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Introduction

Health systems play a critically important role in improving
health. Well-functioning health systems enable achievement of
good health with efficient use of available resources. Effective
health systems also enable responsiveness to legitimate expect-
ations of citizens and fairness of financing. By helping produce
good health effectively, health systems also contribute to
economic growth (McKee et al. 2009).

Well-functioning health systems are critical in mounting
effective responses to emerging public health emergencies, and
addressing burden of disease, ill health and poverty due to
communicable (Coker ef al. 2004) and non-communicable
diseases and cancers (Farmer ef al. 2010; Samb ef al. 2010).

A number of factors influence ways in which health systems
achieve good health efficiently. These factors include the capacity
of both individuals and institutions within health systems,
continuity of stewardship, ability to seize opportunities, and
contextual characteristics such as path-dependency, socio-
cultural beliefs, economic set up, and history of the country
concerned (Balabanova et al. 2011). However, ‘linking good health
and successful health systems, in particular how health systems
might be distinguished from other determinants of health, or
ultimately how health systems are linked to good health, has
proved challenging” (Chen 2012). A further challenge relates to
understanding how innovations (such as new policies, new
knowledge and novel technologies) can be effectively introduced
in health systems and how these innovations interact with health
system variables to influence health outcomes.

Resource scarcity, coupled with global economic crisis, has
necessitated adoption of innovations in health systems to
sustain effective responses and improvements in health out-
comes. Yet, weak health systems hinder adoption and diffusion
of innovations. Evidence-informed guidance and policies are
needed to strengthen health systems and improve their recep-
tiveness to innovations. However, there is limited understand-
ing on how best to develop health system guidance and to
translate it to policy while accounting for the complexity of

health systems and varied contexts in which health systems are
embedded (Lavis ef al. 2012).

There is also limited wunderstanding of why many
well-intentioned policies and managerial decisions aimed at
improving health systems do not achieve desired outcomes, but
lead to unexpected or unintended consequences. One explan-
ation for this phenomenon is that too often the tools used for
analysing health systems and the heuristics used to generate
managerial decisions are too simplistic for health systems that
are complex. Inadequately considered interventions often upset
the equilibrium within complex systems to resist such inter-
ventions, leading to ‘policy resistance’.

This paper briefly discusses health systems and dynamic
complexity. It examines complex adaptive systems created
through the dynamic interaction of evolving contexts, health
systems and institutions within health systems. The paper
explores, through illustrative case studies, how adoption and
diffusion of innovations are influenced in complex adaptive
systems created through interaction between innovations,
institutions, health systems and contexts, using a framework
that helps unpack complexity, and enables systems thinking
when developing solutions to address factors that hinder or
enable adoption and diffusion of innovations in health systems.

Health systems, dynamic complexity
and systems thinking

Health systems are variously defined (Shakarishvili ef al. 2010).
At its core, a health system is a ‘means to an end’—a system
which ‘exists and evolves to serve societal needs’—with
‘components’ that ‘...can be utilized as policy instruments to
alter the outcomes’ (Hsiao 2003).

Health systems are open systems, with interlinked compo-
nents that interact within the context within which the health
system is situated (Atun ef al. 2006; Atun et al. 2007), thereby
forming a whole with properties beyond the component
parts (Checkland 1981). Interacting elements influence each
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other with positive (amplifying) or negative (balancing) feed-
back, collectively determining the system’s behaviour (Senge
1990).

Many interconnected and interdependent elements within
health systems and their contexts create extensive networks of
feedback loops with variable time lags between the cause and
effect of an action and non-linear relationships between system
elements, collectively creating a ‘dynamic complexity’. A system
response occurs as a result of the interactions among the
system’s elements rather than the result of a change in one
component. Understanding this interconnectedness and com-
plexity is the essence of systems thinking that views the system
as a whole rather than its individual component parts, taking
into account behaviour of systems over time rather than static
‘snapshots’ (Senge 1990), with ‘the ability to see the world as a
complex system’ (Sterman 2001). In systems, dynamic com-
plexity arises when the short and long term consequences of
the same action are dramatically different, when the conse-
quence of an action in one part of the system is completely
different from its consequences on another part of the system,
and when obviously well-intentioned actions lead to non-
obvious counter-intuitive results (Forrester 1961; Sterman
1989a; Sterman 1989b; Sterman 1994; Richardson 1995).

