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Introduction

As originally theorised, three concepts underlie the notion of a syndemic: disease 

concentration, disease interaction, and the large-scale social forces that give rise to them.1, 2 

The concept of disease concentration holds that two or more epidemics co-occur in 

particular temporal or geographical contexts due to harmful social conditions. This aspect of 

the theory of syndemics is not necessarily what makes its contribution distinctive. For 

example, anthropologists have long called attention to the manner in which large-scale 

political, economic, and cultural forces have given rise to clustered epidemics of various 

infectious diseases, most prominently HIV and tuberculosis3–5; and the theory of 

fundamental causes highlights the roles of these forces in driving concentrated health 

disadvantage.6–8 Rather, what makes the theory notable are its predictions about how 

interactions between epidemics amplify disease burden and about how public health 

planners can (or cannot) effectively intervene to mitigate this burden. Although the theory of 
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syndemics is principally a theory about population health, the past two decades’ worth of 

quantitative literature motivated by the theory has generally focused on studying individuals, 

rather than populations -- and consequently has had very little to say about population 

health. Our aim in this Viewpoint is to critically review the literature on syndemics and to 

introduce key concepts for measuring their impacts on population health.

Measuring syndemics

The concept of disease interaction in the theory of syndemics holds that co-occurring 

epidemics interact at the level of populations and individuals, with mutually enhancing 

deleterious consequences for health. Compared with the other tenets of the theory, the 

concept of disease interaction has received less empirical support in the literature, perhaps 

owing to its complexity. At times, its framing language has focused specifically on 

interaction (or synergism): the disease burden attributable to health risks in combination 

exceeds the sum of the disease burden of the health risks when considered separately.9 The 

most highly cited précis of the theory of syndemics10 describes numerous exemplars that 

draw exclusively on the language of interaction, e.g., the risk of hepatocellular carcinoma is 

greater among persons with chronic hepatitis C virus infection who also consume alcohol 

(compared with persons who either have hepatitis or consume alcohol, and compared with 

persons who neither have hepatitis nor consume alcohol). Other statements of the theory 

have instead adopted the language of mutual causality (or bidirectionality). The canonical 

elaboration of the unhappy triad of substance abuse, violence, and HIV,1 for example, 

focuses on the ways in which substance abuse increases the risk of violence and HIV 

acquisition, violent victimisation increases the risk of HIV acquisition and begets further 

substance abuse, and persons with HIV are often subjected to violence specifically because 

of their seropositivity.

These two different models of co-occurring epidemics are represented, without reference to 

the social forces conditioning exposure, in the Figure. Notably, these two models imply 

different treatment or prevention strategies -- but the conceptual distinctions between the two 

have largely been blurred. In the field of HIV treatment and prevention, appeals to the theory 

of syndemics are near-universally used to justify calls for complex, integrated and/or multi-

component interventions targeting all of the co-occurring epidemics in concert.11–13 

Operario and Nemoto, 11 for example, have argued that “Multicomponent interventions are 

necessary to mitigate the HIV syndemic dynamics in transgender communities… In order 

for multiple services to form a meaningful bundle, they must be complementary, synergistic 

in their health benefit, cost-effective, and accepted by target audiences” (p.S92).

Two significant observations can be made about such recommendations.

First, the empirical foundation underlying enthusiasm for multi-component interventions is 

limited. Since its original conceptualization, the theory of syndemics has received scant 

empirical support either for its concept of disease interaction or for the model of mutually 

causal epidemics. Rather, the overwhelming majority of studies14 have employed an 

empirical specification similar to that which has predominated in the literature on childhood 

adversity, i.e., a sum score of exposures.15–18 While helpful, in some instances, for 
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understanding the health effects of cumulative adversities, the sum score sheds light on the 

co-dynamics of neither interaction nor mutual causality.19 Studies in the literature published 

more recently have largely adopted a similar approach (Panel).

Panel

Systematic review of empirical tests of the disease interaction concept

In a pair of recently published critiques of quantitative studies on syndemics, Tsai and 

colleagues14, 19 highlighted the problematic ways in which the literature has deviated 

from its theoretical underpinnings. First, Tsai and Burns 14 systematically reviewed the 

literature and showed that most studies claiming to test the disease interaction concept 

actually use an empirical specification (i.e., the “syndemic count variable,” or a sum 

score corresponding to the total number of psychosocial problems) that sheds light on 

neither syndemic synergy nor mutual causality; viz., the models depicted in the Figure. 

Tsai and Venkataramani 19 then explored the implicit assumptions embedded in the sum 

score approach, highlighting the consequential ways in which programme implementers 

and public health policymakers might be led astray in their efforts to counter the large-

scale forces leading to concentrated health disadvantage.

