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Abstract
Aims: It is unclear how economic factors impact on the epidemiology of infectious
disease. We evaluated the relationship between incidence of selected infectious diseases and
economic factors including economic downturn in 13 European countries between 1970 and 2010.  Methods: Data were obtained from national communicable disease surveillance centres.
Negative binomial forms of Generalised Additive and Generalised Linear Models (GAM and
GLM) were tested to see which best reflected transmission dynamics of: diphtheria, pertussis, measles, meningococcal disease, hepatitis B, gonorrhoea, syphilis, hepatitis A and salmonella.
Economic indicators were gross domestic product per capita (GDPpc), unemployment rates,
and (economic) downturn.  Results: GAM models produced the best goodness of fit results. The relationship between GDPpc and disease incidence was often nonlinear. Strength and directions of association between population age, tertiary education levels, GDPpc and unemployment were disease dependent. Overdispersion for almost all diseases validated the assumption of a negative binomial relationship. Downturns were not independently linked to disease incidence.
Conclusions: Social and economic factors can be correlated with many infections. However, the trend is not always in the same direction and these associations are often non-linear.  Economic downturn or recessions as indicators of increased disease risk may be better replaced by GDPpc or unemployment measures.
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Background
Lessons from historical literature and research suggest that the impacts of an economic downturn can be far reaching [1]. These include: shifts in trends in health risk, such as immunisation levels and utilisation of health services; differential impact on vulnerable population groups; and shifts in demand for health services from private sector to public sector [2].
In high-income countries such as most of Europe, successes in infectious disease prevention and control have been high. However, 9% of the disease burden in Europe in Disability Adjusted Life Years (DALYs) is still attributable to infectious diseases [3]. The real-world impacts from financial crisis on infectious disease prevention and control in modern European conditions are unclear [4,5]. It is clear that austerity budgets often lead to reduced service provision. For instance, diminished screening, treatment and case management services were documented over the period 2008-2009 for American services in sexual health [6].  A 2009-2010 survey among European infectious disease experts and policy-makers also found considerable concern about budget cuts specifically in relation to infectious disease prevention services, in particular those programmes targeted at vulnerable subgroups such as drug abusers and sex workers [7].
There is much literature evaluating the relationships between health outcomes and economic status. Concerns that infection control measures would specifically be reduced because of austerity budgets have been voiced [4].  Generally, incidence of communicable diseases in high income countries seems to have fallen in the last decade [5,8]. but some increases in observed communicable diseases were observed following the 2007/08 financial crisis, notably for influenza, Chagas disease, West Nile virus, HIV and indigenous malaria [9,10, 11].  Evidence suggests that migrants and other vulnerable groups in Europe are disproportionately likely to catch infectious diseases under austerity regimes.  This link seems to arise due to reduction of benefits, less access to preventive medicine and rising unemployment which disproportionately affects low income groups [12].  However, most studies to review incidence of poor health linked to the financial crisis have tended to dwell on chronic diseases (including impacts on mental health) and overall mortality rates, rather than communicable diseases [5,8,13].  Limited research on changes in infectious diseases is partly due the paucity of observed and comparable data across countries and regions and differences in models and indicators used [5,14].
The analysis in this study seeks to improve understanding of the relationship between macroeconomic factors and infectious disease incidence through a quantitative assessment across 13 European countries. Such an understanding is valuable, as it would provide guidance on the future impact of macroeconomic downturns for the spread of infectious diseases. The ensuing appropriate and effective policy responses and strategies would not only mitigate potential negative health impact, but also maximise the efficiency of health systems during periods of macroeconomic downturn.

Methods
Epidemiological data  
We approached all national infectious diseases surveillance centres within the European Union for access to their infectious disease surveillance data from the years 1970 onwards. Some data were already available in the public domain, and some were generated specifically for the researchers.  In choosing which diseases to study we wanted to ensure that we had representative selections of vaccine preventable diseases, infections spread by sexual contact and also food-borne and person-to-person spread enteric infections.  In addition, we were only interested
in infections that were likely to be included in most national disease surveillance systems over most of the study period.  We excluded diseases based on these criteria:
• Diseases where widespread use of effective diagnostic methods was only recent or was slow to be adopted across Europe (such as Hepatitis C, Chlamydia, Cryptosporidiosis and Campylobacter).
• Notifiable diseases where the recent incidence in most countries was very low/non-existent (such as cholera).
• Infectious diseases where diagnosis is most often delayed (such as HIV).
• Diseases with substantial year on year variation because of pathogen specific factors (i.e. influenza).
• Tuberculosis because of long latency.

