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Abstract

Non communicable diseases (NCDs) such as cancer, heart disease, stroke, chronic lung diseases and
diabetes are the leading causes of death across OECD countries and represent a major disability burden
among the living. At the same time, there is an increasing awareness of the prevalence and importance of
mental ill health in society. In addition to personal suffering, both NCDs and mental ill health are associated
with increased economic costs for governments through healthcare costs and lost productivity. As they
often co-occur, it is crucial to better understand the relationship between NCDs and mental illnesses in
order to develop policies that adequately address both.

The aim of this paper is to better understand the impact of NCDs on depression. SHARE data from 19
countries, collected between 2004 and 2015, was used to explore this relationship. The results suggest
that people living with cancer have a 15% increased risk of depression, with heart disease an 18%
increased risk, with diabetes an 18% increased risk, with stroke a 23% increased risk and with chronic
lung disease a 27% increased risk of depression relative to those without, controlling for age, sex, and
baseline depression status among other factors.

In addition, several analyses were conducted to support a causal relationship between NCDs and
depression. This paper shows that new cases of depression follow the diagnosis of an NCD, and that the
effect persists when using different variables representing mental ill health, and when adjusting for other
variables that are known to also influence mental ill health. Additionally, analyses confirmed that the risk
of depression increases with increasing numbers of NCDs, suggesting a dose-response effect.

This research underscores the importance of addressing the mental health and well-being of people living
with NCDs. Furthermore, the findings suggest that strategies which aim to reduce the burden of NCDs
could bring additional mental health co-benefits to society.
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Résumeé

Les maladies non transmissible (MNT) telles que le cancer, les maladies cardiaques, les accidents
vasculaires cérébraux (AVC), les maladies pulmonaires chroniques et le diabete, sont les principales
causes de déces dans les pays de 'OCDE et représentent un fardeau majeur en termes de handicap pour
les personnes atteintes. Parallélement, une prise de conscience émerge au sein de la société quant a la
prévalence et I'importance des troubles mentaux. Au-dela des souffrances qu’ils causent chez les
personnes touchées, les MNT et les troubles mentaux sont associés a des colits économiques accrus
pour les gouvernements, en raison des dépenses de santé et de la perte de productivité qu’ils entrainent.
Puisqu’ils coexistent fréquemment, il est essentiel de mieux comprendre leur relation afin d’élaborer des
politiques adaptées.

L’objectif de cet article est de mieux comprendre l'impact des MNT sur la dépression. Des données
provenant de 19 pays, collectées entre 2004 et 2015, ont été utilisées pour explorer cette relation. Les
résultats suggerent que les personnes vivant avec un cancer présentent un risque accru de dépression de
15%, par rapport a la population générale, en contrélant pour I'age, le sexe, et le statut initial de dépression,
parmi d’autres facteurs. Le risque de dépression augmente également pour d’autres maladies : de 18%
chez les personnes souffrant de maladies cardiaques ou atteintes de diabéte, de 23% chez celles ayant
eu un AVC, et de 27% chez les personnes souffrant de maladies pulmonaires chroniques.

De plus, plusieurs analyses ont été réalisées pour soutenir un lien de causalité entre les MNT et la
dépression. Ce document met en évidence la survenue de nouveaux cas de dépression associés au
diagnostic de MNT, et montre que cet effet persiste malgré l'ajustement pour diverses variables
représentant les troubles mentaux ainsi que d’autres facteurs connus pour influencer la santé mentale. De
plus, les analyses confirment un risque accru de dépression concomitant a 'augmentation du nombre de
cas de MNT, suggérant une relation dose-effet.

Cette recherche souligne l'importance de prendre en compte la santé mentale et le bien-étre des
personnes vivant avec des MNT. De plus, les résultats suggérent que des stratégies visant a réduire le
fardeau des MNT pourraient apporter des co-bénéfices supplémentaires en matiére de santé mentale pour
la société.
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In Brief

Non communicable diseases (NCDs) such as cancer, heart disease, stroke, chronic lung diseases and
diabetes are the leading causes of death across OECD countries and represent a major disability burden
among the living. At the same time, there is an increasing awareness of the prevalence and impact of
mental ill health in society, particularly in the wake of the covid pandemic.

While NCDs and depression frequently occur together as there are environmental and behavioural
factors that can commonly contribute to both, it is important to better understand whether NCDs are a
direct cause of depression. If the relationship is causal, then policies should be developed to address
the impact of NCDs on people’s mental health, such as measures for early detection and support for
mental ill health among people diagnosed with NCDs. In addition, it would mean that reducing the
burden of NCDs would also reduce the burden of depression in society.

OECD analysis of SHARE data shows that NCDs increase the risk of experiencing depression. Having
cancer is associated with a 15% increased risk of depression, people living with heart disease have an
18% increased risk, with diabetes an 18% increased risk, with stroke a 23% increased risk and with
chronic lung disease a 27% increased risk of depression relative to those without.

Having one or more NCDs increases the risk of depression in a dose-responsive manner. One NCD
increases the risk of depression by 21%, two by 42% and three or more by 50%. This dose-response
relationship between the number of NCDs and risk of depression suggests that there is a causal
relationship between NCDs and depression.

The relationship between NCDs and depression is consistent, even when different measures of
depression are taken, strengthening the argument for causality. For example, people with one NCD had
a 31% higher risk of taking medicines for anxiety or depression; those with two have a 61% higher risk,
and those with three or more have a 77% higher risk.

The increase in depression with NCDs applies to all people in this study, regardless of gender or
socioeconomic status. Women and people in financial difficulties are more likely to experience
depression, regardless of the number of NCDs. Gender and socioeconomic gaps in depression risk
persist, even as the overall risk of depression rises with increased NCDs.

There are several biological, psychological and social factors that drive the relationship between NCDs
and depression. Psychologically and socially, loss of sense of self, social isolation from fatigue and lack
of energy that drive loss of pursuit of normal activities, limitations to mobility, activities of daily living and
chronic pain have all been associated. Fear and uncertainty of the incurable and unpredictable nature
of certain NCDs contribute, as do beliefs about their NCDs and ability to self-manage their NCD.
Biologically, neurodegeneration associated with certain NCDs and side effects of treatments associated
with others play a role. Although bidirectionality and reverse causality cannot be ruled out, there is
evidence that some shared risk factors drive both conditions via different mechanisms. At the same
time, health promotion activities that address these shared risk factors such as exercise and smoking
__________________________________________________________________________________________________________________________________|
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cessation can subsequently improve both physical and mental health. Some of the risk factors specific
to NCDs are also modifiable and when actioned upon can improve mental health, such as improved
self-care and training in self-management of NCDs.

There are also important economic implications for the increased rates of depression among people
with NCDs. Both NCDs and depression are individually associated with increased treatment costs and
decreased productivity. However, healthcare costs are even greater when depression and NCD coexist.
For example, studies have shown that having both diabetes and depression almost doubles individual
healthcare costs, more than triples the number of hospitalisations for complications of diabetes and
doubles the risk of multiple hospital admissions compared to having diabetes alone. Depression can
also accelerate the disease course of NCDs due to a variety of factors such as reduced self-care,
reduced adherence to treatments and less healthy life choices. The increased burden of depression
among people with NCDs demands that mental health forms an integral part of policy planning and
action on NCDs, from a primary, secondary and tertiary prevention standpoint. Health promotion actions
could be evaluated and prioritised in light of their combined contribution to both physical and mental
health. This compounding benefit should be factored into the cost-benefit analysis of exercise promotion
programmes in NCD action plans.

In terms of tertiary prevention, improving self-management abilities of patients for their NCDs have been
shown to slow progression, reduce costly hospitalisations and improve mental wellbeing. These
outcomes should be considered when weighing up the resource costs and benefits of programmes,
infrastructure and care delivery models designed to support self-management. Additionally, identifying
and treating depression could help improve treatment adherence and participation in self-care and
health promotion activities in certain cases. The consequent benefits to society from improved
population productivity and reduced treatment costs warrant inclusion in NCD action plans.

The results in this paper will be incorporated into the OECD Strategic Public Health Planning (SPHeP)
NCDs model so that depression can be systematically included in analysis on NCD prevention, allowing
for a more comprehensive analysis of policy with mental health as a core component.

*Countries included in this analysis from the SHARE database: Austria, Belgium, Czechia, Denmark,
Estonia, France, Germany, Greece, Hungary, Israel, Italy, Luxembourg, Netherlands, Poland, Portugal,
Slovenia, Spain, Sweden, Switzerland
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1 Background

1. Non communicable diseases (NCDs), including cancer, diabetes, chronic lung diseases, stroke
and heart disease contribute significantly to ill-health worldwide. NCDs are the leading causes of ill health
globally, making up seven out of ten deaths worldwide (Bennett et al., 20184) and 89% of deaths in OECD
countries in 2019 (Murray et al., 2020;5). NCDs accounted for 330 million disability adjusted life years
(DALYs) in OECD countries in 2019, a 15% increase from an already high figure of 280 million in 2000
(Murray et al., 2020;5)). That increase alone is more than the entire burden of DALYs from all causes in
2019 in France and Germany combined. DALYs refer to the years of life lost due to premature mortality
and the years lived with disability (Murray et al., 2012).

2. Depression is one of the most common comorbidities of many NCDs (Gold et al., 2020(7;). Studies
show rates of depression of up to 41% among certain NCDs (Berk et al., 2023(g)), 15-30% among patients
with heart disease (Vaccarino et al., 20209) and 17-24% among patients with cancer (Krebber et al.,
2013y10)).

3. There are several factors that can explain how NCDs could cause depression that touch on the
biological, psychological, and social aspects of the conditions.

e From a biological standpoint, the biological mechanisms of certain NCDs, such as
neurodegeneration or brain lesions in stroke, Parkinson’s and multiple sclerosis can impact
emotional regulation and contribute to depression (Gold et al., 2020;7;). Medications and other
treatments related to certain medical diseases can also play a role (Gold et al., 20207;; Lang and
Borgwardt, 201311)).

e Psychological and social factors can majorly contribute. A meta-analysis and qualitative synthesis
on patient experiences of depression and anxiety with chronic disease found in a majority of papers
patients tended to experience depression as a consequence of being diagnosed with an NCD, with
multiple factors such as uncertainty about the future, loss of sense of self, loss of relationships and
social isolation and feelings of guilt contributing (DeJean et al., 201312)).

e From a symptom standpoint, limitations to mobility, activities of daily living and chronic pain have
all been associated with depression among people with NCDs (Feng et al., 202313;; Jiang, Zhu
and Qin, 2020(141). Some patients find that fatigue and lack of energy keep them from pursuing their
normal activities, and limitations in activities of daily living lead to feelings of frustration and sadness
(DedJean et al., 2013(12).

o Beliefs people hold about their disease and coping style can play a role (Ziarko et al., 201415);
Read et al., 201716)). Some patients report sudden episodes of panic waking up at night and being
unable to sleep due to worrying about their NCD while others have a more constant feeling of
uncertainty, attributed to the incurable nature of their disease, an unpredictable disease course or
fears about death (Dedean et al., 2013}12).

4. People living with NCDs as well as depression have poorer health outcomes and quality of life
than people with only NCDs. Comorbidity of an NCD and depression worsens health more than any
combination of NCDs without depression (Moussavi et al., 200717;). Adults with comorbid diabetes and
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depression have been shown to be three times more likely to be hospitalised for complications of diabetes
(McDaid and Park, 20141; Subramaniam et al., 20091¢1), and to have double the risk of multiple hospital
admissions compared to people with diabetes alone (Vamos et al., 200920;; McDaid and Park, 20141g)).
Depression has also been identified as an independent risk factor for both short- and long-term
readmissions for acute exacerbation of chronic obstructive pulmonary disease (COPD) (lyer et al., 201621)

5. In addition to the increased health burden, the co-occurrence of NCDs and depression also
increases healthcare costs. In the United Kingdom, depression was found to be the most important cost-
increasing condition among adults with NCDs, not only because it is the biggest contributor to comorbidity
related expenses across all ages, but also because depression is highly prevalent (McDaid and Park,
20141g); Brilleman et al., 2013227). In the United States, healthcare costs for patients with diabetes and
depression were almost USD 20 000 compared to USD 11 000 for people with only diabetes (McDaid and
Park, 20141g); Le et al., 201123)). In France, a study by Cortaredona and Ventelous (201724)) found based
on 2014 French data that major depression among people with at least one NCD increased healthcare
expenditure from an additional EUR 1 246 (+/- EUR 555) for men aged 18-39 up to EUR 4 054 (+/- EUR
1 064) for women aged 85-89.

6. As NCDs and depression commonly co-occur, it is important to better understand the relationship
between them. If NCDs increase the risk of depression, policies need to be developed to address the
impact of NCDs on people’s mental health. One way of doing this is through early detection and treatment
of depression among people with NCDs. This could help to both improve overall wellbeing and additionally
mitigate some of increased costs associated with having depression as a comorbidity. For example,
psychosocial interventions can improve self-care behaviours and well-being, encouraging healthier
lifestyles and better adherence to treatments, ultimately reducing hospitalisation and cost. There is
significant overlap between well-being and NCD self-management, whereby learning self-management
skills is associated with reduced depression (Campbell et al., 2022/25)), and where improved wellbeing can
lead to better self-care and healthier lifestyle choices . Bundling psychological support with chronic disease
management in an integrated care model also reflects and reinforces a patient centred approach with
health promotion and well-being at its core.

7. In addition, it would mean that reducing the burden of NCDs would also reduce the burden of
depression in society. In this case, the burden of depression should be taken into account when designing,
implementing and evaluating the health and economic outcomes of public health policy that addresses
NCDs.

8. This paper aims to increase our understanding of whether and to what extent NCDs play a role in
determining the mental ill health of our societies, by evaluating and quantifying a potential causal
relationship between NCDs and depression. It also contributes to more accurate modelling of public health
policy, by including the impact of NCD prevention on mental well-being. Incorporating relative risks
between NCDs and depression is one piece of the puzzle along with population dynamics, risk factor and
NCD prevalences, labour market links and trajectory modelling that can allow us to better model the
economic impacts of NCD linked depression, performed through the OECD SPHeP (Strategic Public
Health Planning) model. These results will consequently help inform the development of the OECD SPHeP
NCDs model (OECD, 2020;26)).
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z Methodology

9. As the relationship between NCDs and depression is complex, with many confounders and reverse
causality, this study focused on establishing whether there is evidence to help support a causal
relationship, in which NCDs lead to depression, and quantifying the strength of this relationship. The
approach taken centred on causation principles described by Bradford Hill (196527) among others, detailed
further in Annex A.