Systematic review

Here we update the systematic review to include new studies that have appeared in the 

literature since its publication. Our systematic evidence search was conducted on July 2, 

2016 with the aim of identifying empirical studies testing the disease interaction concept 

in the theory of syndemics. Interested readers are referred elsewhere for a full description 

of the methods.14 In brief, the search “syndemic [all fields] OR syndemics [all fields]” 

was applied to PubMed, with retrieval restricted to articles published on or after January 

1, 2015. The search “allintitle:syndemic OR syndemics” was also applied to Google 

Scholar, with a similar date restriction, to identify additional publications not indexed in 

PubMed. Of 87 records returned in the PubMed search, 23 met criteria for inclusion; of 

119 records returned in the Google Scholar search, after excluding duplicates an 

additional 4 conference presentations, 2 journal articles, and 1 doctoral dissertation met 

criteria for inclusion. These 31 newly identified studies were combined with the 40 

studies identified in the original systematic review, and their summary characteristics are 

shown in the Table.

All of the included studies were based on data collected at the individual level (71 

[100%]). The most frequently used specification to test the disease interaction concept 

was the sum score (57 [80%]). Compared to studies that used other specifications (e.g., a 

product term in a multiplicative model), the studies that employed the sum score 

approach were much more likely to characterise their findings as demonstrating that 

psychosocial problems had “additive associations” with the outcomes of interest (28/57 

[49%] vs. 1/14 [7%]; χ2=8·20, P=0·004). Although no formal tests of interaction were 

used, these studies were also much more likely to adopt language about “synergy” or 

“interaction”: 20/57 (35%) of these studies employed such language, compared to 0/14 

(0%) of the others (χ2=6·84, P=0·009).
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In terms of any observed changes in the literature before and after the publication of the 

review by Tsai and Burns, 14 minor differences were noted. First, the proportion of 

studies based solely on data collected in the U.S. has declined (32/40 [80%] vs. 21/31 

[68%]; χ2=1·39, P=0·24). Second, the percentage of studies describing “additive 

associations” has also declined (20/40 [50%] vs. 9/31 [29%]; χ2=3·18, P=0·08). The 

Web Appendix Table provides more detail on the 31 newly identified studies.

Interpretation

Most quantitative studies that aim to test the disease interaction concept in the theory of 

syndemics have adopted an empirical specification that sheds light on neither syndemic 

interactions nor mutually causal epidemics. None have been based on ecological, 

multilevel, or experimental/quasi-experimental study designs. These findings illustrate 

important methodological gaps in the literature. Since the publication of the systematic 

review, there have been minimal signs of progress: although the estimated associations 

are not statistically significant, the quantitative literature on syndemics is diversifying -- 

incorporating data on vulnerable populations and those living in resource-limited settings 

outside of the U.S. -- while simultaneously becoming more accurate in its representations 

and increasingly discarding the uninformative19 language of “additive associations.” 

Future studies should incorporate data from multiple levels of analysis, which will 

provide additional opportunities to understand how epidemics interact both at the level of 

populations and at the level of individuals, and to understand how syndemics evolve 

across space and time. In doing so, they will generate evidence to support appropriate 

interventions to improve the health and psychosocial wellbeing of vulnerable populations 

worldwide.

Second, the conceptual foundation underlying the bias against single-component 

interventions does not necessarily follow from a close reading of the theory of syndemics. It 

is true that, in the setting of mutually causal epidemics, single-component intervention 

strategies targeting a single epidemic would likely be ineffective, because the other 

epidemics ignored by the intervention would continue to exert their reciprocal, driving 

forces on the epidemic of focus. On the other hand, if a syndemic is characterised by 

synergistically interacting epidemics that are not mutually causal, then there may be 

opportunities to implement efficient single-component interventions that could potentially 

have a greater impact on the HIV epidemic than would otherwise be expected if no synergy 

were present (Web Appendix Panel). The preventive impact of the single-component 

intervention would likely be less than the impact of the multi-component intervention, but 

implementing the single-component intervention may nonetheless be a prudent decision if 

resources are limited and if there is some uncertainty about the effectiveness of the multi-

component intervention.

Most striking is the inconsistency between the calls for multi-component interventions and 

the statistical models used to support such recommendations. Tsai and Venkataramani 19 

showed, for example, that one of the most commonly employed specifications in the 

literature essentially encodes an assumption that epidemics A and B have null main effects 

and exert a joint effect on the HIV epidemic only when both A and B are present. Response 
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patterns of this type might be considered a special case of the syndemic model in the left 

panel of the Figure and are often referred to as a “sufficient cause interaction.”20, 21 We are 

unaware of any such examples in the literature on syndemics. Moreover, the presence of 

sufficient cause interaction does not militate for a multi-component intervention targeting 

both epidemics A and B for effective HIV prevention. Rather it suggests the opposite: that a 

single-component intervention targeting either epidemic A or B would suffice (because if 

