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Research Paper 

Depression and diabetes: The role of syndemics in the social inequality 
of disability 

Finn Diderichsen a,b,*, Ingelise Andersen a, Jimmi Mathisen a 

a University of Copenhagen, Department of Public Health, Box 2099, DK-1014. Copenhagen K, Denmark 
b Fundação Oswaldo Cruz, IAM, 50670-420 Recife/PE, Brazil  

A B S T R A C T   

Background: Most countries including Brazil have steep social gradients in the prevalence of disability. Many disorders contribute to that, and one individual often 
suffers from more than one disabling disease. The question is to what extent the syndemics framework that assume clustering and interaction between comorbid 
disorders influence the inequality in disability. 
Methods: We used the National Health Survey of Brazil (PNS 2013 N = 60.202 aged 18+ years), and studied prevalent self-reported disability, diabetes and 
depression. We estimated age- and sex-adjusted prevalence differences across levels of education and interactions as departure from additivity with linear probability 
models. 
Results: The Brazilian population shows social inequalities in the prevalence of both diabetes and depression, and the impact of the disorders on disability is dif-
ferential, i.e. stronger among the low educated. There is both clustering and interaction between the two disorders, but the two mechanisms seem to play a negligible 
role in explaining the inequality in disability, whereas the most important mechanism is the differential impact the two disorders have on disability. A majority of 
patients suffering from both disorders has however a precarious position on the labor market with a combination of disability and only primary school or less 
education. 
Conclusion: The syndemics framework is helpful in understanding how comorbidities impact people’s lives in a specific context of social inequality, and the inter-
action between clustering disorders are very visible on the population level. Clustering and interaction between diabetes and depression does not however contribute 
much to the social disparities in disability, but the group suffering from this comorbidity represent a significant need for vocational rehabilitation.   

1. Introduction 

Disability, limitations of daily activities and restrictions in partici-
pation, are strongly patterned along socioeconomic lines (Hosseinpoor 
et al., 2013). Typically, we assume that this disparity is due to a disparity 
in an underlying disease or injury. It is part of the disabling process 
(Verbrugge and Jette 1994) that a disease or impairment interacts with 
the context in which patients live, and the impact on disability is a result 
of this interaction. The result might be social inequality in the impact of 
a given morbidity on disability (Klijs et al., 2014) or participation 
(Burström et al., 2000). More often than not, disability is not due to one 
disorder only, but to combinations of disorders i.e. multimorbidity 
(Ryan et al., 2015). Multimorbidity is often measured simply as the 
occurrence of 2 or more disorders in the same patient, but different ty-
pologies of comorbidity have gained increasing interest (McLean et al., 
2014; Rzewuska et al., 2017). Management of more “concordant” 
cardio-metabolic multimorbidity with shared causal mechanisms like 
hypertension, diabetes and coronary heart disease represent challenges 
different from a more “discordant” multimorbidity including 

combination of physical and mental illnesses (Smith et al., 2012; 
McLean et al., 2014). The latter type of multimorbidity is more often 
associated with socioeconomic deprivation, but is also characterized by 
causal relationships where one disorder influences the occurrence of the 
others (Momen et al., 2020), and/or modifies their consequences (Liu 
et al., 2017; Scott et al., 2009). The impact on population health of this 
interaction between disorders depends on how often they cluster to the 
same individuals. 

The framework of syndemics has brought all these different aspects 
together to create a better understanding of how the burden of disease 
impact people’s daily lives (Singer et al., 2017). When living in a context 
of structural inequalities driving the occurrence and consequences of 
multiple morbidities the impact of one disease cannot be seen in isola-
tion, but can only be understood together with other clustering and 
interacting disorders (Singer et al., 2017). It has, in accordance with this 
understanding been suggested that syndemics play an important role in 
generating inequalities in disease burden (Willen et al., 2017). That 
assumption has however not been subject to much empirical testing. 

Interactions between disorders are particularly challenging to handle 
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clinically (Smith et al., 2012), but might also be so for public health staff 
who work to tackle social disparities in disease burden. In countries, like 
Brazil, with large social inequalities and a health care system where “the 
inverse care law” is still prevailing (Junior et al., 2019), this is more 
important than elsewhere. We shall in this paper take diabetes and 
depression as an example of a prevalent comorbidity, and explore the 
role syndemic clustering and interaction play in the pathways driving 
the socioeconomic disparity in disability. 