These decision criteria led to selection for detailed analysis of four vaccine preventable diseases (diphtheria, measles, pertussis and meningococcal infection), three sexually transmitted or blood-borne disease (gonorrhoea, syphilis and hepatitis B) and two food borne diseases (salmonella and hepatitis A). 

Economic data
We acquired data on unemployment, GDP per capita (measured in USD), tertiary education enrolment and demographic characteristics from the World Bank’s World Development Indicators [15]. Data were obtained for Finland, Germany, Hungary, Ireland, Italy, the Netherlands, Norway, Poland, Portugal, Spain, Romania, Sweden and the United Kingdom. 

Analytical approach
Our outcome variable was the disease total annual count of disease reports per country. Our principal macroeconomic predictor variables were unemployment and Gross Domestic Product per capita (GDPpc). We also incorporated a Boolean variable determined by whether or not GDP had declined over the previous year as a proxy for macroeconomic downturn. Hence, a “downturn” in the context of this study was defined as negative growth in GDPpc from one year to the next.  The Spearman rank correlation between GDPpc and downturn was low (0.21) suggesting lack of collinearity and that they could appropriately both be incorporated into the same model.  We also adjusted the models for the proportion of people who were enrolled in tertiary education (gross enrolment ratio from World Bank data).
We initially explored the effects of the most recent recession period (i.e. 2008–2010) upon the different disease reports. For comparative purposes, we also explored the effects of other economic downturn periods (1970–2010) using an Organisation of Economic Development (OECD) Composite Leading Indicators data set [16].  Boolean variables were created to indicate downturns on both the 2008–2010 and the 1970–2010 data sets.

Statistical model
The expected number of cases for each disease E(Yit) for country i = 1,. . . ,I at year t = 1,. . . ,T was modelled using a generalized additive model (GAM) approach to account for potential nonlinear associations between variables. GAMs are semi-parametric extensions of the widely used generalized linear model where the linear predictor is replaced by the sum of smooth functions of the covariates [17]. The optimal degree of non-linearity between the outcome and the predictors is estimated using Generalized Cross-Validation [18].  To account for possible over-dispersion in the data, we fitted Negative Binomial models. The general algebraical definition of the models is given by:

Log(μit) = ηit		(1)
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where ηit is a natural logarithmic link function of the expectation E(Yit ≡ μit), with Yit as the time series of annual disease reports. The term α corresponds to the intercept; Log(ξit) denotes the natural logarithm of the population at risk for country i and year t included as an offset to adjust the epidemiological data by population. Log(Yit −1), is the natural logarithm of the outcome disease counts lagged one year to account for potential auto-correlation in the data [19]. Here, t’ is an index variable of year to control for possible long-term trends. The term f(xit, l) corresponds to smoothed relationships between the socioeconomic predictors lagged zero to three years and disease incidence defined by cubic regression splines. Lagged socioeconomic variables were computed using a four-year moving average for the year variable to account for the lagged effects of the socioeconomic predictors on disease incidence. The demographic predictor term zit with regression coefficients β enter the model linearly. Country-specific fixed effects (di) were included to account for unknown or unobserved variables in the models [20].

Model selection

Some arguments were constant to all models. First, the logarithm of the population was incorporated as an offset to estimate relations on the crude incidence rate rather than on the total number of cases. Second, the logarithm of the outcome variable lagged one year was included in all models because epidemiological observations near in time are likely to be more similar than those distant in time [19].  Third, an index variable for the year of the observations was incorporated to control for potential long-term trends that may be due to factors other than socioeconomic development [21]. Finally, we incorporated country-specific fixed effects to account for unknown or unobserved variables in the model such as diagnostic performance variability, and interventions [20]. All models were fitted using the “mgcv” package for R [22].
A series of models were then fitted using all socioeconomic predictors (GDP per capita and unemployment and tertiary education) lagged 0:3 years, and all demographic predictors (population 15-65 years, and population over 65 years) in isolation, as well as in all their possible combinations. Thus, we successively fitted all possible models containing one socioeconomic or demographic predictor at a time, then two predictors at a time, and so on, until all predictors were included altogether in a single model. We measured the goodness of fit of each model using the Akaike information criterion (AIC) [23]. The model with the lowest AIC value was selected.