2.1. Data used in this study

10. For this study data was used from the Survey of Health, Ageing and Retirement in Europe
(SHARE) release version 8.0.0. SHARE is an ongoing project which began in 2004 that aims to collect
information about sociodemographic characteristics, physical and mental health, health-related
behaviours, economic status, and social networks from individuals aged 50 and older with further details
on methodology described in Bérsh-Supan et al. (2013;1;). The first wave of the SHARE survey took place
in 2004. Subsequent waves were conducted every two years on average, with data collection in each
country taking approximately a year, except during the COVID-19 pandemic. The study completed wave
eight in 2022. New participants (refreshment samples) are added in each wave (Lusa and Huebner,
20213)). See Bergmann, M. et al., (2019z) for response and retention rates. The number of countries
involved has expanded from the first wave to now include 28 European Countries' and Israel (European
Health Information Portal, 20222s))? .

11. SHARE data was used as it offers significant advantages compared to alternative options. First,
SHARE provides comparable information across multiple OECD countries. Additionally, being a
longitudinal study, it allows for the study of temporality (exposure prior to outcome) which was a key
requirement for this analysis. Finally, the SHARE dataset is focused on individuals aged 50 or older, which
is particularly valuable given that NCDs become prevalent in this population group.

2.2. Variables used in this study

12. Depression, the main outcome variable, was treated as binary (yes/no), based on a cut off value
of four from the EURO-D scale. The EURO-D is a 12-point scale based on questions regarding depressive
symptoms experienced over the past month (see Annex B for the questions in more detail and for
comparisons with clinical and other survey measures). The maximum score of 12 corresponds to ‘very
depressed’ while the minimum score is zero which corresponds to ‘not depressed’ (Mehrbrodt, Gruber and
Wagner, 201929). Although there are many ways to measure depression, each with their own advantages,
limitations and differing prevalence estimates (see Annex B), the SHARE symptom measure was used as
it offered validated, internationally comparable and longitudinal microlevel data on depression that is linked
to the other variables of interest for this study. Although prevalence estimates vary greatly depending on
the study, method employed, and severity thresholds used, a meta-analysis by Cai et al., (2023(30]) shows
that about one third of older adults have depression, which aligns with the 30-40% prevalence estimates
found in SHARE, depending on the wave pair, using EURO-D with a cut-off of four. Prevalence estimates
would be lower if a higher cut off score of five for example was used, however a cut off of four was most
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consistent with the literature (Mehrbrodt, Gruber and Wagner, 201929;; Marques et al., 202131;; Lusa and
Huebner, 20213;; Kucera, Wolfova and Cermakova, 202032;; Han et al., 2021}33)) and so was selected.

13. The other variables used in the study included the NCDs heart disease, stroke, diabetes, cancer
and chronic lung disease (see Annex C for details). This group of NCDs was selected because they
represent the majority of the burden of NCDs across OECD countries and because they have highest
policy relevance, given they reflect the 5x5 NCDs prioritised in the most recent UN High level Meeting on
NCDs (2018341). NCD variables were binary, based on the participant reporting that they did or did not
have a particular NCD. Variables used to adjust for confounding include sex, age, country of residence;
socioeconomic status; alcohol consumption and smoking status, with further details on how these
questions were asked in SHARE are detailed in Annex C. Smoking status was binary based on the
participant self-reporting whether they had ever smoked daily for a period of at least one year, and alcohol
consumption was binary based on the participant reporting that they drank alcohol daily. Socioeconomic
status was classified into four categories based on the financial distress variable asking self-reported ability
to make ends meet. These variables were adjusted for to try isolate the link between NCDs and depression
and address confounding, as they are shared risk factors for both.

2.3. Data cleaning and wave pair construction

14. Data from survey waves 1 through 6 were used for this analysis, with the exception of wave 3
which was a retrospective life history wave and different to the other waves of SHARE. Cross sectional
analysis was performed on survey wave 5, which was the most recent wave with all relevant predictive
variables asked in the most comparable manner.

15. For longitudinal analysis, survey waves were analysed as wave pairs with an average of two years
between waves. Three wave pairs were formed: wave pair 1-2, wave pair 4-5 and wave pair 5-6
(Figure 2.1). Only participants who participated in both the initial and follow up wave of the wave pair were
retained. The reason for this was that people with NCDs, and in particular with cancer, are less likely to
participate in all of the survey waves due to illness, death or loss to follow up for other reasons, leading to
high levels of attrition (drop out) over the course of several waves. Limiting the follow up to pairs of waves
rather than across all waves reduced the impact of this higher attrition rate. The datasets for the three
wave pairs were filtered to contain countries common to all three, to allow for greater comparability between
wave pairs. The 19 countries included were: Austria, Belgium, Czechia, Denmark, Estonia, France,
Germany, Greece, Hungary, Israel, Italy, Luxembourg, Netherlands, Poland, Portugal, Slovenia, Spain,
Sweden and Switzerland.

16. Missing data was explored for the selected variables (with an imputed variable from SHARE used
for SES), and the proportion of missing data was low for the selected variables (mostly below 1% and all
below 5%) with no discernible pattern. Observations with missing data for the selected variables were
subsequently removed. Data preparation was performed in python using version 3.9.13 using a number
of libraries including pandas, numpy and statsmodels.
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Figure 2.1. Wave pairs
[ Wave 1 ] Wave 2 Wave 3 Wave 4 Wave 5 Wave 6
2004/05 2006/07 2008/09 2010/11 2013 2015

Wave Pair 1-2 Wave Pair 4-5 Wave Pair 5-6
Sample: 19 693 Sample: 36 992 Sample: 45 375

Note: The above years refers to the years in which the respective waves of the SHARE survey were carried out.
Source: SHARE and Authors analysis of SHARE data.

2.4. Data analysis

17. Descriptive statistics were produced as a preliminary assessment, with findings described further
in the results section, and baseline characteristics of the sample described in Annex D. The burden of
depression among people with NCDs was examined cross sectionally using data from wave 5. Diseases
were considered both individually and grouped into one, two and three or more NCDs (results in
section 3.1).Relative risk regressions were performed using modified poisson regression on the wave pair
data to measure the increased risk of depression due to NCDs when adjusting for confounders (results in
section 3.2). By using longitudinal wave-pairs, this analysis tested the temporality of the association,
looking at whether the exposure (NCD) precedes the outcome (depression), supporting a causal
relationship. By testing both individual NCDs as well as grouping NCDs into a list of one, two and three or
more NCDs, a dose-response effect was explored.

18. To ensure the consistency of the effect across different study designs, regressions were run with
and without adjustment for baseline depression, as well as running another regression excluding
participants with depression at baseline (results in section 3.3).

19. To assess consistency across outcome measures, a proxy variable for depression was chosen
and relative risk regression undertaken (results in section 3.4). This proxy variable was medication for
anxiety or depression, which partially captures some of the population who have depression.
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3 Results

3.1. Depression is more common in people with NCDs

20. Cross-sectional analysis shows that depression is more common among participants with cancer,
diabetes, heart disease, stroke and chronic lung disease compared to those without. Descriptive analysis
of wave 5 shows that for each disease, depression is more common in those with the disease compared
to those without NCDs (Figure 3.1). For example, people with cancer have a 16-percentage point increase
in depression compared to those without any NCD (40% for cancer vs 24% for people without an NCD),
and the effect is even stronger for heart disease, stroke and chronic lung disease.

Figure 3.1. Prevalence of depression among people living with selected NCDs

This figure, based on cross sectional data from SHARE survey wave five using survey weights, shows
the proportion with depression with a given NCD compared to without that NCD based on SHARE data,
stratified by sex.
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Note: Depression is measured as a binary variable depressed/not depressed based on the EURO-D scale, a validated instrument for measuring
depression in people aged over 50. Weighted samples are used, with error bars representing the 95% confidence intervals for the unstratified
NCD means.

Source: Authors analysis of SHARE data wave five.
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21. There is a higher proportion of participants with depression as the number of NCDs increases
(Figure 3.2). For example, cross sectional analysis from wave five (shown below) shows that people with
three or more NCDs are more than twice as likely to have depression compared to people without NCDs
(59% vs 24%). The prevalence of depression increases from 24% among people with no NCDs to 36%
among people with one NCD, 47% among people with two NCDs and 59% among people with three or
more NCDs. The increase in depression with NCDs is valid for both male and female participants, and
there remains a gender gap at every number of NCDs shown, with female participants more commonly
experiencing depression than men. Such a dose-response relationship, where greater burden of NCDs
translates to higher prevalence of depression, suggests that the relationship between NCDs and
depression would be causal.

Figure 3.2. Frequency of depression among people with increasing number of NCDs

This figure, based on cross sectional data from SHARE survey wave five using survey weights, shows the
increasing proportion of depression among groups with a greater number of NCDs.
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Note: Weighted samples are used, with error bars representing the 95% confidence intervals around the mean for the unstratified analysis.
Source: SHARE survey wave five.

22. The increased risk of depression with increasing NCDs persists across different strata of socio-
economic status (SES) (Figure 3.3). In this study, financial distress was used as a proxy measure of SES
(see section 2.2 and Annex C for further details), with participants asked about their ability to make ends
meet. Responses varied from ‘easily’ to ‘with great difficulty’. For all the SES groups, the risk of depression
increased as the number of NCDs increased, and people in the lowest SES were most likely to experience
depression in every category of number of NCDs. Although financial hardship was more common among
people with the most NCDs (Annex D), higher depression rates among those with more NCDs cannot be
attributed solely to higher poverty levels, as all SES strata show increases in depression with more NCDs,
as shown in Figure 3.3. This is further supported by the results in sections 3.2, 3.3 and 3.4 which show
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that increasing the number of NCDs raises the risk of having depression, even after adjusting for
differences in financial hardship.

Figure 3.3. Frequency of depression among people with increasing number of NCDs, stratified by
socio-economic status

Socioeconomic status is represented here as ability to make ends meet.
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Note: Weighted samples are used, with socio-economic status represented by the variable ability to make ends meet. More information on

variables used in this study in Annex C.
Source: Authors analysis of SHARE survey wave five.
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3.2. NCDs increase the future risk of depression

23. To quantify the increased risk of depression at follow up due to the presence of NCDs at baseline
—thus establishing a temporal effect in support of a causal relationship -, a relative risk regression (Box 3.1)
was used on wave-pair data. The regression was performed adjusting for age, sex, socioeconomic status,
country, smoking status, and alcohol consumption. The analysis was also adjusted for baseline depression
status, to account for fact that people with a history of depression are much more likely (but not certain) to
experience depression in future.

Box 3.1. Relative Risk (RR)

Relative risk (RR) is the “ratio of the probability of an event occurring with an exposure versus the
probability of the event occurring without the exposure” (Tenny and Hoffman, 202335)). Taking cancer
and depression as an example, a RR of 1.17 can be interpreted as the risk of experiencing depression
being 17% higher in people living with cancer relative to the risk of depression in people who do not
have cancer. In other words, people with cancer have a 17% higher risk of also experiencing
depression. It is important to note the risks are relative to the baseline, and not absolute increases.
Going back to the same example, this means that if on average people had a 10% risk of experiencing
depression (baseline risk of 10%), people with cancer but without any other risk factor different from the
baseline would have a risk of 11.7% (rather than the baseline 10%) of experiencing depression, due to
cancer increasing their increased risk of having depression.

24, Each NCD tested was associated with an increased risk of depression (Table 3.1. ). The effect
was roughly consistent across wave pairs, and the average increased risk of depression was 15% for
people with cancer and diabetes, 17% for heart failure, 25% for chronic lung disease and 21% for stroke.
While the increased risk of depression was statistically significant for each NCD compared to not living
with that NCD, the differences between which type of NCD lives with has in this analysis did not change
the risk to a large extent, given that confidence intervals overlap.

Table 3.1. Relative Risk of depression with individual NCDs

Variables RR 1-2 Cl1-2 RR 4-5 Cl4-5 RR 5-6 Cl 5-6
Cancer initial wave 1.19 (1.1,1.3) 1.15 (1.09, 1.22) 1.14 (1.08,1.2)
Diabetes initial wave 1.17 (1.1, 1.25) 1.16 (1.11,1.21) 112 (1.08, 1.17)
Heart Disease initial wave 117 (1.11,1.25) 117 (1.12,1.21) 1.16 (1.11,1.2)
Lung disease initial wave 1.27 (1.18, 1.38) 1.20 (1.15, 1.26) 1.27 (1.21,1.33)
Stroke initial wave 1.21 (1.1,1.34) 1.24 (1.17,1.32) 1.19 (1.12, 1.26)
Depression initial wave 3.34 (3.16,3.52) 2.76 (2.67,2.86) 2.95 (2.85, 3.05)
Age under 60 0.97 (0.92,1.03) 0.95 (0.91,0.99) 0.98 (0.94, 1.02)
Age 60-64 0.88 (0.81,0.95) 0.87 (0.83,0.92) 0.93 (0.89, 0.98)
Age 75-79 1.23 (1.14,1.32) 1.15 (1.09,1.2) 1.1 (1.08, 1.17)
Age over 80 1.44 (1.34, 1.55) 1.31 (1.26, 1.38) 1.34 (1.28,1.4)
Female Sex 1.41 (1.33, 1.49) 1.47 (1.41,1.52) 1.43 (1.38, 1.48)
Daily alcohol 0.94 (0.88, 1.0) 1.02 (0.98, 1.07) 0.98 (0.94, 1.03)
Ever smoked daily 1.03 (0.98, 1.08) 1.09 (1.05, 1.13) 0.98 (0.94, 1.03)
Very low SES 1.57 (1.45,1.7) 1.61 (1.52,1.7) 1.45 (1.38, 1.53)
Low SES 1.36 (1.27, 1.46) 1.4 (1.33,1.47) 1.26 (1.21,1.32)
Average SES 1.14 (1.08, 1.22) 1.15 (1.1,1.21) 1.1 (1.0, 1.15)

Note: The model has also been adjusted for country of residence (results not shown).
Source: Authors analysis of SHARE data.
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25. In addition, the risk of depression increased as the number of NCDs increase (dose-response
effect). For each wave pair, the RR of depression increased as the number of NCDs increased. On average
across wave pairs, one NCD raises the risk of depression by 21%, two by 42% and three or more by 50%.