1.1. The framework of syndemics 

The concept of “syndemics” (i.e. synergistic epidemics) was intro-
duced by Merrill Singer in the 1990s. In a context of poverty and large 
inequalities the etiology and course of single disease can only be un-
derstood by studying the multiple health problems that tend to cluster in 
such an environment. Many comorbidities tend to influence both the 
occurrence and course of each other (Singer et al., 2017). Syndemics 
thus have three components: (1) co-occurring or clustering diseases; (2) 
adverse biological interactions between those diseases and (3) a 
socio-political context that cause or modify the consequences of disease. 
The occurrence of both the disease*disease and the disease*context in-
teractions are a distinguishing feature of syndemics (Singer et al., 2020). 

Most studies on syndemics apply ethnographic or epidemiological 
methods focusing on small populations living and interacting in 
particular contexts. We have earlier shown – even in the large heter-
ogenous population of Brazil – that depression and diabetes are clus-
tering an interacting. (Diderichsen and Andersen, 2019). From an 
anthropological point of view large population studies might however 
miss an important point of context specificity. Most of the empirical 
studies have dealt with communicable comorbidities like TBC, HIV, 
CMV, H1N1 etc. where a biological interaction is more obvious. For 
most non-communicable diseases, the biological interactions may be 
more complicated. The diabetes/depression comorbidity has however 
been studied as a case of non-communicable syndemics of growing 
relevance in many both high- and middle-income populations (Men-
denhall et al., 2017; Diderichsen 2020). Syndemic mechanisms have 
also recently been identified as important for understanding the unequal 
burden of COVID-19 (Bambra et al., 2020). 

1.2. The diabetes-depression comorbidity 

The diabetes/depression comorbidity and clustering have important 
clinical implications (Petrak et al., 2015), and the literature on the 
subject is extensive (Roy and Lloyd 2012). Three causal mechanisms 
might all contribute to the observed clustering: Firstly, depression and 
diabetes may share common causes such as age, short education, 
poverty, long term stress, physical inactivity and obesity (Tabak et al., 
2014). Some studies have indicated that dysregulation of the HPA-axis 
and innate immunity and inflammation is involved in the etiology of 
both type 2 diabetes and depression (Joseph and Golden 2017), and 
mediate the effect on both conditions of adverse social conditions and 
behaviours. Secondly, studies have indicated that diagnosed type 2 
diabetes might increase risk of depression and vice versa (Nouwen et al., 
2019; Chireh et al., 2019). 

Living with a chronic disorder like diabetes might increase the risk of 
depression (Chireh et al., 2019), and depression has a negative influence 
on self-care and treatment adherence among diabetics (Petrak et al., 
2015). That means that depression and diabetes might interact in their 
effects on course and consequences of each disease. A few studies have 
made a more formal interaction analysis of the effect on mortality 
(Naicker et al., 2017) and disability (Scott et al., 2009). 

1.3. The framework of health inequality 

Today socioeconomic inequalities are observed in almost all aspects 
of somatic and mental health, whereby people living in more 

socioeconomically disadvantaged conditions experience higher inci-
dence and worse consequences of disease than their more advantaged 
peers. Health inequalities are observed across rich and poor countries 
and across socioeconomic groups within both rich and poor countries 
(Arcaya et al., 2015). Inequalities in disability have been described in 
both high- and low-income countries and their determinants have been 
analyzed both in terms of exposures (Perez-Hernández et al. 2019) and 
disorders (Klijs et al., 2014). As mentioned above the distinction be-
tween the differential morbidity and differential disability impact is 
potentially important. This distinction is parallel to the distinction be-
tween differential exposure and differential susceptibility to exposures 
driving inequalities in disease incidence (Diderichsen et al., 2019). 

1.4. Syndemics within the health inequality framework 

The starting point for the analysis in this paper is the existing social 
disparities in disability in Brazil. Brazil is middle-income country char-
acterized by huge socioeconomic inequalities. The Gini-coefficient is 
0.629 and the monthly income of richest 10% is 20 times higher than of 
poorest 50%. In Europe the same ratio is 8 (Piketty, 2020). There has in 
the last 30 years been large improvements in child health, while the 
health development among adults have been more problematic with 
growing prevalence and inequality of NCD’s including diabetes 
(Beltrán-Sanchez et al., 2016). Brazil has a much younger population, 
but taking that into account, the burden from NCDs is higher and the 
burden from infections and injuries is more than twice the European 
levels. 