Comparative analyses
To ensure the robustness of our estimates, we compared the results of our Negative Binomial GAM against those obtained using a Negative Binomial generalised linear model (GLM). The model specification of these models was as in the GAM models except for the smooth predictors f(xit,l) that entered the model linearly instead.

Results
Overall, disease incidences had a downward trend from 1970 to 2010. Table I presents the summary statistics for each disease and economic variable. Table II indicates the level of missing data for each disease.  The panel data set contained country-specific observations for a 41 year period for a total of 513 country-year data points. The average sample per disease amounts to 296 country-year observations due to missing data.  Table II shows that a majority of countries supplied data for a majority of diseases in a majority of years.  Disease data were most complete (≥ 84% of possible data were available) for eastern European countries (Hungary, Poland, Romania), and least complete for Sweden, Germany and Finland (≤ 40% of all possible data were available).  



Table I: Summary statistics across all countries and years

	
Outcome
	Mean
	Median
	SD
	25th percentile
	75th percentile
	N
	Missing

	Diphtheria
	19.3
	0.0
	73.3
	0.0
	3.0
	331
	182

	Gonorrhoea
	6012.0
	981.0
	9993.7
	284.0
	8275.0
	305
	208

	Hepatitis A
	6956.0
	489.0
	15576.5
	166.0
	2416.0
	261
	252

	Hepatitis B
	2160.5
	387.5
	3709.3
	166.2
	2084.5
	256
	257

	Measles
	18185.0
	415.0
	41272.5
	28.0
	9024.0
	363
	150

	Meningococcal
	498.7
	233.0
	827.7
	96.5
	500.5
	303
	210

	Pertussis
	3482.0
	587.0
	7447.4
	107.0
	3092.0
	342
	171

	Salmonella
	17393.0
	6653.0
	27037.5
	2304.0
	23097.0
	239
	274

	Syphilis
	1566.0
	545.0
	2402.9
	190.0
	1822.0
	263
	250

	
	
	
	
	
	
	
	

	Predictor
	Mean
	Median
	SD
	25th percentile
	75th percentile
	N
	

	GDPpc
	21929.0
	21077.0
	8924.7
	15340.0
	27934.0
	438
	

	Unemployment
	8.5
	7.7
	4.5
	5.3
	10.5
	310
	

	Tertiary
	36.8
	31.5
	21.1
	18.9
	54.2
	453
	



Notes: Data from sources described in text. Units are, Diseases: counts per country. GDPpc: USD. Unemployment: %. Tertiary education: gross enrolment ratio.
26


Table II.  Completeness of disease surveillance: from how many of 13 countries were data procured for each year in period 1970-2010.  Dark green = 11-13 countries; light green = 8-10; yellow = 6-7; orange = 4-5; red = 1-3; purple = 0.
  

	

Disease/yr
	1970
	
	
	
	
	1975
	
	
	
	
	1980
	
	
	
	
	1985
	
	
	
	
	1990
	
	
	
	
	1995
	
	
	
	
	2000
	
	
	
	
	2005
	
	
	
	
	2010

	Diphtheria
	7
	7
	7
	7
	7
	8
	8
	7
	7
	7
	7
	7
	7
	7
	7
	7
	7
	7
	8
	8
	9
	9
	9
	10
	9
	10
	10
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	11
	12
	5
	3

	Gonorrhoea
	4
	4
	4
	4
	4
	5
	6
	5
	5
	5
	6
	6
	7
	7
	7
	7
	7
	7
	7
	7
	7
	8
	8
	9
	9
	11
	11
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12
	11
	4
	1

	Hep’ A
	2
	2
	2
	2
	2
	2
	2
	2
	2
	3
	3
	3
	4
	4
	4
	4
	4
	5
	6
	6
	7
	7
	7
	7
	7
	9
	10
	12
	13
	13
	13
	13
	13
	13
	12
	13
	13
	13
	12
	7
	3

