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Alcoholconsumptionis a major risk factor for global burden of disease and injGfgoDl) Infectious
disease play an important role in this relationship. Alcohol consumption, in a dosesponse
manner, but especially hegnvdrinking and alcohol use disorders, increases the risk of contracting TB
and pneumonia, as well as the progression of TB and HIV. Further, heavy drinking or alcohol use
disorders may impair the use of preventive services for infectious diseasds tregment
compliance and as wellmay create risk to others by those already affected. The relationship
between alcohol and the risk of infectious diseases can be confounded by poverty, social exclusion,
and social mixing patterns, including frequenting spedrinking establishments.

Globally, alcohehttributable infectious diseases make UB.5% of the detrimental impact of alcohol
consumption on global mortality and 10.1% of its effect on GBoDIl. While alatthbutable
infectious disease burdeim absolute termsis larger for merthan women, theproportion of the
alcoholimpact is fairly similaby genderimortality: infectious diseasamake upl4.1%of the overall
detrimental effectfor men, and 10.5%for women; GBoD10.2% of the overall detrimenkaffect for

men, 9.5% for women). The impact of alcohol consumption on burden of disease and injury is largest
in low income countries with relatively high consumption in Saharan Africa or South America, where
on average 30% of all the alcofadtributable burden is due to infectious diseases. In some
countries, such as South Africa or Nigeria, infectious diseases makboup 50% of the overall
alcoholattributable disease burden.

In general, even though for low to middle income countries, the highereconomic development,

the higher the adult per capita consumption, alcolattributable mortality and mortality per litre of

pure alcohol per capita are highest in countries with the lowest incomes. Part of this relationship can

be explained by the cltering of infectious disease in poor crowded regions, often characterized by
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Proven coskffective alcohol policy interventions should be initiated and implemented with priority

in low to middle income countries. The implementation of such interventions will reduce the
incidence and progression of alcohielated infectious diseases as well as improving economic and
social developmentFocus should be on bringing illicit marketslar effective government control,
managing the price of alcohol and regulating the availability of alcohol in urban environnBauotts.
general interventions with the aim to reduce consumption and in particular heavy consumption, and
joined up interventims such as the implementation of brief interventions and other alcohol
treatment options integrated within the treatment system for infectious diseases should be included
as part of an integrated alcohol policy package to minimize harm.

In many countriesthere will be a need to build public health infrastructures for alcohol policy,

including political will and the development of a national alcohol action plan that deals with the
AaadzsSa 2F a20Alf RS@St2LIYSyld |-goRmuhidalileikeadeDa NEBE S
Development agencies and philanthropic foundations should provide technical support and aid

capacity building to develop, implement, and assess aleotwtrol policies and joined up work



between communicable diseases and actions ontait; supported by stronger international
governance for alcohol control.
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ALCOHOL ASRISK FACTOR FOR HBUS DISEASE

Alcohol is a major risk factdor the global burden of disease and injuf@BoDl) Various estimates
based on the respectiveGBoDlupdates indicated a major impact of alcohol consumption on
mortality and burden of diseasgl-3]. In the only comparative analygswith more than 20 other risk
factors, the net global burden attributable to alcohol was estimated to be roughly equivalent to the
burden of tobaccemoking [4].

Infectious diseases were not included as part of any of the above analysesnidttiwell be seen as
astonishing, as Bfmin Rush as early as 1785] observeda causal impact of heavy spirits
consumption on infectious diseases such taBerculcsis (TB and pneumonia. The association
between alcohol and these disease categories had been well confirmed in many studies thereafter
[3;6] as well as for HIV/AIDS as another important infectious diseatm®me [7-9]. But there were
doubts about the causality of the relationship between alcohol consumption and these outcomes
(e.g.,[10]), and these explain the omission of infectious diseases from previous GBoDI analyses.