The social disparity in disability will, as mentioned above, mainly be 
due to social disparities in prevalence of the diseases causing disability - 
in our example: diabetes and depression (see arrow I in the model shown 
in Fig. 1). It also depends on how much each disease impacts on 
disability and whether that impact is modified by socioeconomic posi-
tion and context (II). It might also be modified by comorbid conditions 
when two diseases interact (III). The importance of this in a given 
population will depend on the degree of clustering of diabetes and 
depression (IV). By clustering we mean the excess occurrence beyond co- 
occurrence by chance. Without co-occurrence there can be no interac-
tion, and without the interaction the amount of clustering will have no 
impact on the inequality of disability. We have earlier shown the exis-
tence of both clustering and interaction between the two disorders in 
Brazil (Diderichsen and Andersen, 2019). 

The disparity in disability will - for mathematical reasons – depend 
on these four mechanisms (I-IV in Fig. 1), but how much each of them 
impacts on disparities in a real population is what we are going to 
examine here. More specifically, we aim to answer the following five 

Social posi�on

Context

Policy

Exposure        
e.g. obesity

Disease B
e.g. 
diabetes

Disease A
e.g.
depression

Disability

II

I

III

IV

Fig. 1. Model illustrating the four mechanisms of syndemics: Social inequality 
in disease occurence (I), Differential impact of disease on disability (II), Inter-
action between diseases (III), clustering of diseases (IV) 
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questions: 
* To what extent is diabetes and depression associated with educa-

tion? (I) 
* To what extent does their impact on disability differ across 

educational groups? (II) 
* To what extent is there interaction between diabetes and depres-

sion and does it vary across educational groups? (III) 
* To what extent is there clustering between diabetes and depression 

and does it vary across educational groups? (IV) 
* How much does each of these mechanisms influence the educa-

tional disparity in disability? 

2. Material and methods 

The analysis is based on the Brazilian National Health Survey PNS 
2013 (Szwarcwald et al., 2014), which has already been used in studies 
of the prevalence of diabetes, depression and multimorbidity (Rze-
wuska et al., 2017; Diderichsen and Andersen, 2019; Malta et al., 2019). 
It is a cross-sectional household survey designed with a three-stage 
random sampling procedure. The census tracts are the primary units, 
the households are the second-stage units, and one resident per house-
hold aged 18 years or older is the third-stage units. The sample includes 
81,357 households. 8.1% did not want to participate or could not be 
contacted. Interviews on health issues were carried out with 60,202 
individuals. The survey was approved by the Comissão Nacional de Ética 
em Pesquisa (CONEP – National Commission of Ethics in Research - no. 
328,159). 

PNS 2013 is thus a survey with sufficient sample size for the often 
very power-demanding comorbidity and interaction analyses, but it is 
cross-sectional which limits any attempt to draw causal inferences. The 
two disorders analysed are prevalent cases of self-reported diabetes and 
depressive symptoms. The first is based on an affirmative answer to the 
question “Has a doctor ever told you that you have diabetes?” The 
second is based on the PHQ-9 scale with a sum-score ranging from 0 to 
27. Having moderate or severe depressive symptoms (“Depression”) is 
defined as scoring 10 or higher (Kroenke et al., 2001). The measure of 
disability is based on a question raised for each of 13 different chronic 
disorders: to what degree the disease or its complications limit daily 
activities including work. Those who answer “moderate, serious or very 
serious” to at least one of these questions are classified as having 
disability i.e. limiting activities due to illness. “High education” is 
defined as having secondary school or more, “Short education” is pri-
mary school or less. Age is classified in four age intervals (18–24,25–44, 
45–64,65+). 