	Hep’ B
	0
	0
	0
	0
	0
	1
	1
	1
	1
	3
	3
	3
	4
	4
	4
	4
	4
	5
	6
	6
	8
	8
	8
	8
	8
	10
	11
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	12
	7
	3

	Measles
	7
	7
	7
	7
	7
	8
	8
	8
	8
	8
	8
	8
	8
	7
	7
	7
	7
	7
	9
	9
	10
	10
	10
	10
	10
	11
	11
	12
	12
	12
	11
	13
	13
	13
	13
	12
	12
	13
	12
	7
	4

	Menn. Dis
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	6
	6
	6
	6
	6
	6
	7
	7
	8
	8
	8
	8
	9
	10
	10
	11
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12
	6
	3

	Pertussis
	6
	6
	6
	6
	6
	6
	6
	5
	5
	5
	5
	6
	7
	7
	7
	7
	7
	7
	8
	9
	10
	10
	10
	10
	10
	10
	11
	11
	12
	12
	12
	13
	13
	13
	13
	13
	13
	13
	13
	7
	4

	Salmonella
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	3
	4
	5
	5
	5
	5
	5
	5
	5
	6
	7
	7
	7
	8
	8
	9
	9
	10
	11
	11
	11
	10
	10
	11
	10
	11
	11
	11
	10
	6
	3

	Syphilis
	4
	4
	4
	4
	4
	4
	5
	4
	4
	4
	5
	5
	6
	6
	6
	5
	5
	5
	5
	5
	5
	6
	7
	7
	7
	8
	8
	9
	9
	10
	11
	12
	12
	12
	12
	12
	12
	12
	11
	5
	2





We tried 31 different model specifications for each disease in the data set.  The model specification with the lowest AIC estimate was selected. The selection based on the lowest AIC lead to different model parameters being used for each disease. Overall, generalised additive models (GAM) resulted in lower AIC values than generalised linear models. Table III presents the results for the final models selected for each disease. The values in bold font indicate that the estimate was significant at the 0.05 level. Note that much of the deviance is explained by the selected models (explained deviance range: 85%–99%). With the exception of the model for Diphtheria that suggests that data were under-dispersed (dispersion = 0.478), the dispersion statistic of all models was close to one suggesting that the Negative Binomial specification of the model was adequate to account for potential over-dispersion in the data.

Table III. Comparing the relative quality of generalised additive and generalised linear models. 
	Disease
	GAM AIC
	GLM AIC

	Diphtheria
	495.5
	494.9

	Gonorrhoea
	3233.0
	3262.8

	Hepatitis A
	3493.9
	3495.4

	Hepatitis B
	2295.6
	2294.7

	Measles
	2980.1
	2979.1

	Meningococcal
	2316.0
	2348.7

	Pertussis
	2823.4
	2827.5

	Salmonella
	2670.0
	2695.2

	Syphilis
	2855.1
	2879.3




The Boolean variable used here to specify the 2008 financial crisis had p-values > 0.05 for all diseases after accounting for the effects of autocorrelation, long-term trends, and the demographic and macroeconomic predictors in the model. Such observation suggests that the post 2008 downturn did not play an important role on the occurrence of the diseases under scope.  There is surveillance data sparsity after 2008 (see Table II) that may seem to affect those findings, but similar results were also obtained when accounted for all other downturn years (i.e. 1970, 1971, 1973, 1975, 1980–1982, 1986, 1990–1993, 1995, 1996, 1998, 2000–2003, and 2008–2010) based on the OECD data.
A positive relationship was observed in Table IV between the increasing access to tertiary education and the occurrence of gonorrhoea and syphilis suggesting that as access to tertiary education increases, so does the incidence of these two sexually transmitted diseases. Conversely, a negative relationship was observed between the increasing access to tertiary education and the occurrence of measles and salmonella suggesting a possible protective effect of education against these diseases.
The proportion of the population with 65 years of age or more showed a negative effect on disease occurrence in all models where it was included, at p ≤ 0.05, except for Hepatitis B (Table IV). Similarly, we estimate a negative relationship between the proportion of the population between 15 and 65 years of age and the occurrence of diphtheria, gonorrhoea and pertussis.  The estimated degrees of freedom (edf) of the smoothed macroeconomic predictors suggest that the relationship between GDPpc and disease occurrence is highly nonlinear (edf > 1) for all diseases except for gonorrhoea and meningococcal infection where we estimate a log-linear relationship (edf ≈ 1). The relationship between disease occurrence and unemployment was also highly nonlinear for Hepatitis A, Hepatitis B, Salmonella and Syphilis, and approximately log-linear for all the other diseases.