Table 3.2. Relative risk of depression by number of NCDs adjusted for baseline depression

Variables RR 1-2 Cl1-2 RR4-5 Cl4-5 RR 5-6 Cl5-6
One NCD 1.27 (1.2, 1.34) 1.19 (1.15,1.24) 1.2 (1.16, 1.24)
Two NCDs 143 (1.32,1.55) 1.44 (1.37,1.52) 14 (1.33,1.48)
Three or more NCDs 1.39 (1.15,1.7) 1.57 (1.43,1.71) 1.48 (1.34,1.62)
Depression initial wave 3.35 (3.17,3.53) 2.77 (2.67,2.87) 2.96 (2.86, 3.06)
Age under 60 0.97 (0.92,1.03) 0.94 (0.91,0.99) 0.98 (0.94,1.02)
Age 60-64 0.88 (0.81,0.95) 0.87 (0.83,0.91) 0.93 (0.89,0.98)
Age 75-79 122 (1.13,1.32) 1.14 (1.09,1.2) 1.1 (1.06, 1.17)
Age over 80 144 (1.34, 1.54) 1.31 (1.26,1.38) 133 (1.28,1.39)
Female Sex 142 (1.34,1.5) 147 (1.41,152) 143 (1.38,1.48)
Daily alcohol 0.94 (0.88, 1.0) 1.02 (0.98,1.07) 0.99 (0.94, 1.03)
Ever smoked daily 1.04 (0.99, 1.09) 1.09 (1.05,1.13) 0.99 (0.94, 1.04)
Very low SES 157 (1.45,1.7) 161 (1.52,1.7) 145 (1.38,1.53)
Low SES 1.36 (1.26, 1.46) 139 (1.33, 1.46) 126 (1.21,1.31)
Average SES 1.14 (1.06,1.22) 1.15 (1.4,1.21) 11 (1.06, 1.15)

Note: The model has also been adjusted for country of residence (results not shown). RR 1-2, RR 4-5 and RR 5-6 refer to the relative risk in
wave pair 1-2, 4-5 and 5-6 respectively. Cl 1-2, 4-5 and 5-6 refer to the 95% confidence interval for wave pairs 1-2, 4-5 and 5-6 respectively.
Source: Authors analysis of SHARE data.

3.3. The risk of depression due to NCDs remains statistically significant when
using other study designs

26. The increased risk of depression due to NCDs remains statistically significant when people with
depression at baseline are removed from the cohort (Table 3.3), and when baseline depression status is
not adjusted for (Table 3.4). When people with depression at baseline as classified from their EURO-D
score are removed from the cohort (giving a smaller cohort where no one has depression by this measure
at baseline), the increased risk of depression remains statistically significant. Additionally, the size of the
effect is even stronger compared to when keeping people with depression at baseline in the cohort but
adjusting for this in the regression analysis. When all participants in the cohort (including those with
depression at baseline) are kept but baseline depression status as a variable is not adjusted for, the effect
of NCDs on depression is also stronger. Overall, adjusting for baseline depression leads to a more
conservative but still statistically significant estimate.
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Table 3.3. Relative Risk of depression with chronic disease from ‘depression free’ cohorts in wave
pairs 1-2, 4-5, and 5-6

Variables RR 1-2 Cl1-2 RR4-5 Cl4-5 RR 5-6 Cl5-6

One NCD 1.52 (1.38,1.68) 1.3 (1.22,1.38) 1.26 (1.19,1.34)
Two NCDs 1.86 (1.55,2.23) 1.79 (1.61,1.98) 1.67 (1.5, 1.87)
Three or more NCDs 2.26 (1.4, 3.64) 2.24 (1.8, 2.78) 1.82 (1.39, 2.4)
Age under 60 1.03 (0.93,1.15) 0.94 (0.88,1.01) 0.98 (0.91, 1.05)
Age 60-64 0.93 (0.81, 1.06) 0.84 (0.77,0.92) 0.95 (0.88,1.03)
Age 75-79 14 (1.22,1.61) 117 (1.07,1.29) 12 (11,1.3)

Age over 80 174 (1.52,2.0) 15 (1.38,1.63) 168 (1.55,1.81)
Female Sex 17 (1.55, 1.87) 175 (1.65, 1.86) 167 (1.58,1.77)
Daily alcohol 0.91 (0.81,1.01) 1.06 (0.99, 1.15) 0.97 (0.9, 1.04)
Ever smoked daily 1.05 (0.96, 1.14) 1.15 (1.08,1.23) 0.99 (0.92,1.08)
Very Low SES 1.85 (1.59, 2.14) 2.09 (1.89,2.3) 184 (1.68,2.02)
Low SES 151 (1.34,1.71) 152 (1.4,1.65) 137 (1.28,1.48)
Average SES 123 (1.1,1.38) 121 (1.13,1.31) 115 (1.07,1.23)

Source: Authors analysis of SHARE data.

Table 3.4. Relative Risk of Depression by Number of NCDs in usual cohort for three wave pairs, not
adjusted for depression status at baseline.

Variables RR 1-2 Cl1-2 RR4-5 Cl4-5 RR 5-6 Cl5-6
One NCD 1.45 (1.37,1.53) 1.36 (1.31,1.41) 1.36 (1.31,1.41)
Two NCDs 1.87 (1.72, 2.04) 1.75 (1.66, 1.85) 1.77 (1.67,1.87)
Three or more NCDs 2 (1.64, 2.44) 213 (1.94, 2.34) 2.1 (1.9,2.33)
Age under 60 0.99 (0.93, 1.05) 0.96 (0.92,1.01) 1 (0.95, 1.04)
Age 60-64 0.87 (0.8, 0.95) 0.87 (0.82,0.91) 0.94 (0.89, 0.98)
Age 75-79 127 (1.17,1.38) 1.19 (1.13,1.26) 117 (1.11,1.23)
Age over 80 163 (1.51,1.76) 143 (1.37,15) 148 (1.42, 1.55)
Female Sex 18 (1.7,1.91) 177 (1.7,1.84) 173 (1.67,18)
Daily alcohol 0.91 (0.85,0.97) 1.02 (0.98, 1.07) 0.97 (0.93,1.02)
Ever smoked daily 1.07 (1.01,1.13) 1.13 (1.09, 1.18) 1.03 (0.98, 1.08)
Very low SES 2.4 (1.93, 2.28) 2.05 (1.93,2.17) 1.99 (1.89, 2.09)
Low SES 158 (1.46,1.7) 16 (1.52,1.68) 15 (1.43,1.57)
Average SES 121 (1.12,13) 12 (1.14,1.26) 117 (1.12,1.23)

Source: Authors analysis of SHARE data.

27. The fact that NCDs increase the risk of depression in a statistically significant manner when using
different study designs supports the presence of a causal relationship. For example, regardless of whether
in the baseline cohorts there are a mixture of people living with and without depression at baseline or
whether in the baseline there are only people not living with depression, there is still a statistically significant
risk of people with NCDs experiencing depression at the follow up two years later. This suggests that living
with a chronic disease increases the risk of developing depression in those without previous depression,
and in experiencing persistent depression or developing another depression episode among people who
have experienced it before.

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



DELSA/HEA/WD/HWP(2025)6 | 23

3.4. The increased depression risk due to NCDs persists with a different measure
of depression

28. There are different ways to measure depression, as described in Annex B, and in addition to
measuring depression diagnosis or symptoms directly, the consumption of antidepressant medications can
be used as a proxy measure. Antidepressants are often prescribed as one of the treatments in managing
depression. A repeated cross-sectional analysis of 18 countries from SHARE and additional representation
from the Health Survey for England (HSE) found that on average 39% of people who were experiencing
depression (i.e. scoring four or more in the SHARE EURO-D scale, the same cut off as in this study; or
scoring four or more in a similar depressive symptom survey for the participants in HSE) were receiving
antidepressants in the 2015-2018 period, up from an average of 25% in 2011-2015, with wide variation
among countries including as high as 81% in Austria (Chen et al., 20223q)).

29. To strengthen the analysis, consumption of medication for depression and anxiety was analysed
as a proxy variable for depression, as an alternative to using the EURO-D score, to test the consistency of
the association across different outcome measures. Overall, approximately 6% of participants reported
taking medication for anxiety or depression. Stratified by symptom score, 15% of participants experiencing
depression by EURO-D classification) were taking medication for anxiety or depression compared to only
3% of participants without depression, a fivefold difference.

30. The results of the relative risk regressions showed that living with one or more NCDs was
associated with a statistically significant increase in the risk of taking medicines for anxiety or depression
(Table 3.5). On weighted average, people with one NCD had a 31% higher risk of taking medicines for
anxiety or depression; those with two have a 61% higher risk, and those with three or more have a 77%
higher risk.

Table 3.5. Relative Risks of taking medicines for anxiety and/or depression for NCDs

Variables RR1-2 Cl1-2 RR4-5 Cl4-5 RR 5-6 Cl5-6
One NCD 1.28 (1.12, 1.46) 14 (1.28, 1.53) 1.24 (1.14, 1.35)
Two NCDs 1.79 (1.46, 2.19) 1.57 (1.35, 1.82) 1.56 (1.37,1.78)
Three or more NCDs 2.46 (1.64,3.7) 1.68 (1.23, 2.29) 1.53 (1.15, 2.04)
Depression initial wave 33 (2.92,3.72) 317 (2.91,3.46) 303 (2.81,3.26)
Age under 60 1.06 (0.93,1.22) 1.13 (1.02, 1.25) 112 (1.03,1.23)
Age 60-64 0.95 (0.8,1.13) 1.1 (0.99, 1.25) 115 (1.04,1.27)
Age 75-79 0.95 (0.77,1.16) 0.96 (0.83,1.1) 0.97 (0.86, 1.1)
Age over 80 0.93 (0.76, 1.14) 0.95 (0.84,1.09) 0.91 (0.81,1.03)
Female Sex 178 (1.55, 2.04) 1.76 (1.6,1.93) 195 (1.79, 2.13)
Daily alcohol 0.95 (0.82,1.1) 0.95 (0.85, 1.06) 0.94 (0.85, 1.04)
Ever smoked daily 1.09 (0.97,1.23) 1.16 (1.06, 1.28) 1.08 (0.96, 1.18)
Very low SES 153 (1.26,1.86) 154 (1.34,1.76) 151 (1.34,1.7)
Low SES 136 (1.15,1.61) 133 (1.18, 1.49) 141 (1.28, 1.56)
Average SES 122 (1.04,1.43) 1.14 (1.02,1.27) 113 (1.03, 1.25)

Source: Authors analysis of SHARE data.
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4 Discussion and key policy
messages

4.1. NCDs are independently associated with an increased risk of depression,
and the effect increases with multimorbidity

31. The results show that NCDs are independently associated with a statistically significant increased
risk of depression. The increased risk was similar across the NCDs included in the analysis, averaging at
15% for cancer and diabetes, 17% for heart failure, 21% for stroke and 25% for chronic lung disease, with
confidence intervals overlapping between NCDs. Individuals with multimorbidity have a higher risk of
depression than people with one NCD — while people with one NCD have a 21% increase in the risk of
depression, this increases with two NCDs to a 42% increase and with three or more NCDs to a 50%
increased risk of depression. For each wave pair in this analysis, the increased risk of depression between
one and two NCDs is statistically significant, while there is some overlap in confidence intervals between
two and three or more NCDs.

32. Evidence of a causal relationship in the direction of living with one or multiple NCDs and
subsequently experiencing depression is supported by several factors, drawing on theories of causality
described in Annex A. This includes dose-response as evidenced by the increase in size of depression
risk with increasing numbers of NCDs. It also includes temporality as seen by relating NCDs at a baseline
with depression as a follow up measure two years later. Additionally, it addresses persistence of the effect
when other common variables also associated with depression such as sex are taken into consideration.
It also includes consistency across measures and methods, where the results show a similarly increased
risk of taking medication for anxiety or depression as a proxy measure of depression, and that the burden
of depression is higher both temporally and cross-sectionally. Multiple biological, psychological and social
factors play a role in the causation narrative, as discussed in the next paragraph.

33. There are strong biological, psychological, and social factors driving the association between
having one or more NCDs and experiencing depression. As outlined more extensively in the background
of the paper (section 1), biological drivers include neurodegeneration or brain lesions with certain NCDs
as well as treatment side effects with other NCDs. Symptoms including fatigue, pain and lack of energy
that limit people from pursuing activities of daily living and social activities also contribute. Psychological
and social factors include loss of sense of self, feelings of social isolation and guilt, among others. Finally,
beliefs people hold about their disease and coping styles also play a role, with some people experiencing
difficulty sleeping due to worry about their NCD and others experiencing more constant feelings of
uncertainly due to the incurable nature of their disease or its unpredictable course. Understanding the
biological, psychological and social factors involved in the association can help to unpick modifiable risk
factors and develop policy solutions that can address them. Potential policy responses are described in
the next section (4.2).

34. These findings are consistent with literature. For example, Feng et al. (202313)), also using SHARE
data, found that one NCD was associated with a hazard ratio (HR) of 1.33 for depression for younger (age
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<65) and 1.44 in older (age > 65) people. A systematic review and meta-analysis found that the relative
risk of depressive disorder was three times higher for those with multimorbidity compared to those without
any chronic physical condition (RR 2.97 (95% CIl 2.06-4.27)) and two times higher for people with
multimorbidity compared to those without multimorbidity (RR 2.13 (95% CI 1.62-2.80)) (Read et al.,
2017116)).

35. The results presented in this study are in general more conservative than those seen in the
literature, which may be due to the time between survey waves and loss to follow up. The average time of
two years between survey waves may mean some participants with more severe disease may be lost to
follow up between waves due to death or iliness. Participants who have been lost to follow up due to death
or iliness are more likely to report worse depression, given depression severity has been linked with NCD
severity (Read et al., 201716); Ostergaard and Foldager, 201137), in particular with cancer severity (Naser
et al., 2021(3g)).

36. Additionally, the main analysis controlled for baseline depression status. Controlling for a strong
predictor of depression at follow-up helps to isolate the impact of NCDs. In sensitivity analysis, producing
a ‘depression free’ cohort at baseline led to a similar trend with a stronger effect size for each of the NCDs.
Although each approach has its advantages and limitations, the more conservative method was chosen
as the results demonstrate that even when accounting for a person’s history of depression, NCDs still exert
a statistically significant impact on the risk of future depression.

37. There are several limitations to this study. Although both descriptive and inferential statistics in this
study show a consistent link between NCDs and depression, as reflected in the literature, there are other
variables that impact risk of depression that are not accounted for in this study. For example, a strong
family history of depression or psychiatric illness can influence risk of depression and may not necessarily
have the same impact on risk of other NCDs and is not included in this study. Equally, a personal history
of abuse and trauma can have a strong influence on the risk of future depression and is not accounted for
in this study. However, this is unlikely to eliminate the association between NCDs and depression, and
indeed these risk factors could influence both physical and mental health. For example, one study showed
that adverse childhood experiences increased the risk of NCDs in young adulthood (Sonu, Post and
Feinglass, 2019;39]), and as such might represent a pathway leading to both NCDs and depression rather
than a factor which dilutes or eliminates the association. Mental health and well-being should form an
integral part of NCD policy development and evaluation.