Decision-making in health systems is characterized by ‘detail
complexity’—reducing the amount of information used, sim-
plifying mental cause-effect maps and limiting themselves to a
number of static options when making decisions—instead of
approaches that enable consideration of dynamic complexity
characterized by networks of relations, feedback loops and
non-linearity (Sengupta and Abdelhamid 1993). The prevailing
reductionist and linear approach in health systems creates
‘bounded rationality’ (Simon 1982), failing to provide an
accurate representation of the real world by ignoring possible
wider impacts of policies and decisions. The limits to cognitive
and information processing capability of the human mind
means that often feedback structures, non-linearities in systems
and the time-delays between actions and consequences are
ignored. This leads to simplistic analyses of situations, with the
most important sources of the problem either missed or
overlooked, with ‘misperception of feedback’, so that even
when information is available, consequences of interactions
cannot rapidly and correctly be deduced—with the interven-
tions aimed at eliminating these problems leading to unfore-
seen consequences and policy resistance (Sterman 1994; Diehl
and Sterman 1995).

Systems thinking can help address the linear and reductionist
approaches which prevail in health systems, by enabling testing
of new ideas in social systems (Forrester 1961). In systems
thinking an organization and its respective environment (con-
text) is viewed as a complex whole of interrelated and
interdependent parts rather than separate entities (Cummings
1980). Systems thinking takes into account the structures,
patterns of interaction, events and organizational dynamics as
components of larger structures, helping to anticipate rather
than react to events, and to better prepare for emerging
challenges.

In practice, systems thinking means careful consideration of
possible consequences of policies and actions, generating
scenarios through group working and joint thinking: taking

into account the interactions between health system elements
and the context, and when possible combined with systems
dynamics modelling (Lane and Oliva 1998) to simulate system
behaviour under explicit assumptions (Sterman 1989a; Sterman
2001). System dynamics modelling can be used in health
systems for hypothesis testing and generation of scenarios, as
well as enhanced joint thinking, group learning and shared
understanding of problems (Wolstenholme 1993; Dangerfield
et al. 2001; Atun ef al. 2005a; Atun ef al. 2007a; Atun et al.
2007b; Lebcir et al. 2009; Lebcir et al. 2010).

Innovations in health systems and
systems thinking

Innovations in health systems refer to new medicines, diag-
nostics, health technologies, new ideas, practices, objects or
institutional arrangements perceived as novel by an individual
or a unit of adoption. Innovation is crucial for improving health
outcomes in high-income countries (Cutler 2001) as well as in
countries of low and middle income, and for achieving the
Millennium Development Goals (Howitt et al. 2012).

Contextual factors, health systems characteristics, institutions
within health systems, and the adopting entities within these
institutions collectively interact to influence the receptivity of
health systems to new innovations, as well as the speed and
scale of their adoption and diffusion (Atun ef al. 2010a; Atun
et al. 2010b). The perception of the problem which the
innovation is addressing, by the innovation, by the adopting
individuals, adoption systems and institutions, also influences
the adoption and diffusion of innovations (Figure 1). These
bidirectional interactions create complex adaptive systems and
dynamic complexity. Hence, approaches that foster systems
thinking are particularly useful when planning the introduction
of innovations into health systems to improve health outcomes,
efficiency and equity, or when analysing the reasons for rapid
or poor uptake of affordable innovations with proven benefits.
The model shown in Figure 1 when used in analysis of
adoption of innovations fosters systems thinking by considering
key components of a complex adaptive health system which
interact to influence innovation adoption.

Broad Context

Health System

Adoption

Innovation | +—> System

Problem

Broad Context

Figure 1 Framework for analysing adoption and diffusion of innov-
ations in health systems
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While many health innovations have been adopted and
successfully diffused in low- and middle-income countries to
save many lives, there are many instances where innovations of
varied complexity are poorly adopted. Often, the reasons for
slow adoption and diffusion of health innovations are less to do
with the perceived benefits of the innovation, but the way the
problem, which the innovation is designed to address, is
perceived by the individuals and the adoption system within
health institutions, the health system and the broad context.
For example, an estimated 40% of health care equipment in
low-income countries is out of service, compared with less than
1% in high-income countries (Perry et al. 2011). Oxygen
concentrators donated to Gambia could not be used due to
incompatibility of electricity voltage (Howitt ef al. 2012). Low
adoption and diffusion of innovations in low- and
middle-income countries are briefly discussed using the model
shown in Figure 1 with illustrative examples from HIV,
maternal and child health, malaria and tuberculosis.