Table IV. GAM estimated relationships between disease incidence and each predictor incorporated in the final models

	Term
	Diptheria
	Gonorrhoea
	Hepatitis A
	HepatitisB
	Measles
	Men’l Disease
	Pertussis
	Salmonella
	Syphillis

	Log(Yit−1)
	-0.027
	0.748
	0.624
	0.697
	0.282
	0.742
	0.575
	0.512
	0.453

	Year
	0.526
	-0.030
	0.045
	-0.001
	0.024
	-0.008
	0.089
	-0.001
	0.010

	Downturn
	-0.656
	0.084
	0.083
	-0.045
	0.583
	-0.063
	-0.194
	-0.030
	0.019

	Tertiary
	-
	0.008
	>0.001
	0.002
	-0.089
	0.001
	0.006
	-0.012
	0.027

	Population 15-65 yrs
	-0.554
	-0.092
	-0.069
	0.049
	-0.202
	0.052
	-0.261
	-0.053
	-0.055

	Population
 Age 65+

	-2.287
	-0.096
	-0.434
	-0.175
	-0.315
	-
	-0.469
	-
	-

	Country fixed effects
	Included
	Included
	Included
	Included
	Included
	Included
	Included
	Included
	Included

	Smoothers (edf)

	GDPpc
	2.932
	1.001
	3.733
	7.210
	6.794
	1.001
	4.317
	5.836
	7.174

	Unemploy-ment
	1.000
	1.000
	2.436
	2.491
	1.006
	1.000
	1.002
	5.369
	4.615

	Model statistics

	Dispersion
	0.478
	1.099
	1.506
	1.296
	1.412
	1.202
	1.437
	1.098
	1.229

	Deviance
explained
	0.958
	0.975
	0.940
	0.974
	0.846
	0.967
	0.901
	0.990
	0.975



Notes: Values in bold font were significant at ≤ 0.05 level. edf = estimated degrees of freedom. The dashes indicate that the parameter was not included in the model.



Figure 1 depicts the functional form of the estimated effects of GDPpc and unemployment on disease occurrence. The X axis indicates the values of the macroeconomic predictors, and the Y axis the estimated response of the disease outcome variable in a logarithmic scale.  Diphtheria data are described in text but not shown in Figs. 1-2 due to a greater than two factor of two difference in average incidence compared to all the other diseases, as indicated by summary statistics in Table I.
It is important to note that the direction of the association varies between the different diseases. Overall, we estimate a protective effect (decline in disease) with rising GDPpc for diphtheria, hepatitis A, hepatitis B, meningococcal infection and syphilis. Conversely, a positive effect was estimated for gonorrhoea and measles. GDPpc showed a quadratic-like relationship with Salmonella with a gradual rise in log-incidence up to about USD 25,000 after which the rate of increase in incidence levels off and then decays at about USD 35,000. The relationship between GDPpc and syphilis is interesting as there is a marked decrease in log-incidence for values below USD 28,000 after which the effect flattens. The estimated effect of unemployment was positive for measles, pertussis, and salmonella and negative or ambiguous for the other diseases. Similar results were estimated for the two macroeconomic predictors when accounting for the effects of all downturn periods in the model.


[image: ][image: ]Figure 1: GAM-estimated smooth relationships between disease occurrence and (A) GDP per capita, and (B) unemployment. Diptheria not shown on from the figures due to scale incompatibility.
The direction of the GLM-estimated relationships between disease incidence, GDPpc and unemployment was similar for most GAMs and GLM models (results of GLM models shown in Figure 2). This was not the case, however, for the relationships between GDPpc, Hepatitis B, Salmonella and Syphilis.
When we compared the results obtained with our Negative Binomial GAM against those from the Negative Binomial GLM, we observed an increase in the dispersion parameter and a decrease in the explained deviance (Table V). The increase in the dispersion parameter suggests that some of the covariates in the Negative Binomial GAM may indeed have a nonlinear effect. Replacing the smoothed macroeconomic predictors with linear predictors resulted in relationships that were mainly not significant at the 0.05 level both for GDPpc and unemployment.