Although bidirectionality and reverse causality cannot be ruled out, shared risk factors
lead to NCDs and depression via distinct biological, psychological and social pathways,
and the study sill found significant results after adjusting for confounders

38. Untangling bidirectionality and reverse causality is complex for numerous reasons including the
natural history of both groups and a shared vulnerability to common risk factors. Despite this, there are
signs that NCDs are still a valid contributor to depression.

e Studying the impact of depression on NCDs is challenging due to episodic nature and
underdiagnosis of depression (Faisal-Cury etal., 2022u0)). It is difficult to confirm whether a
depressive episode is a true first episode or a recurrence, complicating the timeline between
depression onset and NCD development. Depression symptoms can vary over time: a person may
experience a single episode that resolves before the NCD diagnosis, ongoing symptoms, or
multiple episodes during the study period. In contrast, NCDs like COPD or heart disease are less
likely to go undiagnosed or to resolve and reoccur. Although NCD severity may fluctuate and
people may experience exacerbations, the NCDs themselves generally persist and rarely resolve,
making it easier to study how NCDs lead to depression rather than the reverse.
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e NCDs and depression share common risk factors such as smoking, alcohol and physical activity,
however the underlying mechanisms driving each condition differ. For example, people with
depression may smoke more often as a coping mechanism, increasing their risk for COPD. In
contrast, people with COPD who started smoking for other reasons may be at higher risk for
depression given the nicotine’s impact on dopamine and other brain chemicals (Breslau et al.,
199841;; Cabello et al., 201742;). Similarly, depression can reduce motivation to exercise, raising
cardiovascular risk and leading to an NCD. In contrast, NCDs can cause increased physical
disability making exercise more challenging, frustrating and leading to despair and loss of personal
identity and social connection, which in turn can lead to depression.

39. Although a complete and definitive analysis of reverse causality was not performed given the
numerous challenges in achieving this, several steps were taken to try address reverse causality. Shared
risk factors of smoking status and alcohol were adjusted for, with the relationship between NCDs and
depression remaining statistically significant. Even after adjusting for baseline depression given its episodic
nature, NCDs were still linked an increased risk of depression, suggesting they raise the risk of new,
persistent and recurrent depression.

4.2. NCD action plans should integrate mental health as a core element to
improve population physical health, wellbeing and productivity

40. Action plans on NCDs should integrate mental health as a core component given:

e Depression can play a detrimental role in accelerating NCD progression and driving up costs.

e Several primary and tertiary prevention measures that enhance physical health also improve
mental wellbeing. For this reason, any evaluation of these measures should consider their benefits
to both physical and mental health, as well as the cost savings they provide.

e People experiencing NCDs are more vulnerable to depression, and given its compounding impact
on quality of life, ill-health and costs, due consideration should be given to detection and treatment
strategies in these populations.

e Evidence shows that OECD populations are ageing with more NCDs, experiencing worse wellbeing
with each additional NCD lived with.

e There is growing interest in integrating mental health into various policies and health programs, as
emphasized by the efforts of the UN, WHO and the European Commission.

41. These themes will now be addressed in turn.

Depression can accelerate NCD progression and drive-up costs

42. Poor mental health can worsen physical health, accelerate the progression of NCD disease course
and greatly increase treatment costs. Living with an NCD comorbid with depression worsens health more
than any combination of NCDs without depression (Moussavi et al., 2007[17;) and people with NCDs and
depression have increased hospital admissions and readmissions for exacerbations and complications of
the NCD. Depression can also accelerate the disease course of NCDs due to a variety of factors such as
reduced self-care, reduced adherence to treatments and less healthy life choices, with patients with mild
to moderate kidney failure and more severe depression having almost twice the odds of rapidly declining
kidney function relative to those with mild to moderate kidney failure without depressive symptoms
(Missikpode et al., 2023143)). Several NCDs require key healthier lifestyle choices to slow disease progress
such as smoking cessation, increasing physical activity and adhering to a healthier diet and treatments,
which can be challenging in the context of psychological distress. Together, these factors result in
increasing the costs of the NCDs - in France alone, major depression among people with at least one NCD
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increased healthcare expenditure from over EUR 1 000 to more than EUR 4 000 on average depending
on age and sex (Cortaredona and Ventelous, 201724)).

Primary and tertiary prevention activities help to tackle the rising burden of NCDs and
reduce complications respectively, while bringing improving mental health and
wellbeing co-benefits

43. Interventions targeting the prevention of NCDs may additionally improve mental health as a co-
benefit. For example, physical activity, well known to reduce risk of developing several cancers such as
colon, breast and stomach cancer by approximately 10-20% (McTiernan et al., 2019p41) in addition to other
NCDs, also reduces depression and improve mental health (OECD, 2022145)),. Smoking cessation can
reduce risk of developing not only cancer but many other NCDs such as cardiovascular disease and
chronic lung disease, and is also associated with reduced anxiety and depression compared to people
who continue to smoke (Taylor et al., 2021p46]; Taylor et al., 2014u7)

44, Similarly, tertiary prevention interventions aimed at reducing complications among people
experiencing NCDs can also bring mental health co-benefits. For example, improving self-management of
NCDs, where individuals are empowered in their self-care by developing new behaviours and coping with
the emotional impact of their diseases (Ould Brahim et al., 2021[48]), is a key pathway to reduce hospital
admissions and improve physical health, and has additionally been shown to reduce depressive symptoms
(Cramm and Nieboer, 2012[49]). People living with depression tend to experience reduced capacity to self-
manage their NCDs, and consequently have more to gain from self-management training (Jerant et al.,
2008[50]). Improved self-care and NCD self-management training has also been shown to both reduce
depressive symptoms and reduce hospital admissions and improve physical health (Cramm and Nieboer,
2012[49]; Ould Brahim et al., 2021[48]). For example, a self-management education intervention for
patients with type 2 diabetes (T2DM) found both better control of blood glucose and psychological
improvement among recipients of the intervention (Chai et al., 2018[51]). Another example is physical
activity, which in addition to mental health benefits among people experiencing NCDs, can also reduce all-
cause and cancer-specific mortality among those living with certain cancers (McTiernan et al., 2019[44]).

45. Quantifying the mental health co-benefits brought about by primary and tertiary prevention
measures can help to better evaluate the impact and return on investment from health promotion
programmes and policies. To this end, the results of this paper will be integrated in the OECD SPHeP
NCDs model (OECD, 2020p2¢]), which is used to evaluate health, economic and societal outcomes of public
health policies. This additional output broadens the lens of the impact of health promotion policy, allowing
policy makers to understand and assess the impact of policies more fully. Having depression as an output
means that quality of life is consistently considered when evaluating public health policy. Moreover, given
the additional costs associated with depression, it also allows a better assessment of the economic value
of health promotion and disease prevention.

Given greater vulnerability to depression among people living with NCDs, it is important
to assess and review identification and treatment policy and strategies

46. Although many of the actions described previously (such as self-management training, smoking
cessation and physical activity) can bring important mental health co-benefits for people living with NCDs,
it is equally important to consider overall the approaches taken to identify and treat depression among
people with NCDs, given their increased vulnerability to it. Various interventions can be employed to treat
mental ill-health among people living with NCDs. Research highlights the need for a multidisciplinary
(Almeida et al., 202052)) and holistic approach that considers all domains of functioning including
biological, cognitive, emotional and social (Kemp et al., 2022;53)). Integrating general medical and mental
health services is also important (Stein et al., 2019s4)) for more patient centred and coordinated care.
Nursing interventions, such as training in emotional regulation, experience sharing and personal reflection
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also show promise (Sanchez-Ortega et al., 2022;55)). Digital health interventions also show promise
(Sasseville et al., 2021s6)) and may offer a more accessible and affordable service as an adjunct or
standalone service. Best practices in mental health will be explored and published in future OECD work.

Implications in light of ageing populations

47. These policies are even more important in the context of an ageing population, since people are
living longer with one or more NCDs, reinforced by findings from the recent Patient Reported Indicator
Survey (PaRIS) (OECD, 2025557). The share of the OECD population between 65 and 85 years old is
expected to grow from 18% to 26% in 2060, and PARIS findings indicate that multimorbidity in primary
care is becoming the norm, with 8 out of 10 people aged 45 or older who had a primary care consultation
in the six months preceding the survey had at least one chronic condition and over half lived with two or
more. They also found wellbeing deteriorates with each additional NCD, although higher wellbeing was
reported in people who considered their care to be more people centred - a dimension influenced by a
variety of factors including usage of care planning for patients with NCDs, self-management support,
accessible and effective communication between professionals and patients, continuity of health
information throughout the healthcare system, and higher availability of easy-to-use digital tools. This
growing burden of NCDs among ageing populations highlights the need for policy that promotes activities
with physical and mental health co-benefits. These can help people lead healthier and more productive
lives, reducing costs from better controlling risk factors while improving overall wellbeing.

Alignment with Policy Context Internationally

48. The policy implications of this paper align with an international focus on the importance of
integrating mental health across policies and, specifically, in actions for NCDs. Some of the most prominent
initiatives include:

e The UN High Level Meeting on NCDs in 2025 aims to builds on work and commitments on mental
health (WHO, 2024ss)). This includes building on the comprehensive mental health action plan,
which advocated for the “inclusion and mainstreaming of mental health issues more explicitly within
other priority health programmes” (66th World Health Assembly, 2013s9)). The WHO have also
produced a framework on integrating well-being into public health which followed a mandate from
the 2022 75th World Health Assembly (WHO, 2022s0).

e European Commission launched a mental health initiative in 2023 calling for integrating mental
health across policies and highlighting the cost of inaction (20231)), and also in 2023 the Council
of the EU recommendations on mental health were adopted, advocating for action on mental health
across multiple levels, sectors and ages (20232). This built on previous recommendations by the
Council of the EU which recommended mitigating challenges to wellbeing throughout the life
course, including through the promotion of physical activity, healthy nutrition, prevention measures
and a range of other measures (2019e3)).
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Annex A. Establishing causality

Different strategies have been proposed to demonstrate causality. While many in epidemiology such as
Koch'’s postulates (Falkow, 1988s4)) were initially based around infectious diseases, AB Hill published a
paper of nine criteria that could be better applied to NCDs (Hill, 1965p7). These were:

Strength (effect size): Although a small association does not rule out a causal effect, the larger
the association, the more likely it is to be causal.

Consistency (reproducibility): Consistent findings observed by different people in different
settings with different sample sizes strengthens the likelihood of a causal effect.

Specificity: Causation is likely if the exposure is associated with the disease under study and no
others, and if the disease is associated with the exposure in question and no others. A lack of
specificity does not undermine causative relationships under this criterion (Nowinski et al., 2022es;;
Shimonovich et al., 2021s6). When present, the more specific an association between an exposure
and an effect, the higher the probability of a causal relationship. In modern epidemiology, multiple
causation (where one exposure may affect many diseases and one disease may be effected by
many exposures) there is more limited utility in directly applying specificity in epidemiological
practice (Shimonovich et al., 20216). However, we can think of related concepts, such as
identifying and adjusting for confounding, to highlight that the association between exposure and
outcome is not distorted by another variable or variables.

Temporality: The effect should occur after the exposure, and if there is an expected delay between
exposure and effect, then the effect should occur after that delay.

Biological gradient (dose—response relationship): Greater exposure should generally lead to
greater incidence of the effect, though this is not always necessary and in some cases the reverse
may be the case.

Plausibility: A plausible mechanism between cause and effect can help, though Bradford Hill
acknowledged that our understanding of potential mechanisms is limited by current knowledge.

Coherence: Findings should be coherent with observed trends in society. For example, when
examining an association between cigarette smoking and lung cancer incidence, increases in both
cigarette smoking and lung cancer would be coherent. However, Hill noted that “lack of such
[laboratory] evidence cannot nullify the epidemiological effect on associations”.

Experiment: Bradford Hill described that evidence deriving from experiment, particularly in
epidemiological studies where disease risk declines following an intervention or reduction in
exposure — may in fact lead to the strongest support for causal inference (Fedak et al., 20157)).

Analogy: Hill implied that when there is strong evidence of a causal relationship between a given
agent and a particular disease, researchers should be more accepting of weaker evidence that a
similar agent may cause a similar disease (Fedak et al., 20157)).

Hill's criteria should be considered as a guide rather than an exhaustive checklist, employed to test the
strength of an argument for causation.
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Annex B. Measuring depression

There are many ways to measure depression prevalence at a population level. Three different approaches,
each with their own strengths, limitations and caveats, are data from medical records with clinically
diagnosed depression, patient reported diagnosis of depression via survey and validated symptom
questionnaires used in population surveys:

In primary care and clinical settings, depression can be diagnosed and coded from provider patient
interactions, bringing potential advances in terms of the clinical richness of the data, although limited by
access and vulnerable to under and misdiagnosis. Healthcare providers, depending on the context, can
use clinical judgement and/or refer to the diagnostic and statistical manual of Mental Disorders V (DSM V)
criteria, the International Classification of Diseases version 11 (ICD 11) or similar to qualify and evaluate
the severity of depression. Researchers leveraging this data where it is available and ethically approved
have the advantage in theory of clinically diagnosed, potentially well documented and understood
depression that in theory could be linked to other medical and social records. However, medical records,
particularly those with linked general practice and hospital inpatient and outpatient data are not always
available on a larger scale or may be limited to settings with adequate digital health infrastructure.
Prevalence estimates based on this data may also underdiagnose and risk not being representative of the
full population.

Surveys that ask for respondent self-report of diagnosis of depression from a medical professional in the
past year can in theory benefit from a representative population sample and leverage clinically diagnosed
data, although responses are subject to recall bias and as with all clinical records can risk underestimating
depression prevalence due to the barriers faced in attaining a clinical diagnosis. One known limitation of
clinical diagnosis is the underdiagnosis of depression at a population level (Last et al., 2021es)). Many
people living with mental illness do not seek help and could have lived with depression without receiving a
formal diagnosis. A person may be undiagnosed for several reasons such as perceived stigma,
perceptions of potential treatment effectiveness or side effects, and financial implications. Although
healthcare professionals may overcome some of these limitations when faced with a patient in a
consultation for a separate presenting complaint through screening or asking about depression in a person
more vulnerable to same, both time and resource constraints often limit this opportunity, leading to potential
cases being missed. Research from Brazil found that more than half of people living with depression were
underdiagnosed (Faisal-Cury et al., 2022(407) and challenges of under recognition and underdiagnosis are
common in many other countries (Cepoiu et al., 2008s9)).