Expansion of antiretroviral treatment (ART), a technological
innovation, in low- and middle-income countries is undoubt-
edly one of the greatest global public health achievements, with
millions of lives saved in the last decade (Resch 2011). Yet,
weak health systems, socio-cultural stigma and weak political
leadership meant by the end of 2010 ART coverage in
sub-Saharan Africa was only 49%, with only 14% of patients
with AIDS in the Democratic Republic of Congo receiving ART,
23% in Europe and Central Asia, and 10% in North Africa and
the Middle East (WHO 2011). In Russia, poor uptake of ART
and harm reduction interventions was due to: the perception of
the HIV/AIDS problem being a problem of injecting drug users
and sex workers (Tkatchenko et al. 2008), even though in
reality the at-risk populations share similar socio-economic and
educational characteristics with the general population (Wall
et al. 2011); socio-cultural incompatibility of the innovation
(harm reduction) to the individuals and institutions in the
adoption system and the broad context; varied interpretation
and application of policies within health systems (Atun et al.
2005b); and vertically designed health systems which hindered
appropriate care (Tkatchenko ef al. 2010).

Financing and highly effective innovative preventive medica-
tion are available during pregnancy to prevent mother to child
transmission (PMTCT) of HIV. Yet, in 2010 globally only 48% of
HIV-positive pregnant women received treatment to prevent
transmission of HIV to their child (25% in Central and Western
Africa, and 42% in Southern Africa), with the unacceptable
consequence that in 2010, almost 400000 children were born
with HIV—all readily preventable (WHO 2011). The reasons for
poor uptake of PMTCT, a highly cost-effective innovation,
ranged from weak health systems, to poor attention given to
the problem by health professionals, to low political commit-
ment (Tudor Car ef al. 2012). As with PMTCT, in the
68 high-burden countries for maternal and child deaths, most
of the cost-effective innovations available to address maternal,
perinatal and child health problems along the care continuum
are poorly adopted and scaled up, and with the exception
of immunization and Vitamin A supplementation have aver-
age coverage levels well below 50%, with uptake of artemisinin-
based combination treatments for malaria at 22%. The uptake
of innovations for the poorer segments of populations is

consistently far lower than that for the richer socio-economic
groups (Bhutta ef al. 2010).

As with ART, rapid scale up between 2005 and 2010 of the
distribution of long-lasting insecticidal nets (LLINs) to reach
universal coverage in most countries of Africa is undoubtedly a
great success. High coverage of LLINs in the most affected
malarial burden countries has prevented thousands of deaths in
children aged under 5 years (Akachi 2011). Yet, in the same
countries where the LLINs, a highly effective preventive
innovation, were rapidly taken up, the uptake of another
highly cost-effective and safe preventive innovation, intermit-
tent preventive treatment of pregnant women for malaria
(IPTp), languishes at an average uptake of 8% of eligible
women, far below the 80% global coverage target (Bhutta ef al.
2010). The reasons for poor uptake are attributed to women’'s
poor knowledge of this safe innovation (low awareness of the
adopting individuals) leading to late initiation, health system
weaknesses leading to insufficient stocks of the medication at
the health facilities when needed, restrictive guidelines on IPTp
delivery leading to confusion among the health workers in
health care facilities (within the adoption system) as to when
and how many doses of IPTp to administer, and low perform-
ance of health workers when delivering antenatal care (Gross
et al. 2011).