Table V. GLM estimated coefficients and model statistics

	

Term
	Diptheria
	Gonorrhoea
	Hepatitis A
	HepatitisB
	Measles
	Men’l Disease
	Pertussis
	Salmonella
	Syphillis

	Log(Yit−1)
	0.045
	0.749
	0.674
	0.785
	0.334
	0.743
	0.613
	0.771
	0.690

	Year
	0.608
	-0.030
	0.028
	-0.031
	0.056
	-0.009
	0.066
	0.011
	-0.018

	Downturn
	-1.122
	0.084
	0.108
	-0.076
	0.449
	-0.064
	-0.084
	-0.068
	0.046

	Tertiary-education
	-
	0.008
	-0.001
	-0.004
	-0.056
	0.001
	0.016
	-0.006
	0.006

	Population 15-65 yrs
	-0.520
	-0.092
	-0.033
	0.020
	-0.082
	0.052
	-0.150
	-0.001
	-0.102

	Population age 65+
	-2.089
	-0.096
	-0.310
	-0.023
	-0.311
	-
	-0.412
	-
	-

	Country fixed effects
	Included
	Included
	Included
	Included
	Included
	Included
	Included
	Included
	Included

	GDPpc
	-0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	Unemployment
	-0.184
	0.003
	-0.036
	-0.017
	-0.003
	-0.010
	0.045
	0.009
	-0.021

	Model statistics

	Dispersion
	0.559
	1.116
	1.590
	1.450
	1.831
	1.205
	1.486
	1.177
	1.305

	Deviance-explained
	0.931
	0.970
	0.900
	0.939
	0.778
	0.956
	0.880
	0.969
	0.948



Note: Values in bold font were significant at the 0.05 level. edf = estimated degrees of freedom.



[image: ] [image: ]

Figure 2: GLM-estimated smooth relationships between disease occurrence and (A) GDP per capita, and (B) unemployment. Diptheria not shown on from the figures due to scale incompatibility. 



Discussion
For this study we brought together one of the most comprehensive annualised datasets on infectious disease reporting across different European countries to date. We then used this dataset to model the impact of standard macroeconomic variables on disease incidence. We demonstrate that the relationships between these economic variables and disease incidence are highly non-linear.
If, as we suspect, non-linearity between economic variables and outcome variables is common and consistent, then using linear models to predict changes in incidence of public health problems [24-27] may be inappropriate, as it will likely under-estimate the impact of macroeconomic drivers on disease incidence.
Our discussion focuses on the superior GAM models (Figure 1), which analysis found strong but non-linear relationships between the incidence of many of the infectious diseases and economic variables. We found that generally, rising per capita GDP had a protective effects against diphtheria, hepatitis A and B and meningcoccal disease. In contrast, rising unemployment (an indicator of economic slowdown or decline) also had a protective effect against most diseases, except gonorrhoea, measles pertussis and salmonella.  While it is interesting to speculate on the mechanisms underlying the associations between disease incidence and economic variables identified in this study, it is important to remark that any suggestions for such mechanisms do not themselves come out of the data and cannot be confirmed or refuted from the available data. It should also be remembered that the non-linear relationship between many of the infectious diseases and economic variables means that a change in an economic variable, either within the same country over time or between countries will depend on the starting value.
Economic theory suggests that unemployment and GDP should have opposite relationships with the same indicators (because unemployment falls as GDP rises, see Okun’s Law [28]). However, collinearity means that it is reasonable to view GDP as the primary predictor in these models; and thus where the relationship between disease incidence and unemployment runs counter to intuition, this may reflect collinearity with GDP in the same model, rather than an underlying distinct economic relationship. Therefore the below discussion will focus on possible explanations for the apparent relationship between GDP (only) and disease incidence.
The generally negative relationship between proportion of persons age 65+ and disease incidence suggests prior exposure; that immunity was conferred earlier in life.  An increase in gonorrhoea with rising GDP may reflect increasingly relaxed social attitudes about sexual activity, accompanied by widespread subclinical and hence untreated infection.  Increased incidence of sexual activities and consequential sexually transmitted disease has been linked to higher rates of tertiary education [29, 30] .These observations may seem to contradict the fall of cases of syphilis (fell with rising GDP in our dataset). However, the clinical course of syphilis is very different from gonorrhoea.  Syphilis is noted for multiple phases of symptoms, sometimes including long dormant periods followed by quite severe health problems. This contrasts with gonorrhoea which may never cause symptoms at any stage of infection.  
The fluctuating relationships (rises and falls) of some diseases (hepatitis B,
meningoccocal) with GDP probably reflects multiple unconsidered factors, such as different immunisation programmes in different countries for these diseases.  Hepatitis A, whose main risk factor is sanitation and hygiene practices [31], shows a marked decline with increasing GDPpc.  As the disease has been more common in poorer regions such as Eastern and Central Europe [32], the improvement in sanitation associated with increased GDP in these regions could likely be a factor in the reduction of the disease. There was a marked decline in hepatitis A incidence in Hungary, Poland and Romania (data not shown).  While the incidence of vaccine preventable infections generally shows a negative association with increasing GDPpc, measles is a striking exception. Increasingly large outbreaks of the disease continue to occur in Europe, as a result sub-optimal vaccination uptake [33-36].  Higher rates of measles in our data probably links indirectly to less tertiary education for both socially marginalised groups and religious minorities, who may also be less likely to pursue tertiary education.  For instance, Roma and Travellers often lack both formal education and consistent access to vaccination programmes [37].  Some other specific religious and philosophical minorities who have been especially affected in European measles outbreaks are known to prefer to not vaccinate [37,38] and may also be less likely to pursue tertiary education than their socioeconomic counterparts in the general population [39-41].

