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Abstract

Background: Many cohort studies have been carried out that have provided
information on the relationship between diet and health-related outcomes.
Omission of important covariates during multivariate analysis may give rise to
error due to residual confounding. A possibly important covariate is
socioeconomic status (SES) as this is related to both diet and health.

Objective: To determine the frequency with which different measures of SES
are included as covariates during multivariate analysis of cohort studies that
investigated the relationship between diet and health.

Methodology: An analysis was carried out of 76 randomly selected papers
from 66 cohort studies. The papers covered many dietary variables and a wide
variety of diseases/health-related outcomes. The cohort studies were carried
out in many different locations and the subjects varied widely in age.

Results: Approximately two-thirds of the papers (65.8%) used at least one
measure of SES as a covariate. Education was used most often (60.5% of
papers), followed by income (14.4%) and social class (2.6%). More than one
measure of SES was used in 11.8% of papers.

Conclusions: Failure to include income (or another measure of present SES,
such as occupation) may be a common source of error in cohort studies.
Over-reliance on education may be particularly important as it is likely to be a
weaker measure of present SES than is income. There is a need for more
research on this question. SES in childhood is almost never included in

multivariate analysis in cohort studies carried out on adults. This could also play

a significant role in disease risk in middle age or later. Very little is known
regarding whether this is also a source of residual confounding.
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(:5755:3 Amendments from Version 1

The paper has been revised, partly based on edits from Dr Vedoy
who reviewed the paper. | have added the words “that investigate
the relationship between diet and disease” to the title. | have also
made an addition to the Discussion in the section where | discuss
the relative importance of income and education in relation to how
SES might affect risk of disease. The following has been added:
“It is also possible that the reverse may be true. Education is stable
throughout adulthood and provides individuals with certain
abilities related to learning and thinking which are important in
matters of health.”

See referee reports

Introduction

Socioeconomic status (SES) is related to diet and health. It is well
established that affluent people have superior health compared
to poorer people'. A major part of the explanation for this is that
people with high SES generally follow a healthier lifestyle'. Of par-
ticular note, many studies have reported that people with a higher
SES consume a more nutritious diet’. This pattern has been consist-
ently reported in the USA, Canada, and many European countries,
and is seen with different indicators of SES — education, income,
and occupation.

This suggests that income, or other indicators of SES, may be a
relevant factor in cohort studies. It follows, therefore, that failure to
include SES in multivariate analysis of findings from cohort studies
may be a source of error due to residual confounding. The poten-
tial importance of this was shown by an analysis of data from the
British Women’s Heart and Health Study. Adjusting for a range of
factors that indicate SES, both those in childhood and adulthood,
attenuated the relationship between the plasma concentration of
vitamins C and E and risk of coronary heart disease (CHD) in adults
aged over 60 years’.

The analysis described here was carried out in order to investigate
the extent of this potential source of error.

Methods

An analysis was carried out of papers that reported the findings of
cohort studies. The main inclusion criteria were, first, the papers
were published in journals in the year 2000 or later, and, second,
they reported findings on the relationship between dietary intake
and health-related outcomes, such as body weight or disease. The
papers were found using two main search strategies: (1) they were
cited in various meta-analyses; and (2) by searching journals that
cover the areas of nutrition, health, and medicine but with the search
restricted to issues published in late 2013. A list of all papers used
in this study is included in the Supplementary material.

Each paper was studied and key information was extracted. In par-
ticular, a record was made indicating whether the risk ratios were
adjusted for factors that indicate SES, such as education and income.
Where available, information was also extracted that reported asso-
ciations between SES and dietary variables (e.g., whether study
subjects with more education consumed more fish). In addition,
for comparative purposes a record was kept of whether alcohol,
physical activity, and hypertension were included as covariates.

F1000Research 2016, 4:690 Last updated: 06 JUN 2016

Many cases were found where two or more papers were based on
the same cohort study. In those cases each paper was evaluated.
However, only one of the papers was included here unless, with
respect to the covariates that are the focus of this paper, the papers
used different covariates in the multivariate analysis. Papers were
also included if they contained relevant information on the associa-
tion between SES and dietary variables. After these exclusions and
inclusions 76 papers from 66 cohort studies were included in the
final analysis. Ten were published in the years 2000 to 2003, 15
during 2004 to 2007, 27 during 2008 to 2012, and 24 during 2013.
The study is therefore based on a convenience sample of cohort
studies rather than a systematic review. Nevertheless, because of the
large number of cohort studies included, the findings are likely to be
representative of cohort studies published in recent years.

Results

The findings reported here are based on 66 cohort studies of which
52 were carried out on adults and 14 on children (age <18 years).
They were carried out in the USA (30), Europe (28), Asia (5), and
Canada (3).

