not identify any intersectional interaction from Model 2 to
Model 3, whereas substantial excess intersectional disparities were estimated for two out of the three
outcomes.

Conclusions
This study found substantial differences in the prevalence of inadequate intake of fruits and vegetables,
favoring high educated women, and disfavoring low educated men. Gender seemed to have a greater
impact than education in explaining the disparity, and estimations of the excess intersectional disparities
were inconsistent across outcome variables. For each outcome, the excess intersectional disparity bore
less weight on the joint disparity than any of the referent disparities, but was substantial for two of the
outcomes. This indicates that studying the intersection of multiple disadvantages might be needed to
explain different patterns of consumption.

The intersectional approach helps illustrate how the intersection of specific identities and social positions
can explain disparities in fruit and vegetable consumption. This could be relevant for public health
policies and interventions whose goals are to reduce inequalities in health by providing a more accurate
picture of the social world when it comes to the consumption of fruits and vegetables. The moderate
discriminatory accuracy seen in this study suggests that interventions and policies aiming to reduce diet
inequalities should not solely be targeted at certain groups, but also be universal.

Abbreviations
AU-ROC
Area Under the Receiver Operating Characteristic curve
CI
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Receiver Operating Characteristic
ΔAU-ROC
change in the ROC Area with Model 1 as reference.
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Figure 1

Inadequate intake of fruits and vegetables (combined), fruits, and vegetables, by intersectional group
(N=21,853). *
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Figure 2

Disparities in consumption between intersectional groups. Crude (solid line) and adjusted (dashed line).
* 