Survey instruments can also ask patients questions regarding their symptoms which are then mapped to
a score which can be used to define whether a person is experiencing depression, and in some survey
instruments connect this score to clinical depression severity levels. The advantage of this is that capture
those participants whose symptoms are consistent with clinical depression but who may not have sought
medical attention or may have experienced barriers to access and diagnosis. There are a variety of survey
instruments which have been clinically validated including the 8 and 9 item Patient Health Questionnaire
survey (PHQ-8 (Kroenke et al., 2009(70)) and PHQ-9 (Costantini et al., 2021[71]) respectively), the Centre
for Epidemiologic Studies Depression Scale (CES-D) (Vilagut et al., 2016(72;) and as in the case of this
study, the EURO-D scale. For certain survey instruments such as PHQ8, results have been mapped and
validated against clinical severity depression levels from mild to severe allowing more granular analysis.
Currently there is less research on the mapping of the EURO-D scale against depression severity levels,
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however it carries several advantages including validation in a variety of cultural contexts (Guerra et al.,
2015(73)).

Using EURO-D score to measure depression

As discussed in section 2.2, depression in SHARE is measured via a symptom scale, based on sixteen
question items with responses condensed into a 12-point scale of depressive symptomatology. The exact
questions asked in the survey are listed below:

Questions items in SHARE that formed the EURO-D depression scale:

MHO002 In the last month, have you been sad or depressed?

1. Yes

5. No

MHO003 What are your hopes for the future?

1. Any hopes mentioned

2. No hopes mentioned

MHO004 In the last month, have you felt that you would rather be dead?

1. Any mention of suicidal feelings or wishing to be dead

2. No such feelings

MHO005 Do you tend to blame yourself or feel guilty about anything?

1. Obvious excessive guilt or self blame

2. No such feelings

3. Mentions guilt or self blame, but it is unclear if these constitute obvious or excessive guilt or self-blame
MHO006 (if MHOO5 = 3) So, for what do you blame yourself?

1. Example(s) given constitute obvious excessive guilt or self-blame

2. Example(s) do not constitute obvious excessive guilt or self-blame, or it remains unclear if these
constitute obvious or excessive guilt or self-blame

MHO007 Have you had trouble sleeping recently?

1. Trouble with sleep or recent change in pattern

2. No trouble sleeping

MHO008 In the last month, what is your interest in things?

1. Less interest than usual mentioned

2. No mention of loss of interest

3. Non-specific or uncodeable response

MHO009 (if MHO08 = 3) So, do you keep up your interests?

1. Yes

5. No

MHO010 Have you been irritable recently?

1. Yes

5. No

MHO011 What has your appetite been like?

1. Diminution in desire for food

2. No diminution in desire for food

3. Non-specific or uncodeable response

MHO012 (if MHO11 = 3) So, have you been eating more or less than usual?
1. Less

2. More

3. Neither more nor less 37

MHO013 In the last month, have you had too little energy to do the things you wanted to do?
1. Yes

5. No

MHO014 How is your concentration? For example, can you concentrate on a television programme, film or
radio programme?

1. Difficulty in concentrating on entertainment

2. No such difficulty mentioned

MHO015 Can you concentrate on something you read?
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1. Difficulty in concentrating on reading

2. No such difficulty mentioned

MHO016 What have you enjoyed doing recently?
1. Fails to mention any enjoyable activity

2. Mentions ANY enjoyment from activity
MHO17 In the last month, have you cried at all?

1. Yes
5. No

An important consideration is to understand what research has been performed to validate the EURO-D
scale and map it to common measures of clinical depression. The following are of note:

Courtin et al. (2015(747) examined wave 2 data from SHARE where both Centre for Epidemiologic
Studies Depression Scale (CES-D) and EURO-D questions were asked of respondents. The
authors found that although both scales were strongly correlated (r=0.6819, p<0.000), agreement
between the two scales were moderate. CES-D was shown to capture a more extreme pool of
individuals experiencing depression than in EURO-D, and while associations with risk factors were
in the same direction, they were often stronger for CES-D compared to EURO-D.

Guerra et al., (201573)) found that based on a sample of almost 18000 respondents from 9 low
and middle income countries a cutoff point of 4/5 was optimal for EURO-D against the reference
of ICD-10 depressive episode. Sensitivity was 86% or higher in all sites and specificity exceeding
84% in all Latin American and Chinese sites. However, to date, there is insufficient knowledge on
how to map severity by score in EURO-D to clinical severity levels in DSM V or ICD.

Overall in the literature, a score of four or more rather than five appears to be the most commonly used
(Mehrbrodt, Gruber and Wagner, 2019p29;; Marques et al., 2021;31;; Lusa and Huebner, 20213) and is
additionally the cut off used for the generated binary depression eurodcat (for case of depression) in
SHARE release version 8.0.0. Consequently, a score of 4 or more was used to classify a respondent
experiencing depression in this study.
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Annex C. Variables used in this study

The variables used in this study included depression, other NCDs, socioeconomic status, smoking status
and alcohol. The study adjusted for the influence of other variables to ensure that the association between
depression and NCDs was not confounded by other common factors. In addition to age, sex and country,
the study looked at socioeconomic status (based on the ability to make ends meet), alcohol use (frequency
of alcohol consumed in last three months) and smoking status (ever smoked, binary variable). The
following paragraphs give more information on how these variables were asked.

Participants were assigned certain NCDs (heart disease, stroke, diabetes, chronic lung disease or cancer)
based on self-reported diagnoses. NCDs were asked in a section on chronic diseases. Specifically,
participants were asked:

“Has a doctor ever told you that you had/Do you currently have any of the conditions on this card?’. With
this we mean that a doctor has told you that you have this condition, and that you are either currently
being treated for or bothered by this condition...”.

This was followed by a list of conditions. For the five NCDs of interest in this paper, the questions were:
e A heart attack including myocardial infarction or coronary thrombosis or any other heart problem
including congestive heart failure
e A stroke or cerebral vascular disease
e Diabetes or high blood sugar
e Chronic lung disease such as chronic bronchitis or emphysema
e Cancer or malignant tumour, including leukaemia or lymphoma, but excluding minor skin cancers.

Socioeconomic status (SES) was measured using the variable ‘fdistress’ in SHARE, which is an imputed
variable based on the ability to make ends meet. Specifically, participants were asked:

“Thinking of your household’s total monthly income, would you say that your household is able to make
ends meet...”

The responses to this question included whether the household able to make ends meet with “great
difficulty”, with “some difficulty”, “fairly easily” or “easily. Socioeconomic status has been associated with
both depression and with NCDs, so it was important to adjust for it to better understand the true impact of

NCDs on depression.

Smoking status was based on the binary variable br001_ in SHARE which asked:
‘Have you ever smoked cigarettes, cigars, cigarillos or a pipe daily for a period of at least one year?’

Smoking has shown mixed results with regards to influence on depression (Fluharty et al., 201775)). It was
included to out rule that the impact seen with NCDs could be due in part to smoking.

Alcohol consumption was based on the frequency of alcohol consumption in the last three months.
Participants were asked:

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



34 | DELSA/HEA/WD/HWP(2025)6

‘During the last 3 months, how often have you drunk any alcoholic beverages, like beer, cider, wine,
spirits or cocktails?’

The response categories were merged to give a binary of daily or less than daily alcohol consumption. Of
note alcohol was a challenging variable as the questions asked pertaining to alcohol in terms of asking
about quantity differed in several waves of the survey. This variable was chosen for its consistency across
each of the survey waves used and may be a reasonable measure. However, it may not be the most
appropriate way to assess for the impact of alcohol given that some participants may drink a small quantity
each day, or others may drink less frequently but binge drink more often. Binge drinking was also tested
as a variable in place of daily alcohol consumption and when adjusted for, the impact of NCDs on
depression was similar in this analysis.
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Annex D. Baseline characteristics of the sample

Descriptive statistics of the sample data were undertaken to show the baseline characteristics among those
with and without the NCD of interest and with increasing numbers of NCDs. The tables below describe the
baseline characteristics for people with no, one, two and three or more NCDs in wave pair 1-2, 4-5 and 5-6.
The regression models adjusted for the variables shown in the tables.

Table A D.1. Baseline Characteristics of participants stratified on number of selected NCDs — wave
pair 1-2

Baseline characteristics for the wave pair 1-2

Variable No NCD One NCD Two NCDs Three or more NCDs
Sample size 14101 4417 1006 169
Sample proportion (%) 72 22 5 1
Mean age 65 69 72 73
Proportion female (%) 57 50 49 46
Proportion male (%) 43 50 51 54
Less than daily alcohol consumption (%) 78 78 79 78
Daily alcohol consumption (%) 22 22 21 22
Ever smoked daily (%) 46 49 54 60
Cancer (%) 0 15 24 44
Chronic Lung Disease (%) 0 13 28 53
Diabetes (%) 0 29 53 73
Heart Disease (%) 0 35 71 88
Stroke (%) 0 8 25 50
Very low SES (%) 10 13 18 24
Low SES (%) 26 28 29 32
Average SES (%) 34 32 33 26
High SES (%) 29 26 20 18

Note: SES is socio-economic status. This is based on the ability to make ends meet. See Annex C for further details on these variables.
Source: Analysis of SHARE data.

Table A D.2. Baseline Characteristics of participants stratified on number of selected NCDs — wave
pair 4-5

Baseline characteristics for the wave pair 4-5

Variable No NCD One NCD Two NCDs Three or more NCDs
Sample size 25394 8880 2224 494
Sample proportion (%) 69 24 6 1
Mean age 66 70 72 73
Proportion female (%) 59 53 51 52
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Proportion male (%) 41 47 49 48
Less than daily alcohol consumption (%) 80 82 85 85
Daily alcohol consumption (%) 20 18 15 15
Ever smoked daily (%) 26 29 34 35
Cancer (%) 0 13 23 43
Chronic Lung Disease (%) 0 16 33 57
Diabetes (%) 0 32 53 77
Heart Disease (%) 0 33 67 88
Stroke (%) 0 7 23 49
Very low SES (%) 8 11 14 21
Low SES (%) 24 29 33 34
Average SES (%) 35 34 33 30
High SES (%) 34 26 20 15

Note: SES is socio-economic status. This is based on the ability to make ends meet. See Annex C for further details on these variables.
Source: Analysis of SHARE data.

Table A D.3. Baseline Characteristics of participants stratified on number of selected NCDs — wave
pair 5-6

Baseline characteristics for the wave pair 5-6

Variable No NCD One NCD Two NCDs Three or more NCDs
Sample size 31499 10796 2557 523
Sample proportion (%) 69 24 6 1
Mean age 67 71 73 74
Proportion female (%) 58 52 50 47
Proportion male (%) 42 48 50 53
Less than daily alcohol consumption (%) 83 84 86 86
Daily alcohol consumption (%) 17 16 14 14
Ever smoked daily (%) 14 16 17 18
Cancer (%) 0 14 25 40
Chronic Lung Disease (%) 0 15 29 60
Diabetes (%) 0 36 60 78
Heart Disease (%) 0 28 62 89
Stroke (%) 0 8 23 47
Very low SES (%) 7 10 15 16
Low SES (%) 23 28 29 35
Average SES (%) 30 29 25 24
High SES (%) 39 32 29 23

Note: SES is socio-economic status. This is based on the ability to make ends meet. See Annex C for further details on these variables.
Source: Analysis of SHARE data.
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' Countries involved in SHARE: By 2022, the following 28 European countries, as well as Israel were
involved: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden and Switzerland. For the purposes of this research,
data was used from 19 countries which were: Austria, Belgium, Czechia, Denmark, Estonia, France,
Germany, Greece, Hungary, Israel, Italy, Luxembourg, The Netherlands, Poland, Portugal, Slovenia,
Spain, Sweden and Switzerland.

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



38 | DELSA/HEA/WD/HWP(2025)6

References

66th World Health Assembly (2013), Comprehensive mental health action plan 2013-2020, (59]
https://apps.who.int/gb/ebwha/pdf files/\WHAB6/A66 R8-en.pdf (accessed on 15 April 2024).

AGENAS (2023), HEROES - HEalth woRkfOrce to meet health challEngeS, [109]
https://www.agenas.qgov.it/ricerca-e-sviluppo/ricerca-internazionale/personale-sanitario-
ri/heroes-health-workforce-to-meet-health-challenges.

Albreht, T. (2021), “Europe’s beating cancer plan—a new step towards more comprehensive and  [124]
equitable cancer control in Europe”, European Journal of Public Health, Vol. 31/3, pp. 456-
457, https://doi.org/10.1093/eurpub/ckab014.

Almeida, S. et al. (2020), “Management and Treatment of Patients With Major Depressive (52]
Disorder and Chronic Diseases: A Multidisciplinary Approach”, Frontiers in Psychology,
Vol. 11, https://doi.org/10.3389/fpsyg.2020.542444.

Behrens, T. et al. (2004), “Different Methods to Calculate Effect Estimates in Cross-sectional [140]
Studies”, Methods of Information in Medicine, Vol. 43/05, pp. 505-509,
https://doi.org/10.1055/s-0038-1633907.

Bennett, J. et al. (2018), “NCD Countdown 2030: worldwide trends in non-communicable disease  [4]
mortality and progress towards Sustainable Development Goal target 3.4”, The Lancet,
Vol. 392/10152, pp. 1072-1088, https://doi.org/10.1016/S0140-6736(18)31992-5.

Bergmann, M. et al. (2019), “Survey participation in the Survey of Health, Ageing and Retirement  [2]
in Europe (SHARE), Wave 1-7. Based on Release 7.0.0. SHARE Working Paper Series 41-
2019.”, 41-2019, SHARE-ERIC, Munich.

Berk, M. et al. (2023), “Comorbidity between major depressive disorder and physical diseases: a (8]
comprehensive review of epidemiology, mechanisms and management”, World Psychiatry,
Vol. 22/3, pp. 366-387, https://doi.org/10.1002/wps.21110.

Bi, Y. et al. (2021), “The relationship between chronic diseases and depression in middle-aged ~ [132]
and older adults: A 4-year follow-up study from the China Health and Retirement Longitudinal
Study”, Journal of Affective Disorders, Vol. 289, pp. 160-166,
https://doi.org/10.1016/j.jad.2021.04.032.

Bland, J. (2000), “Statistics Notes: The odds ratio”, BMJ, Vol. 320/7247, pp. 1468-1468, [144]
https://doi.org/10.1136/bm|.320.7247.1468.