The analysis included 76 papers. They covered a wide variety of
diseases/health-related outcomes, including body weight or another
measure of adiposity (25), cancer (21), type 2 diabetes (5), and
all-cause mortality (16). Cardiovascular disease was studied in 33
papers, of which 19 looked at all forms of CVD combined, 13 at
CHD, one at both CVD and CHD, and two at stroke. These
76 papers covered many aspects of the diet, including sugar-
sweetened beverages (18), diet patterns (14), multivitamin supple-
ments (8), fish (7), milk (7), sodium (6), and meat (4). The great
majority of the papers covered only one dietary variable; the main
exception was studies on beverages where different beverages were
often included in the same paper. Physical activity was included
as a covariate in 56 of the 76 papers (73.7%), alcohol in 43 of the
61 papers on adults (70.5%), and hypertension or blood pressure in
21 of the 33 papers on CVD (63.6%). At least one measure of SES
was included as a covariate in 50 of the 76 papers (65.8%). Educa-
tion was by far the most common (60.5%), followed by income
(14.4%) and social class (2.6%). Several papers (11.8%) included
more than one measure of SES.

Papers based on studies of children used a measure of SES with
a similar frequency to those on adults. Parental SES was used in
those studies.

Many of the papers reviewed here reported on the association
between SES and diet. In general, people with more education
consumed a diet that is associated with better health. This includes
more fish’~, less meat®’, as well as a healthier overall dietary
pattern'*-". In addition, some papers reported that those with more
education consume more sugar-sweetened beverages'*'?, more fruit
juice'*'°, and more sodium'”'®. A particularly clear trend is the
association between education and consumption of multivitamin

19-2

supplements'**.

A small number of the papers reported on the association between
income and diet. Consistent with the above findings higher income
is associated with eating more fish®’ and a healthier overall dietary
pattern'”.
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Discussion

The methodology used here has strengths and weaknesses. The
papers analyzed were mostly published in the last few years (51 of
the 77 papers appeared between 2008 and 2014 while the remainder
appeared between 2000 and 2008). They cover a wide range of die-
tary components and outcomes. Sixty-four of the 66 cohort studies
were carried out in the USA, Canada, Europe, or Japan. The find-
ings are therefore likely to be representative of cohort studies pub-
lished in recent years that investigated the relationship between diet
and risk of a wide variety of diseases and health-related outcomes.
However, as the papers analyzed were randomly selected, there
may be a degree of selection bias.

Approximately two-thirds of the papers (65.8%) used at least one
measure of SES as a covariate. The most commonly used one was
education (used in 60.5% of papers), followed by income (14.4%)
and social class (2.6%). Some papers (11.8%) used more than one
measure of SES. The frequency of inclusion of SES as a covariate is
similar to that seen for the other covariates that were looked at here
(73.7% tor physical activity, 70.5% for alcohol in papers on adults,
and 63.6% for hypertension or blood pressure in papers on CVD).

Many of the papers provided information on the relationship between
SES and diet. The findings reveal that people with more education
typically consume a healthier diet. However, with some aspects
of the diet the opposite trend was seen: several papers reported
that those with more education consume more sugar-sweetened
beverages and more sodium. They also consume more multivitamin
supplements. Income also seems to be positively associated with
diet quality; however, only a handful of papers provided information
on this. That persons with a higher SES consume a generally more
nutritious diet is consistent with previous studies (2). Likewise,
previous studies have also consistently reported that users of
multivitamin supplements are generally better educated”>'.

The findings reported here indicate that failure to include SES in
multivariate analysis of cohort studies may be a source of error due
to residual confounding. There are several ways by which this might
happen. For example, in studies of CVD, error may occur if people
of higher SES have better access to the health-care system and are
therefore more likely to be screened for risk factors for CVD and
to then receive better quality preventive treatment (such as diag-
nosis and treatment of hypertension). Similarly, error may arise in
studies where body weight is the end-point if those of higher SES
make greater efforts than those of lower SES to avoid excess weight
gain. Conversely, lower SES may increase the risk of disease via
psychological pathways, such as by raising the level of stress or by
inducing feelings of disempowerment.

In some cohort studies subjects are fairly similar with respect to
SES. For example, the Physicians’ Health Study included only male
physicians®. In such cases failure to adjust for SES is unlikely to
lead to a significant error. However, in the large majority of cohort
studies the subjects have a fairly wide variation in level of education
and income.