Global uptake of internationally recommended tuberculosis
treatment for drug-sensitive tuberculosis and the directly
observed treatment short course (DOTS) strategy, a complex
innovation with multiple elements, has steadily increased
between 1995 and 2009, with 49 million tuberculosis patients
treated globally, 41 million of them successfully (Glaziou ef al.
2011), with the exception of Russia and Ukraine where the
introduction of DOTS has been hindered by contextual, health
system and individual barriers within the adoption system
(Atun et al. 2005¢; Atun and Olynik 2008). Yet, the uptake of
very cost-effective innovations to prevent tuberculosis in
HIV-affected individuals is extremely low, with only 50000 of
the estimated 33.4 million people living with HIV offered
isoniazid preventive treatment (WHO 2012), such that in 2009
there were an estimated 0.38 million deaths among
HIV-positive individuals (Glaziou ef al. 2011)—deaths that are
mostly preventable. In sub-Saharan Africa, where the coverage
of tuberculosis care is the lowest globally, uptake of innovative
care delivery models which have helped expand coverage and
improve outcomes, such as public—private mix, have been
limited due to lack of political interest (Atun ef al. 2010; Lal
et al. 2011). Similarly, in sub-Saharan Africa and beyond,
contextual and health systems barriers have hindered adop-
tion and scale up of innovations to address the burgeoning
problem of multi-drug resistant tuberculosis in prisons (Lee
et al. 2012).

Conclusions

Lessons emerging from instances of low innovation adoption
suggest that when addressing health problems, reductionist and
linear approaches that provide technical solutions alone are not
adequate to mount effective responses, as the adoption and
diffusion of innovations which underpin responses to health
problems are influenced by complex health systems, the
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socio-political context within which the health systems are
embedded and the innovation adoption system.

Multiple interacting factors influence adoption of innovations,
ranging from new technologies, to mnovel service delivery
models and to health policies. Therefore, a broader and more
sophisticated analysis of the context, health system elements,
institutions, adoption systems, problem perception and the
innovation characteristics within these will enable better
understanding of the short- and long-term effects of an
innovation when introduced into health systems. A simplistic
situational analysis may result in barriers and enablers to
innovation adoption being overlooked, and risk unforeseen
consequences and policy resistance. One way to reduce this
policy resistance is to adopt systems thinking to look at all
interacting elements within the complex adaptive health
systems in a holistic manner to devise effective responses.

Combining technological innovations with other innovations
in health systems (such as innovative approaches to govern-
ance, financing, service delivery, awareness creation and
demand mobilization) enables effective adoption of innovations
in health systems.

Systems thinking can help understanding of the dynamic
complexity that characterizes complex adaptive systems. The
dynamic complexity which emerges from bidirectional inter-
action among innovations, entities adopting innovations, insti-
tutions, health systems, and the context in which health
systems are embedded will need to be understood to help
devise policies and tactics to enable effective adoption and
diffusion of innovations in health. While health systems as
adaptive systems are complex, their understanding informed by
systems thinking need not be complicated.

Funding

The publication of this supplement is supported by the Alliance
for Health Policy and Systems Research, World Health
Organization. The views expressed do not necessarily represent
the views, decisions or policies of the World Health
Organization.

Conflict of interest

None declared.

References

Akachi Y, Atun R. 2011. Effect of investment in malaria control on child
mortality in sub-Saharan Africa in 2002-2008. PLoS ONE 6(6).
Atun R, Olynik I. 2008. Resistance to implementing policy change: the
case of Ukraine. Bulletin of the World Health Organization 86: 147-54.

Atun RA, Lebcir R, Drobniewski F, Coker R. 2005a. Impact of an
effective multidrug resistant tuberculosis control programmes in
the setting of an immature HIV epidemic: system dynamics
simulation model. International Journal of STD and AIDS 16: 560-70.

Atun RA, McKee M, Drobniewski F, Coker R. 2005b. Analysis of how
health system context influences HIV control: case studies from the
Russian Federation. Bulletin of the World Health Organization 83:
730-8.

Atun RA, Samyshkin YA, Drobniewski F et al. 2005c. Barriers to
sustainable tuberculosis control in the Russian Federation health
system. Bulletin of the World Health Organization 83: 217-23.

Atun RA, Menabde N, Saluvere K, Jesse M, Habicht J. 2006. Implementing
complex health innovations—primary health care reforms in
Estonia: multimethod evaluation. Health Policy 79: 79-91.

Atun RA, Lebcir RM, Drobniewski F, McKee M., Coker RJ. 2007a. High
coverage with HAART is required to substantially reduce the
number of deaths from tuberculosis: system dynamics simulation
in the setting of explosive HIV epidemic and tuberculosis.
International Journal of STD and AIDS 18: 267-73.

Atun RA, Lebcir MR, McKee M, Habicht J, Coker RJ. 2007b. Impact of
joined-up HIV harm reduction and multidrug resistant tuberculosis
control programmes in Estonia: system dynamics simulation
model. Health Policy 81: 207-17.