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



DELSA/HEA/WD/HWP(2025)6 | 39

Borsch-Supan, A. et al. (2013), “Data Resource Profile: The Survey of Health, Ageing and (1
Retirement in Europe (SHARE)”, International Journal of Epidemiology, Vol. 42/4, pp. 992-
1001, https://doi.org/10.1093/ije/dyt088.

Breslau, N. et al. (1998), “Major Depression and Stages of Smoking”, Archives of General [41]
Psychiatry, Vol. 55/2, p. 161, https://doi.org/10.1001/archpsyc.55.2.161.

Brilleman, S. et al. (2013), “Implications of comorbidity for primary care costs in the UK: a (22]
retrospective observational study”, British Journal of General Practice, Vol. 63/609, pp. e274-
€282, https://doi.org/10.3399/bjgp13X665242.

Cabello, M. et al. (2017), “The role of unhealthy lifestyles in the incidence and persistence of [42]
depression: a longitudinal general population study in four emerging countries”, Globalization
and Health, Vol. 13/1, p. 18, https://doi.org/10.1186/s12992-017-0237-5.

Cai, H. et al. (2023), “Global prevalence of depression in older adults: A systematic review and (30]
meta-analysis of epidemiological surveys”, Asian Journal of Psychiatry, Vol. 80, p. 103417,
https://doi.org/10.1016/j.ajp.2022.103417.

Campbell, D. et al. (2022), “Investigating the impact of a chronic disease self-management (25]
programme on depression and quality of life scores in an Irish sample”, Psychology, Health &
Medicine, Vol. 27/7, pp. 1609-1617, https://doi.org/10.1080/13548506.2021.1916953.

Cepoiu, M. et al. (2008), “Recognition of Depression by Non-psychiatric Physicians—A (69]
Systematic Literature Review and Meta-analysis”, Journal of General Internal Medicine,
Vol. 23/1, pp. 25-36, https://doi.org/10.1007/s11606-007-0428-5.

Chai, S. et al. (2018), “The effect of diabetes self-management education on psychological status ~ [51]
and blood glucose in newly diagnosed patients with diabetes type 2”, Patient Education and
Counseling, Vol. 101/8, pp. 1427-1432, https://doi.org/10.1016/j.pec.2018.03.020.

Chen, S. et al. (2022), “Prevalence, progress, and subgroup disparities in pharmacological (36]
antidepressant treatment of those who screen positive for depressive symptoms: A repetitive
cross-sectional study in 19 European countries”, The Lancet Regional Health - Europe,

Vol. 17, p. 100368, https://doi.org/10.1016/j.lanepe.2022.100368.

CIPH (2022), Hrvatski zdravstveno-statisticki ljetopis za 2021 [Croatian Health Statistics [112]
Yearbook 2021], Croatian Institute of Public Health, https://www.hzjz.hr/wp-
content/uploads/2023/05/HZSLj - 2021 v. 05.2023..pdf.

CIPH (2019), Europska zdravstvena anketa - Koristenje zdravstvene zastite (European Health [114]
Interview Survey - Use of Healthcare), Croatian Institute of Public Health,
https://www.hzjz.hr/wp-content/uploads/2022/02/HZJZ-Anketa-narancasta_final.pdf.

Cortaredona, S. and B. Ventelous (2017), Cost-of-iliness analysis in the EGB database [24]
FRESHER WPS5, Aix-Marseille University.

Costantini, L. et al. (2021), “Screening for depression in primary care with Patient Health (71
Questionnaire-9 (PHQ-9): A systematic review”, Journal of Affective Disorders, Vol. 279,
pp. 473-483, https://doi.org/10.1016/j.jad.2020.09.131.

Council of the EU (2023), Mental health: member states to take action across multiple levels, (62]

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



40 | DELSA/HEA/WD/HWP(2025)6

sectors and ages, https://www.consilium.europa.eu/en/press/press-
releases/2023/11/30/mental-health-member-states-to-take-action-across-multiple-levels-
sectors-and-ages/ (accessed on 24 February 2025).

Council of the European Union (2019), The Economy of Wellbeing Council Conclusions, (63]
https://data.consilium.europa.eu/doc/document/ST-13432-2019-INIT/en/pdf (accessed on
12 March 2025).

Courtin, E. et al. (2015), “Are different measures of depressive symptoms in old age comparable?  [74]
An analysis of the CES-D and Euro-D scales in 13 countries”, International Journal of Methods
in Psychiatric Research, Vol. 24/4, pp. 287-304, https://doi.org/10.1002/mpr.1489.

Cramm, J. and A. Nieboer (2012), “Self-management abilities, physical health and depressive [49]
symptoms among patients with cardiovascular diseases, chronic obstructive pulmonary
disease, and diabetes”, Patient Education and Counseling, Vol. 87/3, pp. 411-415,
https://doi.org/10.1016/j.pec.2011.12.006.

Croatian Institute of Public Health (2022), Koristenje zdravstvene zastite u djelatnosti obiteljske [90]
(opce) medicine u hrvatskoj u 2022 (Health care utilisation within the family (general) medicine
practice service in Croatia in 2022), https://www.hzjz.hr/wp-content/uploads/2023/07/OM-
CEZIH-2022.pdf.

Croatian Institute of Public Health (2022), Mentalni poremecaji u Republici Hrvatskoj ( Mental (93]
disorders in the Republic of Croatia), https://www.hzjz.hr/publikacije/mentalni-poremecaji-u-
republici-hrvatskoj-zagreb-2022/.

Croatian Institute of Public Health (2021), Europska zdravstvena anketa u Hrvatskoj 2019 - (92]
Iskustvo pacijenata (European Health Interview Survey - Patient experience),
https://www.hzjz.hr/wp-content/uploads/2022/02/HZJZ-Anketa-plava_final.pdf.

Croatian Institute of Public Health (2020), Hrvatski zdravstveno-statisticki ljetopis za 2019 (1]
(Croatian Health Statistics Yearbook 2019), https://www.hzjz.hr/hrvatski-zdravstveno-
statisticki-ljetopis/hrvatski-zdravstveno-statisticki-lijetopis-za-2019/.

Croatian Medical Chamber (2023), Atlas lije¢nistva- Digital Atlas of Medicine, [110]
https://atlas.hlk.hr/atlas/.

Daré, L. et al. (2019), “Co-morbidities of mental disorders and chronic physical diseases in (134]
developing and emerging countries: a meta-analysis”, BMC Public Health, Vol. 19/1, p. 304,
https://doi.org/10.1186/s12889-019-6623-6.

DeJean, D. et al. (2013), “Patient experiences of depression and anxiety with chronic disease: a  [12]
systematic review and qualitative meta-synthesis.”, Ontario health technology assessment
series, Vol. 13/16, pp. 1-33.

Di Benedetto, M. et al. (2010), “A biopsychosocial model for depressive symptoms following [148]
acute coronary syndromes”, Psychology & Health, Vol. 25/9, pp. 1061-1075,
https://doi.org/10.1080/08870440903019535.

Dzakula, A. et al. (2021), Croatia: Health system review, World Health Organization. Regional (94]
Office for Europe, https://apps.who.int/iris/handle/10665/348070.

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



DELSA/HEA/WD/HWP(2025)6 | 41

ECIS - European Cancer Information System (2023), Incidence and mortality estimates 2020, (78]
https://ecis.jrc.ec.europa.eu.

ECIS-European Cancer Information System (2020), Estimates of cancer incidence and mortality — [103]
for all countries, https://ecis.jrc.ec.europa.eu/explorer.php?$0-0$1-All$2-All$4-1,2$3-0$6-
0,85$5-2020,2020$7-7$CEstByCountry$X0 8-3$X0 19-AE27$X0 20-
No$CEstBySexByCountry$X1 8-3$X1 19-AE27$X1 -1-1$CEstByIndiByCountry$X2 8-
3$X2 19-AE27$X2 20-No$CEstRelative$X3 8-3$X3 9-AE27.

ESPAD Group (2020), ESPAD Report 2019: Results from the European School Survey Project (80]
on Alcohol and Other Drugs, Publications Office of the European Union.

EU Compass Consortium (2018), EU Compass for Action on Mental Health and Wellbeing: (84]
Anuual Activity Reports of Member States and Stakeholders.

EU Compass Consortium (2017), EU Compass for Action on Mental Health and Wellbeing: (83]
Anuual Activity Reports of Member States and Stakeholders.

Eurofound (2022), Fifth round of the Living, working and COVID-19 e-survey: Living in a new era  [85]
of uncertainty, Publications Office of the European Union.

European Commission (2023), Communication from the Commission to the European (61]
Parliament, the Council, the European Economic and Social Committee and the Committee of
the Regions on a comprehensive approach to mental health.,
https://health.ec.europa.eu/document/download/cef45b6d-a871-44d5-9d62-
3cecc47eda89 en?filename=com 2023 298 1 act en.pdf (accessed on 24 February 2025).

European Health Information Portal (2022), Survey of Health, Ageing and Retirement in Europe, 28]
https://www.healthinformationportal.eu/research-network/survey-health-ageing-and-
retirement-europe (accessed on 13 January 2024).

European Observatory on Health Systems and Policies (2023), Health System Policy [116]
Monitor:Croatia, https://eurohealthobservatory.who.int/monitors/health-systems-
monitor/updates/hspm/croatia-2022/agreement-on-higher-salaries-and-improved-working-
conditions-for-doctors.

European Observatory on Health Systems and Policies (2018), The organization and delivery of ~ [89]
vaccination services in the European Union.

European Social Fund + (2022), U Cakovcu uruéeno 17 ugovora vrijednih gotovo 13 mil. kn za [102]
nastavak programa ,Zazeli“ - Europski socijalni fond, http://www.esf.hr/u-cakovcu-uruceno-17-
ugovora-vrijednih-gotovo-13-mil-kn-za-nastavak-programa-zazeli/ (accessed on
25 August 2023).

Eurostat (2023), Eurostat — EUROPOP2023 population projections, [76]
https://ec.europa.eu/eurostat/databrowser/view/TPS00002/default/table?lang=en.

Eurostat (2023), Statistics, (811
https://ec.europa.eu/eurostat/databrowser/view/HLTH EHIS SK4E custom 7121305/default
/table?lang=en&page=time:2019.

Faisal-Cury, A. et al. (2022), “Depression underdiagnosis: Prevalence and associated factors. A [40]

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



42 | DELSA/HEA/WD/HWP(2025)6

population-based study”, Journal of Psychiatric Research, Vol. 151, pp. 157-165,
https://doi.org/10.1016/j.jpsychires.2022.04.025.

Faisal-Cury, A. et al. (2022), “Depression underdiagnosis: Prevalence and associated factors. A [151]
population-based study”, Journal of Psychiatric Research, Vol. 151, pp. 157-165,
https://doi.org/10.1016/j.jpsychires.2022.04.025.

Falkow, S. (1988), “Molecular Koch’s Postulates Applied to Microbial Pathogenicity”, Clinical (64]
Infectious Diseases, Vol. 10/Supplement 2, pp. S274-S276,
https://doi.org/10.1093/cid/10.Supplement_2.S274.

Fedak, K. et al. (2015), “Applying the Bradford Hill criteria in the 21st century: how data (671
integration has changed causal inference in molecular epidemiology”, Emerging Themes in
Epidemiology, Vol. 12/1, p. 14, https://doi.org/10.1186/s12982-015-0037-4.

Feigl, A. et al. (2019), “The short-term effect of BMI, alcohol use, and related chronic conditions ~ [119]
on labour market outcomes: A time-lag panel analysis utilizing European SHARE dataset”,
PLOS ONE, Vol. 14/3, p. e0211940, https://doi.org/10.1371/journal.pone.0211940.

Feng, M. et al. (2023), “Influence of chronic diseases on the occurrence of depression: A 13-year  [13]
follow-up study from the Survey of Health, Ageing and Retirement in Europe”, Psychiatry
Research, Vol. 326, p. 115268, https://doi.org/10.1016/j.psychres.2023.115268.

Fluharty, M. et al. (2017), “The Association of Cigarette Smoking With Depression and Anxiety: A [73]
Systematic Review.”, Nicotine & tobacco research : official journal of the Society for Research
on Nicotine and Tobacco, Vol. 19/1, pp. 3-13, https://doi.org/10.1093/ntr/ntw140.

Gallegos-Carrillo, K. et al. (2009), “Role of depressive symptoms and comorbid chronic disease ~ [137]
on health-related quality of life among community-dwelling older adults”, Journal of
Psychosomatic Research, Vol. 66/2, pp. 127-135,
https://doi.org/10.1016/j.jpsychores.2008.07.007.

GBD 2019 Mental Disorders Collaborators (2022), “Global, regional, and national burden of 12 [150]
mental disorders in 204 countries and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019”, The Lancet Psychiatry, Vol. 9/2, pp. 137-150,
https://doi.org/10.1016/S2215-0366(21)00395-3.

Global Health Security Index (2021), GHS Index Country Profile for Croatia, [118]
https://www.ghsindex.org/country/croatia/.

Gnardellis, C. et al. (2022), “Overestimation of Relative Risk and Prevalence Ratio: Misuse of [141]
Logistic Modeling”, Diagnostics, Vol. 12/11, p. 2851,
https://doi.org/10.3390/diagnostics12112851.

Gold, S. et al. (2020), “Comorbid depression in medical diseases”, Nature Reviews Disease [71
Primers, Vol. 6/1, p. 69, https://doi.org/10.1038/s41572-020-0200-2.

Government of Croatia (2022), The right to the status of parent caregiver or caregiver status, [100]
https://gov.hr/hr/pravo-na-status-roditelja-njegovatelja-ili-status-njegovatelja/726.

Guerra, M. et al. (2015), “Psychometric properties of EURO-D, a geriatric depression scale: a (73]
cross-cultural validation study”, BMC Psychiatry, Vol. 15/1, p. 12,

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



DELSA/HEA/WD/HWP(2025)6 | 43

https://doi.org/10.1186/s12888-015-0390-4.

Han, F. et al. (2021), “Depressive symptoms and cognitive impairment: A 10-year follow-up study  [33]
from the Survey of Health, Ageing and Retirement in Europe”, European Psychiatry, Vol. 64/1,
p. €55, https://doi.org/10.1192/j.eurpsy.2021.2230.

Health Systems and Policy Monitor (2023), Update - Establishment of a helicopter emergency (98]
service, https://eurohealthobservatory.who.int/monitors/health-systems-
monitor/updates/hspm/croatia-2022/establishment-of-a-helicopter-emergency-service.

Health Systems and Policy Monitor (2023), Update- Establishment of an emergency maritime (971
medical service, https://eurohealthobservatory.who.int/monitors/health-systems-
monitor/updates/hspm/croatia-2022/establishment-of-an-emergency-maritime-medical-
service.