Education, income, and social class (or occupation) has each been
used as a covariate in the analysis of results from cohort stud-
ies. Education has been used far more often than the other two
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indicators of SES. While all three are closely associated with SES,
they are quite distinct. For example, many people have a relatively
poor education but still achieve a high income. This often occurs by
marriage or by becoming a successful businessperson. Conversely, a
person may have a college education but end up with a low income.
It follows, therefore, that income (which indicates SES at the
present time) may exert more influence on health and behavior than
does education (which may have ceased 20 years or more before
the cohort study started). Support for this possibility came from an
Australian analysis that concluded that income was more strongly
associated with diet than was education”. These findings indicate,
therefore, that as only a small minority of cohort studies (14.4% of
the publications) included income as a covariate, this may be a sig-
nificant source of error due to residual confounding. It is also pos-
sible that the reverse may be true. Education is stable throughout
the lifespan and provides individuals with certain abilities related
to learning and thinking which are important in matters of health.
Measuring income of subjects recruited to a cohort study may often
be problematic as many people refuse to divulge their income.
For that reason occupation may be a more appropriate measure.

A related question is SES in childhood as this could play a signifi-
cant role in disease risk in middle age or later. This was suggested
by findings from a British cohort study’*. Adjusting for a range of
factors that indicate SES, both those in childhood and adulthood,
attenuated the relationship between the plasma concentration of
both vitamins C and E and risk of CHD in adults aged over 60.
With the exception of that study, I am unaware of any other cohort
study that has examined the relationship between SES in childhood
and disease risk in adults older than age 50.

As cohort studies vary widely in such features as the country where
they are conducted, the age and gender of subjects, the dietary vari-
ables being studied, and the health outcomes being investigated, it is
likely that the magnitude of the error caused by residual confound-
ing will also be highly variable. More research effort is required
to determine the extent to which failure to adjust for SES across
the lifecycle (as well as of other covariates) is a source of error in
cohort studies.

Another potentially important covariate is growth in the fetal period
and early infancy. Fetal development, as indicated by birthweight,
as well as the rate of weight gain in early childhood, are predic-
tors of risk of developing heart disease and type 2 diabetes 40 or
50 years later’. While these variables may be only weakly related
to SES, they are relevant here as they again underscore how diet,
lifestyle, and SES in childhood (or even before birth) may be
associated with disease risk decades later.

In conclusion, many cohort studies may have residual confounding
caused by the failure to adjust for key covariates. Little attention
seems to have been paid to this possible source of significant error.
Of particular concern is the question of SES: roughly one third of
papers have not included any measure of SES among the covari-
ates. Education was used as the measure of SES far more often than
income. However, education is likely to be a weaker measure of
present SES than is income. There is a need for more research on
the extent to which failure to include income (or another measure of
present SES, such as occupation) leads to error in cohort studies.
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1. The objectives of the study may be clarified in the background or methods sections of the abstract;

2. In the conclusions of the abstract, | suggest to delete the term "therefore" (29 line of the
Conclusions);

3. In population-based cohort studies, income may represent a major problem, given the likely high
nonresponse rate. For example, in a European cross-sectional study | conducted in 2010 on more
than 18,000 European adults, 22% of participants did not provide information on income, and only
a negligible proportion of subjects did not provide information on education. Also for this reason,
education (or alternatively occupation) may be considered a more appropriate proxy of SES than
income. This issue may be further addressed both in the abstract and in the main text.

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.
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Tord Finne Vedoy
Norwegian Institute for Alcohol and Drug Research, Oslo, Norway

This paper is an important reminder that SES is a crucial factor to consider when doing research on health
related lifestyle issues. However, | do have some comments of minor importance.

First, in the first paragraph of the introduction the author emphasizes the role of a nutritious diet for a
health lifestyle. Although | understand that the paper focuses on nutrition, it could be noted that smoking
still is one of the largest, if not the largest, single cause of death and disease in most developed countries.
For the same reasons it might be a good idea to mention in the title that the focus of the paper is nutrition.

Second, the author should make explicit what is meant by “cohort studies”. Does this refer to
panel-studies, age-period-cohort studies or both?

Third, the transition from the first to the second paragraph in the introduction seems wanting. As | read it, it
is the pattern (“that people with a higher SES consume a more nutritious diet”) that “suggests that income,
or other indicators of SES, may be a relevant factor in cohort studies”. However, if cohort is to be an
important factor, the temporal or historical dimension of the pattern should be emphasized.

Fourth, the discussion of the relative importance of different measures of SES on health could be more
nuanced. While there may be good reasons for using income rather than education as a measure of SES,
especially in matters of consumption, education has certain characteristics which income lacks. For
example, education is stable throughout the lifespan and provides individuals with certain abilities related
to learning and thinking which are important in matters of health. These ideas has been discussed by for
example Cutler and Lleras-Muney (2010).
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I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard, however | have significant reservations, as outlined
above.
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| thank Dr Vedgy for his helpful comments. | have made edits to the paper based on those
comments.
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