Atun RA, Kyratsis I, Gurol I, Rados-Malicbegovic R, Jelic G. 2007c.
Diffusion of complex health innovations—implementation of
primary care reforms in Bosnia and Herzegovina: a qualitative
study. Health Policy and Planning 22: 28-39.

Atun R, de Jongh T, Secci F, Ohiri K, Adeyi O. 2010a. A systematic
review of the evidence on integration of targeted health interven-
tions into health systems. Health Policy and Planning 25: 1-14.

Atun R, de Jongh T, Secci F, Ohiri K, Adeyi O. 2010b. Integration of
targeted health interventions into health systems: a conceptual
framework for analysis. Health Policy and Planning 25: 104-11.

Atun R, Weil DE, Eang MT, Mwakuysa D. 2010c. Health-system
strengthening and tuberculosis control. The Lancet 375: 2169-78.

Balabanova D, McKee M, Mills A. 2011. Good Health at Low Cost 25 Years
On: What Makes a Successful health System?. London: London School
of Hygiene and Tropical Medicine.

Bhutta ZA, Chopra M, Axelson H ef al. 2010. Countdown to 2015 decade
report (2000-10): taking stock of maternal, newborn, and child
survival. The Lancet 375(9730):2032-44.

Checkland P. 1981. Systems Thinking, Systems Practice. Chichester: Wiley.

Checkland P, Scholes J. 1990. Soft Systems Methodology in Action.
Chichester: Wiley.

Chen LC. 2012. Good health at low cost: from slogan to wicked problem.
The Lancet 379: 509-10.

Coker RJ, Atun R, McKee M. 2004. Health care system frailties and
public health control of communicable diseases on the European
Union’s new eastern border. The Lancet 363: 1389-92.

Coker R, Atun RA, McKee M. 2008. Health Systems and Communicable Disease
Control. Maidenhead, UK: McGraw Hill, Open University Press.
Cummings TG. 1980. Systems Theory of Organizational Development. New

York: Wiley.

Cutler DM, McClellan M. 2001. Is technological change in medicine
worth it? Health Affairs (Millwood) 20: 11-29.

Dangerfield BC, Fong F, Roberts CA. 2001. Model based scenarios for
the epidemiology of HIV/AIDS: the consequences of highly anti-
retroviral therapy. System Dynamics Review 17: 119-50.

Diehl E, Sterman JD. 1995. Effects of feedback complexity on dynamic
decision making. Organizational Behavior and Human Decision Processes
62: 198-215.

Farmer P, Frenk J, Knaul F ef al. 2010. Expansion of cancer care and
control in countries of low and middle income. The Lancet 376:
1186-93.

Ford DN. 1999. A behavioural approach to feedback loop dominance
analysis. System Dynamics Review 15: 3-36.

Forrester JW. 1961. Industrial Dynamics. Cambridge, MA: The MIT Press.

Glaziou P, Floyd K, Korenromp EL ef al. 2011. Lives saved by
tuberculosis control and prospects for achieving the 2015 global

€T0Z ‘6 Afenuer uo AriqiTeIUeAlAsuuad Jo AiseAIUN e /Biosfeunolpioxo’ jodeay//:dny wody papeojumoq


http://heapol.oxfordjournals.org/

iv8 HEALTH POLICY AND PLANNING

target for reducing tuberculosis mortality. Bulletin of the World
Health Organization 89: 573-82.

Gross K, Alba S, Schellenberg J ef al. 2011. The combined effect of
determinants on coverage of intermittent preventive treatment of
malaria during pregnancy in the Kilombero Valley, Tanzania.
Malaria Journal 10: 140.

Howie SR, Hill SE, Peel D ef al. 2008. Beyond good intentions: lessons
on equipment donation from an African hospital. Bulletin of the
World Health Organization 86: 52—6.

Howitt P, Darzi A, Yang G-Z et al. 2012. Technologies for Global Health.
The Lancet 380: 507-35.

Hsiao WC. 2003. What Is A Health System? Why Should We Care?
Cambridge, MA: Harvard School of Public Health.

Lal SS, Uplekar M, Katz I et al. 2011. Global Fund financing of
public-private mix approaches for delivery of tuberculosis care.
Tropical Medicine & International Health 16: 685-92.