For an analysis of syndemics it would be ideal to have contextual 
data on local community level, but that is not available in this dataset. 
As a contextual measure of socioeconomic development, we have used 
the Human Development Index (HDI) of the Brazilian states. It is a 
composite index including measures of education, income and 
longevity. In 2010 HDI varied from 0.631 in Alagoas in the North East 
region to 0.783 in São Paulo and 0.824 in the District Federal (IBGE, 
2017). These differences in HDI corresponds to nearly 20 years of 
development in Brazil. States with high HDI tend also to be more ur-
banized and industrialized, with higher average income, much lower 
poverty rates, and in average smaller income inequalities. We have 
divided the population according to HDI level of the state in two groups: 
High-HDI states with HDI ≥ 0.750 (Federal District, São Paulo, Rio de 
Janeiro, Santa Catarina with 37% of the sample), and other states in a 
group of low-medium-HDI with HDI<0.750. 

The mechanism’s studied in this paper includes mediation (of the 
effect of social position on disability), and interaction (between diseases 
and between disease and social position). The methodologies developed 
for handling mediation and interaction simultaneously (VanderWeele 
2015), cannot be used here since this is a cross-sectional study and we 
want also to identify effects of clustering and interaction between 
mediating disorders. We will therefor apply a more simple calculation, 

as described in the results section, where only one mechanism at a time 
can be estimated. Associations in absolute terms (rate differences) are in 
general more policy relevant than relative measures (Harper et al., 
2010), and syndemic interactions will be calculated as departure from 
additivity as proposed by other authors (Tsai and Venkatarmani 2016; 
Scott et al., 2009). We have therefore estimated age and sex-adjusted 
prevalence of disability, diabetes and depression by using linear prob-
ability models (Battey et al., 2019). We have used IBM SPSS© v25 
Generalized Linear Models with robust Huber-White estimations of 95% 
confidence intervals to take into account heteroscedasticity. We have 
applied weights to adjust for sampling methods and non-response 
(Szwarcwald et al., 2014). 

3. Results 

Prevalence rates and absolute numbers of cases in the sample used is 
shown in Table 1. The overall prevalence of disability is 13.7% strongly 
associated with higher age and short education. The same is true for 
diabetes and depression with an overall prevalence of 6.2% and 7.9% 
respectively. 

The starting point for our analysis is the educational disparity in 
disability. In the first row of Table 2 it can be seen that age- and sex 
adjusted prevalence for high educated is 11.5% and for low educated 
18.0, which means a difference 6.5 percentage units (95% CI 5.9;7.1). 
The impact of diabetes and depression on disability is also shown in 
Table 2. Among those with high education the impact of diabetes 
without depression is 19.3–9.0 = 10.3 percentage units and of depres-
sion without diabetes 34.7–9.0 = 25.7. If there was no interaction be-
tween the two disorders the disability rate among the comorbid would 
be 10.3 + 25.7 + 9.0 = 45.0%. It was however estimated to 65.0, which 
means there is an interaction of 20.0 (95% CI 11.6;28.5) percentage 
units. This interaction is stronger among high educated in low-medium- 
HDI-states - 33.8 (22.9;44.6). 

For those with only short education or less the disability impact is 
stronger – particularly from depression. The differential disability 
impact i.e. the interaction between short education and depression is in 
high-HDI states estimated to 13.7 (9.0;18.4) percentage units. There are 
otherwise small differences between states. 

In Table 3 the estimated prevalence of diabetes and depression and 
their comorbid combination is shown adjusted for age and sex. If the 
comorbidity only occurred by chance the prevalence would be (6.4%+

0.9%) * (5.2%+0.9%) = 0.4% among high educated and 0.8% among 
low educated. In reality there is a clustering that increases the 

Table 1 
Material: Prevalence rate (weighted) and absolute numbers (unweighted) of 
people with disability, diabetes or depression across sociodemographic groups 
in the sample. Brazil PNS 2013.   

Disability Diabetes Depression Total 

18–14 years 4.0% (312) 0.5% (34) 5.7% (529) 7,823 
25–44 years 8.9% (2,324) 1.8% (495) 7.0% (2,142) 26,740 
45–64 years 20.0% 

(3,543) 
9.6% (1,722) 9.5% (1,706) 17,927 

65+ years 26.7% 
(1,995) 

19.8% 
(1,385) 

9.8% (674) 7,712 

Men 11.1% 
(2,839) 

5.4% (1,281) 4.7% (1,268) 25,920 

Women 16.1% 
(5,335) 

7.0% (2,355) 10.7% 
(3,783) 