Limitations
Because our data were annual, our definition of economic downturn was year on year decline in GDP, rather than identify recessions (two consecutive quarters of declining GDP [42]).  This reliance on annual changes in GDP prevented us from detecting within-year relationships in the variables. Also, although our study presents what is perhaps the most comprehensive dataset of notifiable infectious diseases across a number of European countries, this dataset was not complete for all countries for all years. This may have masked the full extent of relationships between macroeconomic factors and infectious diseases. Earlier years (before 1990) were the most incomplete, and the completeness of data also varied by disease and country.  In the period 1990-2008, at least 8 countries contributed data for a majority of diseases. There were 12 downturn years in this period (in 1990-1993, 1995, 1996, 1998, 2000-2003 & 2008 (compared to 10 downturn years outside of 1990-2008).  This means that the period with high data completeness should have dominated best model forms and specifications and apparent relationships between disease incidence and economic downturns.  
Differences in the sensitivity of surveillance between countries are accounted for in the panel structure of our analyses, but the methodology cannot account for potential temporal changes in sensitivity of surveillance within countries. The models do not account for full age distribution of each country’s population (and therefore inherent variable susceptibility) or cultural behaviour variations. Our modelling strategy was narrow; we did not consider other modelling approaches, such as segmented regression which can also overcome some of the shortcomings associated with using simple linear regression to describe the possible relationship between disease incidence and economic indicators [43-45].
One issue that deserves further comment is the inclusion of lagged log incidence in order to control for autocorrelation in disease incidence within country.  Using lagged variables in Generalised Least Squares or Ordinary Least Squares can “squash” the apparent effect of other predictor variables [46]. Achen showed that this could be artefactual and due to a combination of high serial correlation and heavy trending in the exogenous variables [46]. However, as pointed out more recently, the use of lagged dependent variables is often appropriate for dynamic models [47]. Given that most models of infectious disease epidemiology are highly dynamic the inclusion of a lagged dependent variable is appropriate. Furthermore, all of the evidence against the use of lagged variables is based on linear regression models and may not apply to the GAM used here.

Conclusions
The prevailing macroeconomic climate and its impact on disease outcomes remains an important concern. Evidence on both the nature and the likely outcomes of these relationships is key to decision-making. Here we have reported on the relationships between macroeconomic factors and infectious disease outcome across 13 European countries and over a period of 41 years (1970–2010 inclusive). Our application of Generalised Additive Models gave a valid and best fit. A key finding from this study are highly non-linear relationships between macroeconomic indicators and infectious disease incidence. Future researchers looking at epidemiological patterns related to economic conditions should test for non-linear relationships.  We found limited evidence of the effect of downturns on infectious disease independent of any effect of GDPpc, but other macroeconomic factors may be important drivers of the disease trends observed.
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