Health Systems and Policy Monitor (HSPM) (2023), Analysis - The new Health Care Act in (99]
Croatia, https://eurohealthobservatory.who.int/monitors/health-systems-
monitor/analyses/hspm/croatia-2022/the-new-health-care-act (accessed on 18 August 2023).

Hill, A. (1965), “The Environment and Disease: Association or Causation?”, Proceedings of the (27]
Royal Society of Medicine, Vol. 58/5, pp. 295-300,
https://doi.org/10.1177/003591576505800503.

Institute for Health Metrics and Evaluation (IHME) (2020), Global Burden of Disease Study 2019  [77]
(GBD 2019) Results, https://vizhub.healthdata.org/gbd-results/.

lyer, A. et al. (2016), “Depression Is Associated with Readmission for Acute Exacerbation of (21]
Chronic Obstructive Pulmonary Disease”, Annals of the American Thoracic Society, Vol. 13/2,
pp. 197-203, https://doi.org/10.1513/annalsats.201507-4390c.

Jerant, A. et al. (2008), “Perceived control moderated the self-efficacy-enhancing effects of a [50]
chronic iliness self-management intervention”, Chronic lliness, Vol. 4/3, pp. 173-182,
https://doi.org/10.1177/1742395308089057.

Jiang, C., F. Zhu and T. Qin (2020), “Relationships between Chronic Diseases and Depression (14]
among Middle-aged and Elderly People in China: A Prospective Study from CHARLS”,
Current Medical Science, Vol. 40/5, pp. 858-870, https://doi.org/10.1007/s11596-020-2270-5.

Kemp, A. et al. (2022), “Editorial: Improving Wellbeing in Patients With Chronic Conditions: (53]
Theory, Evidence, and Opportunities”, Frontiers in Psychology, Vol. 13,
https://doi.org/10.3389/fpsyq.2022.868810.

Knol, M. et al. (2011), “Potential Misinterpretation of Treatment Effects Due to Use of Odds Ratios [139]
and Logistic Regression in Randomized Controlled Trials”, PLoS ONE, Vol. 6/6, p. 21248,
https://doi.org/10.1371/journal.pone.0021248.

Krebber, A. et al. (2013), “Prevalence of depression in cancer patients: a meta-analysis of (10]
diagnostic interviews and self-report instruments”, Psycho-Oncology, Vol. 23/2, pp. 121-130,
https://doi.org/10.1002/pon.3409.

Kroenke, K. et al. (2009), “The PHQ-8 as a measure of current depression in the general (701
population”, Journal of Affective Disorders, Vol. 114/1-3, pp. 163-173,

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



44 | DELSA/HEA/WD/HWP(2025)6

https://doi.org/10.1016/j.jad.2008.06.026.

Kucera, M., K. Wolfova and P. Cermakova (2020), “Changes in depressive symptoms of older (32]
adults in the Czech Republic”, Journal of Affective Disorders, Vol. 261, pp. 139-144,
https://doi.org/10.1016/j.jad.2019.10.016.

Lang, U. and S. Borgwardt (2013), “Molecular Mechanisms of Depression: Perspectives on New  [11]
Treatment Strategies”, Cellular Physiology and Biochemistry, Vol. 31/6, pp. 761-777,
https://doi.org/10.1159/000350094.

Larraga, L. et al. (2006), “Validation of the Spanish version of the EURO-D scale: an instrument ~ [128]
for detecting depression in older people”, International Journal of Geriatric Psychiatry,
Vol. 21/12, pp. 1199-1205, https://doi.org/10.1002/gps.1642.

Last, B. et al. (2021), “A pilot study of participatory and rapid implementation approaches to 68]
increase depression screening in primary care”, BMC Family Practice, Vol. 22/1, p. 228,
https://doi.org/10.1186/s12875-021-01550-5.

Le, T. etal. (2011), “Treatment patterns and resource use among patients with comorbid diabetes  [23]
mellitus and major depressive disorder”, Journal of Medical Economics, Vol. 14/4, pp. 440-
447, hitps://doi.org/10.3111/13696998.2011.588507.

Lin, T. et al. (2023), “On modelling relative risks for longitudinal binomial responses: implications ~ [142]
from two dueling paradigms”, General Psychiatry, Vol. 36/2, p. e100977,
https://doi.org/10.1136/gpsych-2022-100977.

Lusa, L. and M. Huebner (2021), “Organizing and analyzing data from the share study with an (31
application to age and sex differences in depressive symptoms”, International Journal of
Environmental Research and Public Health, Vol. 18/18,
https://doi.org/10.3390/ijerph18189684.

Marques, A. et al. (2021), “Exploring grip strength as a predictor of depression in middle-aged (31]
and older adults”, Scientific Reports, Vol. 11/1, p. 15946, https://doi.org/10.1038/s41598-021-
95566-7.

Martinez, B. et al. (2017), “Odds Ratio or Prevalence Ratio? An Overview of Reported Statistical  [143]
Methods and Appropriateness of Interpretations in Cross-sectional Studies with Dichotomous
Outcomes in Veterinary Medicine”, Frontiers in Veterinary Science, Vol. 4,
https://doi.org/10.3389/fvets.2017.00193.

Massie, M. (2004), “Prevalence of Depression in Patients With Cancer”, Journal of the National ~ [136]
Cancer Institute Monographs, Vol. 2004/32, pp. 57-71,
https://doi.org/10.1093/incimonographs/Igh014.

McTiernan, A. et al. (2019), “Physical Activity in Cancer Prevention and Survival: A Systematic [44]
Review”, Medicine & Science in Sports & Exercise, Vol. 51/6, pp. 1252-1261,
https://doi.org/10.1249/MSS.0000000000001937.

Mehrbrodt, T., S. Gruber and M. Wagner (2019), Scales and Multi-Item Indicators in the Survey of [29]
Health, Ageing and Retirement in Europe, http://www.share-project.org/data-.

Ministry of Health (2021), Nacionalni plan razvoja zdravstva za razdoblje od 2021. do 2027. [108]

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



DELSA/HEA/WD/HWP(2025)6 | 45

godine (National Health Development Plan 2021-2027),
https://zdravlje.gov.hr/UserDocsImages/2022%200bjave/Nacionalni%20plan%20razvoja%20z

dravstva%202021.-2027..pdf.

Missikpode, C. et al. (2023), “Association between Depressive Symptom Trajectory and Chronic
Kidney Disease Progression: Findings from the Chronic Renal Insufficiency Cohort Study”,
Kidney360, Vol. 4/5, pp. 606-614, https://doi.org/10.34067/KID.0000000000000087.

Mitchell, A. et al. (2017), “Prevalence and predictors of post-stroke mood disorders: A meta-
analysis and meta-regression of depression, anxiety and adjustment disorder”, General
Hospital Psychiatry, Vol. 47, pp. 48-60, https://doi.org/10.1016/j.genhosppsych.2017.04.001.

Moussavi, S. et al. (2007), “Depression, chronic diseases, and decrements in health: results from
the World Health Surveys”, The Lancet, Vol. 370/9590, pp. 851-858,
https://doi.org/10.1016/S0140-6736(07)61415-9.

Murray, C. et al. (2020), “Global burden of 87 risk factors in 204 countries and territories, 1990—
2019: a systematic analysis for the Global Burden of Disease Study 2019”, The Lancet,
Vol. 396/10258, pp. 1223-1249, https://doi.org/10.1016/S0140-6736(20)30752-2.

Murray, C. et al. (2012), “Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21
regions, 1990-2010: a systematic analysis for the Global Burden of Disease Study 2010”, The
Lancet, Vol. 380/9859, pp. 2197-2223, https://doi.org/10.1016/s0140-6736(12)61689-4.

Naser, A. et al. (2021), “Depression and Anxiety in Patients With Cancer: A Cross-Sectional
Study”, Frontiers in Psychology, Vol. 12, https://doi.org/10.3389/fpsyq.2021.585534.

Noordzij, M. et al. (2017), “Relative risk versus absolute risk: one cannot be interpreted without
the other”, Nephrology Dialysis Transplantation, Vol. 32/suppl_2, pp. ii13-ii18,
https://doi.org/10.1093/ndt/gfw465.

Nowinski, C. et al. (2022), “Applying the Bradford Hill Criteria for Causation to Repetitive Head
Impacts and Chronic Traumatic Encephalopathy”, Frontiers in Neurology, Vol. 13,
https://doi.org/10.3389/fheur.2022.938163.

OECD (2025), Does Healthcare Deliver?: Results from the Patient-Reported Indicator Surveys
(PaRIS), OECD Publishing, Paris, https://doi.org/10.1787/c8af05a5-en.

OECD (2023), Embracing a One Health Framework to Fight Antimicrobial Resistance: Key
findings on Croatia, OECD Publishing, https://doi.org/10.1787/ce44c755-en.

OECD (2023), EU Country Cancer Profile: Croatia 2023, EU Country Cancer Profiles, OECD
Publishing, Paris, https://doi.org/10.1787/372db8b8-en.

OECD (2023), Health at a Glance 2023: OECD Indicators, OECD Publishing, Paris,
https://doi.org/10.1787/7a7afb35-en.

OECD (2023), Improving Long-Term Care in Croatia, OECD Health Policy Studies, OECD
Publishing, Paris, https://doi.org/10.1787/9de55222-en.

OECD (2023), OECD Economic Outlook, Volume 2023 Issue 1, OECD Publishing, Paris,
https://doi.org/10.1787/ce188438-en.

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025

[43]

[149]

[17]

(3]

6]

(38]

[145]

(65]

[57]

[117]

(88]

[152]

[101]

[103]

Unclassified



46 | DELSA/HEA/WD/HWP(2025)6

OECD (2023), Ready for the Next Crisis? Investing in Health System Resilience, OECD Health ~ [107]
Policy Studies, OECD Publishing, Paris, https://doi.org/10.1787/1e53cf80-en.

OECD (2022), Health Data Governance for the Digital Age: Implementing the OECD [106]
Recommendation on Health Data Governance, OECD Publishing, Paris,
https://doi.org/10.1787/68b60796-en.

OECD (2022), Healthy Eating and Active Lifestyles: Best Practices in Public Health, OECD (45]
Publishing, Paris, https://doi.org/10.1787/40f65568-en.

OECD (2021), Fitter Minds, Fitter Jobs: From Awareness to Change in Integrated Mental Health, [122]
Skills and Work Policies, Mental Health and Work, OECD Publishing, Paris,
https://doi.org/10.1787/a0815d0f-en.

OECD (2021), Preventing Harmful Alcohol Use, OECD Health Policy Studies, OECD Publishing, [123]
Paris, https://doi.org/10.1787/6e4b4ffb-en.

OECD (2020), OECD’s SPHeP models: a tool to inform strategic planning in public health, [26]
https://www.oecd.org/health/ OECD-SPHEP-Models-Brochure-2020.pdf (accessed on
13 January 2024).

OECD (2019), Health at a Glance 2019: OECD Indicators, OECD Publishing, Paris, (18]
https://doi.org/10.1787/4dd50c09-en.

OECD (2019), Putting people at the centre of health care- PaRIS survey of Patients with Chronic ~ [96]
Conditions, https://www.oecd.org/health/health-systems/PaRIS-survey-Patients-with-Chronic-
Conditions-June-2019.pdf.

OECD (2019), The Heavy Burden of Obesity: The Economics of Prevention, OECD Health Policy [126]
Studies, OECD Publishing, Paris, https://doi.org/10.1787/67450d67-en.

OECD/European Observatory on Health Systems and Policies (2023), Croatia: Country Health (79l
Profile 2023, OECD Publishing.

OECD/European Observatory on Health Systems and Policies (2021), Croatia: Country Health (111
Profile 2021, State of Health in the EU, OECD Publishing, Paris,
https://doi.org/10.1787/717e€5510-en.

OECD/European Observatory on Health Systems and Policies (2019), Croatia: Country Health (99]
Profile 2019, State of Health in the EU, OECD Publishing, Paris,
https://doi.org/10.1787/b63e8c9f-en.

OECD/European Union (2018), Health at a Glance: Europe 2018: State of Health in the EU (82]
Cycle, OECD Publishing, Paris/European Union, Brussels,
https://doi.org/10.1787/health glance eur-2018-en.

@stergaard, S. and L. Foldager (2011), “The association between physical illness and major [131]
depressive episode in general practice”, Acta Psychiatrica Scandinavica, Vol. 123/4, pp. 290-
296, https://doi.org/10.1111/j.1600-0447.2010.01668.x.

@stergaard, S. and L. Foldager (2011), “The association between physical illness and major (371
depressive episode in general practice”, Acta Psychiatrica Scandinavica, Vol. 123/4, pp. 290-

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



DELSA/HEA/WD/HWP(2025)6 | 47

296, https://doi.org/10.1111/j.1600-0447.2010.01668.x.

Ould Brahim, L. et al. (2021), “The effects of self-management interventions on depressive (48]
symptoms in adults with chronic physical disease(s) experiencing depressive
symptomatology: a systematic review and meta-analysis”, BMC Psychiatry, Vol. 21/1,
https://doi.org/10.1186/s12888-021-03504-8.

Pitman, A. et al. (2018), “Depression and anxiety in patients with cancer”, BMJ, p. k1415, [139]
https://doi.org/10.1136/bmj.k1415.

Prince, M. et al. (2007), No health without mental health, https://doi.org/10.1016/S0140- [120]
6736(07)61238-0.

Prince, M. et al. (1999), “Development of the EURO-D scale — a European Union initiative to (127]
compare symptoms of depression in 14 European centres”, British Journal of Psychiatry,
Vol. 174/4, pp. 330-338, https://doi.org/10.1192/bjp.174.4.330.

Ranganathan, P., R. Aggarwal and C. Pramesh (2015), “Common pitfalls in statistical analysis: [146]
Odds versus risk”, Perspectives in Clinical Research, Vol. 6/4, p. 222,
https://doi.org/10.4103/2229-3485.167092.

Read, J. et al. (2017), “Multimorbidity and depression: A systematic review and meta-analysis”, ~ [130]
Journal of Affective Disorders, Vol. 221, pp. 36-46, https://doi.org/10.1016/j.jad.2017.06.009.

Read, J. et al. (2017), “Multimorbidity and depression: A systematic review and meta-analysis”, [16]
Journal of Affective Disorders, Vol. 221, pp. 36-46, https://doi.org/10.1016/j.jad.2017.06.009.

Rechel, B., E. Richardson and M. McKee (eds.) (2018), The organization and delivery of (113]
vaccination services in the European Union: prepared for the European Commission., World
Health Organization. Regional Office for Europe, https://iris.who.int/handle/10665/330345.