34,282 

High education 8.8% (2,828) 3.7% (1,144) 6.2% (2,276) 31,199 
Short education 19.1% 

(5,346) 
9.0% (2,492) 9.7% (2,725) 29,003 

High-HDI states 12.8% 
(1,551) 

7.1% (877) 7.8% (1,050) 12,225 

Low-Med.-HDI 
states 

14.3% 
(6,623) 

5.7% (2,759) 8.0% (4,001) 47,977 

Total 13.7% 
(8,174) 

6.2% (3,636) 7.9% (5,051) 60,202  
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prevalence of co-occurrence to 0.8% and 1.3% respectively. Which 
means that the clustering i.e. the increase in prevalence compared to co- 
occurrence by chance, is 0.4% and 0.5% respectively. The clustering is 
thus slightly higher among those with short education and in the high- 
HDI states (see Table 3). 

The question now is how much each of the four mechanisms (I-IV) 
contribute to the existing disparity in disability? Let us assume that we 
have a population where the two disorders occur with the observed 
prevalence rates across educational groups as shown in Table 3. In the 
first scenario we apply the disease prevalence from Table 3 and 
disability impact from Table 2. The estimated prevalence of disability 
among high educated will then be 100*(0.875×0.090 + 0.064×0.193 +
0.052×0.347 + 0.009×0.650) = 11.5% and with a similar calculation 
among short educated 18.1%. That gives an educational disparity of 6.6 
percentage units (see Table 4). If we then keep the same overall disease 
prevalence, but assume that there is no clustering and the co-occurrence 
only is by chance, as estimated above, there is only marginal change of 
the inequality of disability, and it is still 6.6. The same is true if we 
remove the interaction between diseases. It changes hardly anything. If 
we then take away the differential disability impact and assume that low 
educated has the same disability impact as well educated the inequality 
it reduces the inequality substantially to 1.0 percentage unit. 

4. Discussion 

Referring to the five questions mentioned above we find a clear social 
disparity in disability. It is partly due to educational disparities in the 
prevalence of both diabetes and depression, but also to a very unequal 

disability impact of in particular depression. There is a clear clustering 
and interaction between diabetes and depression which means that all 
three elements in the syndemic exist in the Brazilian adult population 
with a potential to influence the inequality in disability. By stepwise 
removing the three elements from the calculations it can be seen that 
most of inequality in disability is due to differential disability impact, 
while clustering and interaction hardly have any impact at all. That 
could be because the clustering and interaction is very weak in this 
population, but that is not the case compared to other findings (Scott 
et al., 2009; Leone et al., 2012). Applying the stronger interaction found 
in low-medium-HDI states does not change the conclusion. Other disease 
combinations or another context could of course yield different results. 
The population impact of the diabetes/depression syndemic is strongly 
limited by the fact that in spite of clustering the prevalence of having 
both disorders is only 0.91%. The clinical relevance is however signifi-
cant. While, according to PNS 2013, only 9% of the Brazilian population 
have the labor market disadvantage of both disability and short edu-
cation, this is true for 56% of patients with both diabetes and depression, 
and illustrates their need for rehabilitation. 

It is a limitation that we do not have data from more contrasting 
contextual environments. Brazilian states are large heterogenous pop-
ulations, but they are all characterized with huge socioeconomic in-
equalities. It might also be the explanation behind the unexpected 
finding that interaction is stronger among more privileged groups. That 
is not accordance with qualitative findings (Mendenhall et al., 2017). 
The fact that all variables are self- reported in this survey may entail a 
degree of misclassification that lead to an underestimation of the in-
teractions, in particular among low educated groups (Lundberg et al., 
1999). 

The simplified method by which we stepwise calculate the role 
played by the different mechanisms in generating inequality in disability 
is limited in its inability to estimate simultaneous effects and the rele-
vant statistics. 

It can be noted that the overall age/sex adjusted disparity in 
disability was estimated to 6.5 percentage units which includes the 
impact of many other disorders with social inequalities in their occur-
rence and disability impact – such as musculoskeletal disorders. The 
existing disease*education and disease*disease interactions, of which 
we have seen some here, however means that the sum of proportions of 
disability attributable to each disorder will sum up to more than 100%. 