Tofurther explore the relationshig technical meeting was organized by tBeuth African Medical
Research Qmcil and cesponsored by théNorld Health OrganizatignCDC and UNAIGS Cape

Town in July 200&pecificallyto review evidence about a potential causal impact of alcohol
consumption orHuman Immunodeficiency Virus/Acquired Immune Deficiency SyndrétiéAIDS)

and TB. After reviewing the evidence from epidemiology, social sciences and immunology, the
meeting concluded that there was sufficient evidence detablishinga causal impact of alcohol on

TB incidence [11]. Using the same criteria, the relationship between alcohol consumption and
pneumonia waslsoanalysed, with the conclusiondhthere was sufficienevidence for concluding

there isa causal relationshipetweenalcohol consumptiorand incidence of this disease category.

We summarize the main underlying pathways based on the literature bieldwo boxes

Furthermore it was concluded that there isfitient evidence for alcohol worsening the disease
course for both TB and HIV/AI[AY]. The following main reags were given:

i There are strong and consistent associations between alcohol consumption and worse
disease outcomes (death, #efection) for both TB and HIV/AIO$B: [12;13] HIV/AIDS:
[14;15]

1 There are welkstablished pathways to explain these associations saeti@ver probability
of treatment adlerence including lower adherence to medications schedul&s[16;17]HNV:
[18] and weakeing of the immune system (see boxes below).

1 The relationships persist if we control for confounders, such as tobacco smoking for TB or
pneumonia [6]



1 For all of the above mechanisms there are dosgponse relationshigpclearly indicating thia

more problematic alcohol consumption and abuse (including but not limited to dependence)

are linked to worse couesin the progressiomnf diseaseTB: [13;19], HIV: [18;20;21]

BOX 1: PATHWAYS FRAMCOHOL TO TB

Chronic heavy alcohol consumption is linked to the development of active tuberculosis (T&ral

ways both by social and biological pathways. While abouttbind of the people in the world are

infected with M. tuberculosig22], ninety percent of these individuals will never develop the clin
disease[23]. Chronic heavy alcohol users or people with alcohol dependence have a higher
acquiring the disease.

Social pathwayin general, the health impact of chronic alcohol consumption is higher in lower-s
economic stata [24-28]. In turn, TB is more incident and prevalent in poorer areas, and an
poorer householdg29]. Heavy alcohol use and especially dependence can lead to social exc
and downwad social mobility. Poverty and the associated living conditions such as crowdin
malnutrition facilitate infection and rénfection with TB. Studies have shown that heavy drink
emerges as a significant independent risk factor for incidence -orfeetion of TB, even if other ris
factors are controlled for [6;8;9;30] Heavy drinking thus can be seen as a causal pathwal
infection or reinfection with M. tuberculosis. The subsequent development of TB then is linke
al K2t Qa NBftS Ay 6SI1SyAy3a GKS AYYdzyS aeais
Biological pathwaysare represented by impairment of both arms tife immune system, innate an
acquired, resulting in increased susceptibility to EBmmore severe clinical course and high
probability of readtvation [31-35].

Greater than 90% of inhaledM. tuberculosisbacteria are normally destroyed by alveo
macrophages [36-39]. In vivoand in vitro studies have demonstrated that alcohol significan
hinders antimycobacteriadefences by suppressing mobilization, adherence, phagocytosis,
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superoxide production of alveolar macrophag6-39]. If alveolar macrophages are not able to kill

M. tuberculosis the bacteria multiply within macrophages, and tubercles form in the luif4@].

Another furction of alveolar macrophages presenting microbial antigen to lymphocytesis also
inhibited by ethanol[41].