Reinauer, C. et al. (2021), “Efficacy of Motivational Interviewing to Improve Utilization of Mental ~ [138]
Health Services Among Youths With Chronic Medical Conditions”, JAMA Network Open,
Vol. 4/10, p. €2127622, https://doi.org/10.1001/jamanetworkopen.2021.27622.

Sanchez-Ortega, M. et al. (2022), “Nursing Intervention to Improve Positive Mental Health and [59]
Self-Care Skills in People with Chronic Physical Health Conditions”, International Journal of
Environmental Research and Public Health, Vol. 20/1, p. 528,
https://doi.org/10.3390/ijerph20010528.

Sartorius, N., R. Holt and M. Maj (eds.) (2014), Comorbidity of Mental and Physical Disorders, S.  [18]
Karger AG, https://doi.org/10.1159/isbn.978-3-318-02604-7.

Sasseville, M. et al. (2021), “Digital health interventions for the management of mental health in [56]
people with chronic diseases: a rapid review”, BMJ Open, Vol. 11/4, p. e044437,
https://doi.org/10.1136/bmjopen-2020-044437 .

Seo, J. et al. (2017), “The relationship between multiple chronic diseases and depressive [133]
symptoms among middle-aged and elderly populations: results of a 2009 korean community
health survey of 156,747 participants”, BMC Public Health, Vol. 17/1,
https://doi.org/10.1186/s12889-017-4798-2.

Shimonovich, M. et al. (2021), “Assessing causality in epidemiology: revisiting Bradford Hill to (66]

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



48 | DELSA/HEA/WD/HWP(2025)6

incorporate developments in causal thinking”, European Journal of Epidemiology, Vol. 36/9,
pp. 873-887, https://doi.org/10.1007/s10654-020-00703-7.

Slawomirski, L., M. Van Den Berg and S. Karmakar-Hore (2018), “Patient-Reported indicator [123]
survey (Paris): aligning practice and policy for better health outcomes”, World Medical Journal,
Vol. 64/3, pp. 8-14.

Sonu, S., S. Post and J. Feinglass (2019), “Adverse childhood experiences and the onset of (39]
chronic disease in young adulthood”, Preventive Medicine, Vol. 123, pp. 163-170,
https://doi.org/10.1016/j.ypmed.2019.03.032.

Stein, D. et al. (2019), “Integrating mental health with other non-communicable diseases”, BMJ, (54]
p. 1295, https://doi.org/10.1136/bm;.1295.

Subramaniam, M. et al. (2009), “Comorbid depression and increased health care utilisation in (19]
individuals with diabetes”, General Hospital Psychiatry, Vol. 31/3, pp. 220-224,
https://doi.org/10.1016/j.genhosppsych.2009.01.001.

Taylor, G. et al. (2021), “Smoking cessation for improving mental health”, Cochrane Database of  [46]
Systematic Reviews, Vol. 2021/3, https://doi.org/10.1002/14651858.CD013522.pub?2.

Taylor, G. et al. (2014), “Change in mental health after smoking cessation: systematic review and ~ [47]
meta-analysis”, BMJ, Vol. 348/feb13 1, pp. g1151-g1151, htips://doi.org/10.1136/bmj.g1151.

Tenny, S. and M. Hoffman (2023), Relative Risk. (35]

Tripepi, G. et al. (2007), “Measures of effect: Relative risks, odds ratios, risk difference, and [147]
‘number needed to treat”, Kidney International, Vol. 72/7, pp. 789-791,
https://doi.org/10.1038/sj.ki.5002432.

UN General Assembly (73rd Session: 2018-19) (2018), Political declaration of the Third high-level [34]
meeting of the General Assembly on the prevention and control of Non-Communicable
Diseases: resolution / adopted by the General Assembly,
https://digitallibrary.un.org/record/1648984?v=pdf (accessed on 12 March 2025).

Vaccarino, V. et al. (2020), “Depression and coronary heart disease: 2018 position paper of the (8]
ESC working group on coronary pathophysiology and microcirculation”, European Heart
Journal, Vol. 41/17, pp. 1687-1696, https://doi.org/10.1093/eurheartj/ehy913.

Vamos, E. et al. (2009), “Comorbid Depression Is Associated With Increased Healthcare (20]
Utilization and Lost Productivity in Persons With Diabetes: A Large Nationally Representative
Hungarian Population Survey”, Psychosomatic Medicine, Vol. 71/5, pp. 501-507,
https://doi.org/10.1097/PSY.0b013e3181a5a7ad.

Vilagut, G. et al. (2016), “Screening for Depression in the General Population with the Center for ~ [72]
Epidemiologic Studies Depression (CES-D): A Systematic Review with Meta-Analysis”, PLOS
ONE, Vol. 11/5, p. e0155431, https://doi.org/10.1371/journal.pone.0155431.

WHO (2024), On the road to 2025: The global NCD deadline, (58]
https://www.who.int/teams/noncommunicable-diseases/on-the-road-to-2025 (accessed on
15 April 2024).

WHO (2022), Achieving well-being A global framework for integrating well-being into public health (60l

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



DELSA/HEA/WD/HWP(2025)6 | 49

utilizing a health promotion approach.

WHO (2022), Tracking AMR Country Self Assessment Survey (TrACSS) 2022 Country Report: ~ [104]

Croatia.
WHO (2020), Mental Health Atlas 2020 Member State Profile: Croatia. (86]
World Bank (2019), National Development Strategy Croatia 2030 Policy Note: Health Sector, (87]

https://pubdocs.worldbank.org/en/308141604345833955/7-Health-Sector.pdf.

World Health Organization. (2022), World mental health report: transforming mental health for all. [121]
Executive summary, World Health Organization, Geneva.

Ziarko, M. et al. (2014), “The Mediating Role of Dysfunctional Coping in the Relationship between  [19]
Beliefs about the Disease and the Level of Depression in Patients with Rheumatoid Arthritis”,
The Scientific World Journal, Vol. 2014, pp. 1-6, https://doi.org/10.1155/2014/585063.

Zou, G. (2004), “A Modified Poisson Regression Approach to Prospective Studies with Binary [129]
Data”, American Journal of Epidemiology, Vol. 159/7, pp. 702-706,
https://doi.org/10.1093/aje/kwh090.

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified



50 | DELSA/HEA/WD/HWP(2025)6

OECD Health Working Papers

A full list of the papers in this series can be found on the OECD website: Reports and research papers

No. 177 — TOWARDS IDENTIFYING GOOD PRACTICES IN THE ASSESSMENT OF DIGITAL
MEDICAL DEVICES: INSIGHTS FROM SEVERAL OECD COUNTRIES (April 2025) Suzannah
Chapman

No. 176 —-THE ECONOMICS OF DIAGNOSTIC SAFETY (March 2025) Luke Slawomirski, David Kelly,
Katherine de Bienassis, Kadri-Ann Kallas and Niek Klazinga

No. 175 — SMART SPENDING TO COMBAT GLOBAL HEALTH THREATS (March 2025) David Morgan,
Chris James, Kerri Elgar, Caroline Penn and Yasmin Ahmad

No. 174 — ANALYSE DE LA CROISSANCE DES DEPENSES DE SANTE EN FRANCE ET EN
ALLEMAGNE (January 2025) Michael Mueller, Ricarda Milstein, Pauline Fron, David Morgan and Luca
Lorenzoni

No. 173 — LEADING PRACTICES FOR THE FUTURE OF TELEMEDICINE: IMPLEMENTING
TELEMEDICINE POST-PANDEMIC (January 2025) Rishub Keelara, Eric Sutherland and Margarita
Almyranti

No. 172 — TACKLING ANTIMICROBIAL RESISTANCE IN INDIGENOUS, RURAL AND REMOTE
COMMUNITIES (September 2024) Ece Ozgelik, Suzannah Chapman and Michele Cecchini

No. 171 — EXPLORINGTHE FEASIBILITY OF SHARING INFORMATION ON MEDICINE PRICES
ACROSS COUNTRIES (September 2024) Marjolijn Moens, Eliana Barrenho and Valérie Paris

No. 170 — ACCESS TO ONCOLOGY MEDICINES IN EU AND OECD COUNTRIES (September 2024)
Thomas Hofmarcher, Caroline Berchet and Guillaume Dedet

No. 169 - DIGITAL AND INNOVATIVE TOOLS FOR BETTER HEALTH AND PRODUCTIVITY AT THE
WORKPLACE (August 2024) Pedro Isaac Vazquez-Venegas, Marion Devaux, Hikaru
Aihara and Michele Cecchini

No. 168 - COMPARATIVE ASSESSMENT OF PATIENT SAFETY CULTURE PERFORMANCE IN
OECD COUNTRIES (July 2024) Katherine de Bienassis and Niek Klazinga

No. 167 - THE IMPACTS OF LONG COVID ACROSS OECD COUNTRIES (June 2024) Ana Espinosa
Gonzalez and Elina Suzuki

No. 166 - PARIS FIELD TRIAL REPORT: TECHNICAL REPORT ON THE CONDUCT AND RESULTS
OF THE FIELD TRIAL OF THE INTERNATIONAL PARIS SURVEY OF PEOPLE LIVING WITH
CHRONIC CONDITIONS (April 2024) Michael van den Berg, Candan Kendir, Diana Castelblanco,
Nicolas Larrain, Frederico Guanais, Oliver Groene, Pilar lllarramendi, Jose Maria Valderas, Rachel
Williams and Mieke Rijken

No. 165 - ADVANCED PRACTICE NURSING IN PRIMARY CARE IN OECD COUNTRIES: RECENT
DEVELOPMENTS AND PERSISTING IMPLEMENTATION CHALLENGES (April 2024) Gaetan
Lafortune and lan Brownwood

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified


mailto:https://www.oecd.org/en/publications/reports.html?orderBy=mostRelevant&page=0&facetTags=oecd-content-types%3Apublications%2Fworking-papers%2Coecd-policy-areas%3Apa11

DELSA/HEA/WD/HWP(2025)6 | 51

Recent related OECD
publications

DOES HEALTHCARE DELIVER? Results from the Patient-Reported Indicator Surveys (PaRIS)(February
2025)

EU COUNTRY CANCER PROFILES SYNTHESIS REPORT 2025 (February 2025)

EU COUNTRY CANCER PROFILES 2025 (February 2025) EU Country Cancer Profiles 2025 | OECD
WHAT DO WE KNOW ABOUT YOUNG PEOPLE’S INTEREST IN HEALTH CAREERS? (January 2025)
TACKLING THE IMPACT OF CANCER ON HEALTH, THE ECONOMY AND SOCIETY (November 2024)
HEALTH AT A GLANCE: ASIA/PASIFIC 2024 (November 2024)

HEALTH AT A GLANCE: EUROPE 2024 (November 2024)

IS CARE AFFORDABLE FOR OLDER PEOPLE? (October 2024)

TOBACCO TAXATION IN LATIN AMERICA AND THE CARIBBEAN (October 2024)

STRENGTHENING PANDEMIC PREPAREDNESS AND RESPONSE THROUGH INTEGRATED
MODELLING (May 2024)

OECD HEALTH STATISTICS (2024) — July 2024. The 2024 edition of OECD Health Statistics is now
available on OECD Data Explorer OECD Health Statistics 2024 - OECD

STRENGTHENING HEALTH SYSTEMS. A Practical Handbook for Resilience Testing (March 2024)
SECURING MEDICAL SUPPLY CHAINS IN A POST-PANDEMIC WORLD (February 2024)

BEATING CANCER INEQUALITIES IN THE EU: Special Focus on Cancer Prevention and Early Detection
(February 2024)

RETHINKING HEALTH SYSTEM PERFORMANCE ASSESSMENT: A Renewed Framework (January
2024)

COLLECTIVE ACTION FOR RESPONSIBLE Al IN HEALTH (January 2024)

FISCAL SUSTAINABILITY OF HEALTH SYSTEMS- HOW TO FINANCE MORE RESILIENT HEALTH
SYSTEMS WHEN MONEY IS TIGHT? (January 2024)

EU COUNTRY HEALTH PROFILES 2023 (December 2023)

EVALUATION OF BELGIUM’S COVID-19 RESPONSES - Fostering Trust for a More Resilient Society
(December 2023)

HEALTH AT A GLANCE 2023 — OECD INDICATORS (November 2023)

For a full list, consult the OECD health web page.

EXPLORING THE RELATIONSHIP BETWEEN NON-COMMUNICABLE DISEASES AND DEPRESSION © OECD 2025
Unclassified


https://www.oecd.org/fr/publications/les-systemes-de-sante-tiennent-ils-leurs-promesses_81af0784-fr.html
https://www.oecd.org/en/publications/eu-country-cancer-profiles-synthesis-report-2025_20ef03e1-en.html
https://www.oecd.org/en/publications/eu-country-cancer-profile-austria-2025_c8d574cc-en.html
https://www.oecd.org/content/oecd/en/about/projects/eu-country-cancer-profiles-2025.html
https://www.oecd.org/en/publications/what-do-we-know-about-young-people-s-interest-in-health-careers_002b3a39-en.html
https://data-explorer.oecd.org/
https://www.oecd.org/en/topics/health.html

	OECD Health Working Papers
	Acknowledgements
	SHARE Acknowledgement

	Abstract
	Résumé
	List of acronyms
	1 Background
	2 Methodology
	2.1. Data used in this study
	2.2. Variables used in this study
	2.3. Data cleaning and wave pair construction
	2.4. Data analysis

	3 Results
	3.1. Depression is more common in people with NCDs
	3.2. NCDs increase the future risk of depression
	3.3. The risk of depression due to NCDs remains statistically significant when using other study designs
	3.4. The increased depression risk due to NCDs persists with a different measure of depression

	4 Discussion and key policy messages
	4.1. NCDs are independently associated with an increased risk of depression, and the effect increases with multimorbidity
	Although bidirectionality and reverse causality cannot be ruled out, shared risk factors lead to NCDs and depression via distinct biological, psychological and social pathways, and the study sill found significant results after adjusting for confounders

	4.2. NCD action plans should integrate mental health as a core element to improve population physical health, wellbeing and productivity
	Depression can accelerate NCD progression and drive-up costs
	Primary and tertiary prevention activities help to tackle the rising burden of NCDs and reduce complications respectively, while bringing improving mental health and wellbeing co-benefits
	Given greater vulnerability to depression among people living with NCDs, it is important to assess and review identification and treatment policy and strategies
	Implications in light of ageing populations
	Alignment with Policy Context Internationally
	Annex A. Establishing causality
	Annex B. Measuring depression

	Using EURO-D score to measure depression
	Annex C. Variables used in this study
	Annex D. Baseline characteristics of the sample