Does the syndemic framework contribute to a better understanding 
of disparities in disability? Multimorbidity with both clustering and 
disease-disease interaction is highly relevant clinically and for popula-
tion health in general, but as mechanisms driving the size of socioeco-
nomic inequalities in disability it seems less important. 

5. Limitations 

The cross-sectional design of this study implies strong limitations for 
making any causal inference since there is no temporal order between 

Table 2 
Interaction: Estimated prevalence of disability (% with 95% CI)) across edu-
cation, diabetes and depression and their interactions with each other. Adjusted 
for age and sex. Brazil. PNS 2013.   

High education Short 
education 

Disability (total) 11.5 
(11.1;11.9) 

18.0 
(17.5;18.5) 

a. Diabetes 0; Depression 0 9.0 (8.6;9.4) 13.1 
(12.6;13.5) 

b. Diabetes +; Depression 0 19.3 
(16.6;22.0) 

27.1 
(25.1;29.1) 

c. Diabetes 0; Depression + 34.7 
(32.5;37.0) 

51.5 
(49.5;53.5) 

d. Diabetes +; Depression + 65.0 
(57.4;72;6) 

75.7 
(71.7;79.8) 

Interaction: diabetes*depression (d-a) - ((b-a) 
+ (c-a)) 

20.0 
(11.6;28.5) 

10.2 (5.3;15.2) 

Interaction diabetes*depression. High-HDI 
states 

9.1 
(− 3.2;21.4) 

9.8 (0.2;17.6) 

Interaction diabetes*depression. Low-Med.- 
HDI states 

33.8 
(22.9;44.6) 

10.0 (3.6;16.4) 

Interaction: diab.* short education. High-HDI states 4.3 (− 0.6;9.2) 
Interaction: diab.* short education. Low/Med.-HDI states 1.6 (− 3.1;6.3) 
Interaction: depr.* short education. High-HDI states 13.7 (9.0;18.4) 
Interaction: depr.* short education. Low-Med.-HDI states 12.9 (9.2;16.5)  

Table 3 
Clustering. Estimated prevalence rates (% with 95% CI) with and without 
diabetes and/or depression across levels of education and clustering between the 
two disorders. Adjusted for age and sex.   

High education Short education 

Diabetes 0; Depression 0 87.5 (87.1;88.0) 83.2 (82.7;83.6) 
Diabetes +; Depression 0 6.4 (6.1;6.7) 7.4 (7.1;7.7) 
Diabetes 0; Depression + 5.2 (4.9;5.5) 8.1 (7.8;8.5) 
Diabetes +; Depression + 0.9 (0.7;1.0) 1.3 (1.2;1.4) 
Clustering (all) 0.4 (0.3;0.5) 0.5 (0.4;0.6) 
Clustering in High HDI states 0.6 (0.4;0.9) 0.6 (0.3;0.8) 
Clustering in Low-Med.-HDI states 0.3 (0.2;0.5) 0.5 (0.4;0.7)  

Table 4 
Decomposition: Estimated educational inequality in disability (prevalence 
difference in percentage units). Given the observed educational inequality in 
prevalence of diabetes and depression, but with and without differential 
disability impact, clustering or interaction.   

Without differential 
disability impact 

With differential 
disability impact 

No clustering: No 
interaction 

1.01 6.63 

With clustering, No 
interaction 

1.01 6.63 

No clustering, with 
interaction 

1.00 6.62 

With clustering, with 
interaction 

0.97 6.59  
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exposures and outcome. All parameters are self-reported and there is 
made no distinction between type-1 and type 2 diabetes. A validity study 
on a subsample of the PNS-2013 where the self-reported diagnosis of 
diabetes is compared to HbA1c levels >6.5%, or use of diabetes medi-
cation indicates a slight underreporting of diabetes when self-reported, 
but it is unclear to what extent that underreporting is differential across 
social groups (Malta et al., 2019). 

The syndemics framework assumes a strong impact of social context. 
We have in this material only access to very crude and heterogenous 
indicators such as HDI-level of state and individual social position, here 
measured as education. Education strongly modifies the impact of dis-
ease on disability, but the levels of clustering and interaction varies only 
slightly between social positions and contexts. 

We have adjusted all estimates for age and sex. Race and health in-
surance status are also potential confounders but including them in the 
models does not change any estimates reported here. 
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