In addition, alcohol has been shown to reduce macrophagearse to immunesystem modifiers
(e.g., cytokines, including interleuki(IL-6), ll-mi X -h ¢=b Q- -§) R42;43] Moreover, acute and

chronic alcohol exposure may suppress the cagaoit monocytes to produce cytokines which

directly inhibit bacterial growth and play a critical role in cellular communication, activd
proliferation, and migration, as well as regulating inflammation and healing mechafsst]

Finally, alcohol may adversely affect antiggaecific Tcell activation so that the Th2 populatig
(humoral immunity) dominates theThl population (celnediated immunity, responsible fq

tion,

n
r

overcoming TB infection). This shift disturbs a balance between the two basic types of immune
system, compromising the immurdefenceand increasing susceptibility to TB as a result of alcohol

exposue [36-39;45]

Other sequelae of heavy drinking such as liver damage, nutritional deficiency, or hygienic fact
also responsible for the impaired immunity associated with alcohol depend{8®:84;46;47]

In summary there is adequate evidence for social and biological pathwagtseimmpact of heavy
alcohol consumption on the occurrence of new TB cases.

ors are



BOX 2: BIOLOGICALTPAWAYS FOR THE IMPATF ALCOHOL CONSUMMN ON
INCIDENCE OF PNEUMAN

The pathways for TB and communitgquired pneumonia are quite similar. Thus, we willyawelfer
to the biological pathways for pneumonia here: alcohol consumption affects respiratory and immune
systems in several ways, making heavy drinkers susceptible to pulmonary bacterial infections.
Impairment of mechanical defence mechanisnms/olves dinmished oropharyngeal toneesulting
in increased risk of aspiration and decreased bronchoalveolar lavage due to suppression of coughing
and decreased cilia motilitj48;49].
Detrimental immunological effect®f ethanol include combined deterioration of innate and acquired
immunity. Deterioration of innate immunity presents witbecreased production of bactericidal
substances suclas lysozyme, complemenetc. [50;51]} decreased phagocytic and antigen
presenting activities of alveolar macrophage86-39;41;52] decreased recruitment of
polymorphonuclear leukocytes (PMNJue to suppression of chemoattractants production and
impaired response of PMN tchemotactic signalsas well as impairment of functional activity pf
PMNs [43;44;50;5355]; Inhibition of bone marrow granulopoietic function due to suppression of
granulopoietic cytokine production by infected tissues and impeamt of the granulopoietig
progenitor cell response to the cytokine stimulati¢b6;57]

Deterioration of acquird immunity includes development of lymphopenia, suppression | of
lymphoblast transformation and blunted lymphocyte proliferative responses to specific antibodies
[28;50] and adiminished number of CD4+-lffimphocytes anda reduction intheir capacity to
produce IFN, and impaired ability to develop specifantibodies following new antigen challenges
[36-39;45]
Also heavy drinking often causes liver damage, nutritional deficiency, or results in poor personal
hygiene, which is also responsible ftvetimpaired immunity associated with alcohol dependence
[33;34;46;47]
In summary multiple detrimental effects of heavy drinking cause profound suppression of |host
defensive mechanissand result in increased susceptibility to development of pneumonia.




THE HEALTH BURDENADEOHOL, GLOBALLYOAN THE DEVELOPIW®GRLD

Having established abol, in particular heavy consumption and alcohol dependensea risk factor
for infectious disease, we started to quantify this relatiofhe kasis wa the GBD 2004 updatfb8]
and a recent publication ihancetwhich summarized the contributory causal role of alcohol for
disease categoriesther than infectious disease8]; for general technical details s§69;60]

The specific assumptions forodellingthe impact of alcohol on infectious disease were as follows:

1 For TB, the conservative relative risk (RR) of 298% CI: 1.89.59] was assumed based on
the metaanalysis ol.onnroth and colleague$6] for all consumption above a threshold of
40g pure alcohol consumption per day

1 For pneumonia we conducted a preliminary metaalysis of our own and found a
continuousdoseresponse relationship witlRRs of 1.10 @0g/day), 1.27 (50g/day) and 1.43
(75g/day) for men and 1.05 (10g/day), 1.15 (30g/day), 1.30 (55g/day) for womaiem
comparison to abstention

1 For both TB and pneumonia the alcoladiributable fractions were calculated using the usual
formula for catgorical variables[61;62]

1 For HIV/AIDS we could not use the mataalyses on alcohol and incidence of HIV, as we had
found no sufficient evidence for a causal relationship. However, we modelled the impact of
alcohol on antiretroviral medication adherenceased on the latest comprehensive meta
analysis of Hendershot and colleagugs8], and the subsequent consequences on mortality
[20]. TheRR estimate of neadherence on mortality in a Canadian sampkes3.13 [95% CI.
1.955.05]; [21]; the RR for < .8®adheence in a South African sample wa23[95% CI:
2.37-4.39). Aconservative RR of 3.0 was assumkedver than both RRs from tke two
studies Annex 2 of the 2008 UNAIDS report on the global AIDS epidemiaseds basis to
determine the people in each country in antiretroviral therapy as a proportion of all people in
need of such therapie§63].