either exposure were to be eliminated then the outcome could not occur). Yet researchers 

and programme implementers drawing on the theory of syndemics rarely, if ever, advocate 

for single-component interventions; rather, calls for multi-component interventions are 

typically the norm.11–13

While there may be few examples of sufficient cause interactions in the literature on 

syndemics, less rare are scenarios in which there are multiple sufficient risk factors for 

disease. Enteric pathogens, for example, have multiple sufficient pathways to diarrhoea that 

may overlap and interact at multiple levels of analysis.22–25 Under such conditions, multi-

component intervention strategies targeting all of the pathways in concert are necessary for 

effective diarrhoeal disease control.26 But the force of this programmatic recommendation is 

not contingent upon an appeal to syndemic synergy.

Syndemics and the “individualistic fallacy”

The theory of syndemics -- and, specifically, its concept of disease interaction -- involves 

multiple levels of analysis.10 For example, Singer 27 notes: “Recently, in our efforts to 

further delineate the concept of syndemic [sic], we have drawn attention to the fact that 

disease interaction occurs at both the population and individual levels” (p.39). By 

implication, data from multiple levels of analysis should be mobilised in order to gain 

purchase on validating the theory. The field, however, has largely focused on investigating 

how individual-level outcomes can be explained by individual-level covariates.14 The 

omission of population-level studies is significant -- representative of the “individualistic 

fallacy”28, 29 -- because it has led the field away from investigating the distal syndemic 

causes that, if eliminated, hold even greater potential for efficient prevention strategies.

To take a specific example: power imbalances within relationships30, 31 and men’s beliefs 

about gender roles32 are thought to be risk factors for cases of violence against women. 

These risk factors might be most likely to elevate the risk of violence in settings where 

women are structurally disadvantaged, either by law or by tradition, relative to men in terms 

of land ownership and access to other factors of production,33 or in settings where violence 

against women is normative.34, 35 And when these adverse structural conditions are 

mitigated through economic36 or legislative37, 38 changes, the individual-level risk factors 

might matter less or (in the extreme, e.g. in settings of perfect gender equality) might cease 

to matter entirely.

To invoke Geoffrey Rose,39, 40 even though the individual-level risk factors are generally 

accepted as more proximate causes (e.g., of violence against women) and therefore more 

amenable to causal attribution, the field can achieve more efficient population-level 

prevention of the disease burden wrought by syndemics if attention is shifted toward 
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eliminating the large-scale social forces that condition the distributions of individual-level 

risk factors or expedite their interaction and translation into diseased states. In the literature 

on syndemics, large-scale social forces like mass incarceration,41, 42 gender-inequitable 

norms,43 the home foreclosure epidemic,44 and racial segregation45 may be discussed but 

have largely gone un-modeled.

The individualistic fallacy therefore leads the field to miss critical opportunities to 

understand how epidemics interact both at the level of populations and at the level of 

individuals. Given the explicitly multilevel emphasis of the theory of syndemics,10, 27 

multilevel models could provide a needed bridge between ecological study designs and 

cohort/case-control/cross-sectional study designs to show how epidemics (e.g., 

violence46–48) and large-scale social forces (e.g., foreclosure and neighborhood degradation,
44, 49 or lack of economic opportunity50–54) interact at both the population and individual 

levels to worsen the burden of disease. Studies that ignore interactions with ecological 

influences to focus exclusively on how individual-level risk factors interact to affect disease 

outcomes within relatively homogeneous populations may erroneously conclude that 

interactions between individual-level risk factors are the principal determinants of disease.

Conclusion

The theory of syndemics is a notable conceptual instrument in population health science that 

has the potential to help policymakers and programme implementers in their endeavours to 

improve the health of populations. As theorised, syndemics are a complex, multilevel 

phenomenon. There remain important opportunities to investigate how epidemics interact 

both at the level of populations and at the level of individuals. The field will need to move 

forward beyond the first generation of studies to mobilise evidence to support appropriate 

interventions to improve the health and psychosocial wellbeing of vulnerable populations 

worldwide.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. Models of epidemics co-occurring with HIV involving syndemic synergy (left) and 
mutual causality (right)
In the syndemic model in the left panel, the two epidemics are not mutually causal but 

demonstrate synergy: epidemic A has a greater impact on the HIV epidemic in the presence 

of epidemic B, epidemic B has a greater impact on the HIV epidemic in the presence of 

epidemic A, and the combined effect of epidemics A and B on the HIV epidemic exceeds 

the sum of their independent effects were no synergy present. In the model of mutual 

causality in the right panel, the two epidemics do not demonstrate synergy but have 

reciprocal relationships with each other: epidemic A exacerbates epidemic B, which in turn 

worsens epidemic A, and both epidemics have similar bidirectional relationships with the 

HIV epidemic.
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