THE MORTALITY BURDEINRIBUTABLE TO AHOQ

Table 1 provides an overview of the impact of alcohol consumption on deaths.



Table 1: Deaths (in 1,008 attributable to alcohol by sex and disease category (2004)

. WORLD
Disease Category
M W T %M %W %T
Tuberculosis 238 16 254 10.0% 3.3% 8.9%
HIV/AIDS 27 21 48 1.1% 4.2% 1.7%
Lower respiratory Infections 69 14 84 2.9% 2.9% 2.9%
Maternal and perihatanditions
(low birth weight) 2 1 3 0.1% 0.3% 0.1%
Cancer 377 111 487 159% 22.3% 17.0%
Diabetes mellitus 0 0 0 0.0% 0.1% 0.0%
Neuropsychiatric disorders 109 25 135 4.6% 5.1% 4.7%
Cardiovascular diseases 466 80 545 19.6% 16.1% 19.0%
Cirrhosis ofdHiver 297 76 373 125% 15.3% 13.0%
Unintentional injuries 556 110 666 23.4% 222% 23.2%
Intentional injuries 232 40 272 9.8% 8.0% 9.5%
Total 'detrimental effects' attributabl
to alcohol 2,373 495 2,868 100.0% 100.0% 100.0%
Diabetes mellitus -8 -4 -12 8.3% 3.2% 5.4%
Cardiovascular diseases -88 -128 -215 91.7% 96.8% 94.6%
Total 'beneficial effects' attributable
alcohol -96 -132 -227 100.0% 100.0% 100.0%
All alcohofattributable net deaths 2,278 363 2,641
All deaths 31,063 27,674 58,738
Percentage of all net deaths
attributable to alcohol 7.3% 1.3% 4.5%

For comparisamalcoholattributable
deaths without infectious diseaggk 6.3% 1.1% 3.8%
M1 menW-women

* numbers are rounded to the nearest thousand. Zero (0) indicates fewer ta#nib0@lzleatesdths in the disease
category

The global mortality burden of infectious disease (overall 13.5% of the detrimental impact of alcohol)
is compaable with the mortality burden of liver cirrhosis3D%), and ranks right behind the three
categories where alcohol consumption impacts the most: unintentional injuries (23.2%),
cardiovascular disease (19.0%) and cancer (17.0%). For cardiovasculderslitbere is also a
marked beneficial effect of light to moderate drinking, so taking intoconsideration, the net effect

of alcohol oninfectious diseasenortality is only surpassed hitg effect onunintentional injuries and
cancer.

Most of the effet of alcohol on infectious disease occurs in low to middle income countries (see
below for details). Within the infectious disease category, there is a clear gender split: men are more
impacted via TB, where women have the largest impact via HMadbeaence.
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Figure 1 provides a global overview of alceatttibutable mortality by country, showing the
proportion of alcoholattributable deaths in all deaths for 2004.

Figure 1 Alcoholattributable deaths as proportion of all deaths in ¥2004)

Alcohol-attributable deaths

B 050%-2.00%
B 2.00% - 4.00%
[ ] 400%-6.00%
Il 5.00%-9.00%
B 9.00% - 15.00%

THEBURDEN OF DISEASIBDANJURIES ATTRIBBILE TO ALCOHOL

Figure 2 provides a similar global overview on alcaltivibutable GBoDI.

Figure2: Alcohotattributable burden of diseaseand injury as proportion of allGBoDin %
(2004)
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