Lane DC, Oliva R. 1998. The greater whole: towards a synthesis of
system dynamics and soft system methodology. European Journal of
Operational Research 107: 214-35.

Lavis JN, Rettingen JA, Bosch-Capblanch X ef al. 2012. Guidance
for evidence-informed policies about health systems: linking
guidance development to policy development. PLoS Medicine 9:
€1001186.

Lebcir RM, Choudrie J, Atun RA, Coker RJ. 2009. Using a decision
support systems computer simulation model to examine HIV and
tuberculosis: the Russian Federation. International Journal of
Electronic Healthcare 5: 14-32.

Lebcir RM, Atun RA, Coker RJ. 2010. System dynamic simulation of
treatment policies to address colliding epidemics of tuberculosis,
drug resistant tuberculosis and injecting drug users driven HIV in
Russia. Journal of the Operational Research Society 61: 1238-48.

Lee D, Lal SS, Komatsu R, Zumla A, Atun R. 2012. Global Fund
financing of tuberculosis services delivery in prisons. Journal of
Infectious Diseases 205(suppl. 2):S274-83.

McKee M, Suhrcke M, Nolte E ef al. 2009. Health systems, health, and
wealth: a European perspective. The Lancet 373: 349-51.

Perry L, Malkin R. 2011. Effectiveness of medical equipment donations
to improve health systems: how much medical equipment is
broken in the developing world? Medical & Biological Engineering ¢
Computing 49: 719-22.

Richardson GP. 1995. Loop polarity, loop dominance and the concept of
dominant polarity. System Dynamics Review 11: 67-88.

Resch S, Korenromp E, Stover J ef al. 2011. Economic returns to
investment in AIDS treatment in low and middle income countries.
PLoS ONE 6: €25310.

Royston G, Dost A, Townshend JP, Turner H. 1999. Using System
Dynamics to help develop and implement policies and programmes
in health care in England. System Dynamics Review 15: 293-313.

Samb B, Desai N, Nishtar S ef al. 2010. Prevention and management
of chronic disease: a litmus test for health-systems strengthening
in low-income and middle-income countries. The Lancet 376:
1785-97.

Senge PM. 1990. The Fifth Discipline: The Art and Practice of the Learning
Organization. New York: Doubleday.

Sengupta K, Abdelhamid TK. 1993. Alternative conceptions of feedback
in dynamic decision environments: an experimental investigation.
Management Science 39: 411-28.

Sengupta K, Abdelhamid TK, Bosley M. 1999. Coping with
staffing delays in software project management: an experimental
investigation. IEEE Transactions on Systems, Man and Cybernetics 29:
77-91.

Shakarishvili G, Atun R, Berman P ef al. 2010. Converging health
systems frameworks: towards a concepts-to-actions roadmap for
health systems strengthening in low and middle income countries.
Global Health Governance 3: 1-17.

Simon HA. 1982. Models of Bounded Rationality. Cambridge, MA: The MIT
Press.

Sterman JD. 2000. Business Dynamics: Systems Thinking and Modeling for a
Complex World, McGraw Hill/Irwine, International Edition.

Sterman JD. 1989a. Misperceptions of feedback in dynamic decision
making. Organizational Behavior and Human Decision Processes 43:
301-35.

Sterman JD. 1989b. Modeling management behavior: misperception of
feedback in a dynamic decision making experiment. Management
Science 35: 321-39.

Sterman JD. 1994. Learning in and about complex systems. System
Dynamics Review 10: 291-30.

Sterman JD. 2001. Systems dynamic modelling: tools for learning in a
complex world. California Management Review 43: 8-25.

Tudor Car L, Van Velthoven MH, Brusamento S ef al. 2012. Integrating
prevention of mother-to-child HIV transmission programs to
improve uptake: a systematic review. PLoS ONE 7: €35268.

Tkatchenko-Schmidt E, Renton A, Gevorgyan R, Davydenko L, Atun R.
2008. Prevention of HIV among injecting drug users in Russia:
opportunities and barriers to scaling-up of harm reduction
programmes. Health Policy 85: 162-71.

Tkatchenko-Schmidt E, Atun R, Wall M et al. 2010. Why do health
systems matter? Exploring links between health systems and HIV
response: a case study from Russia. Health Policy and Planning 25:
283-91.

Wall M, Schmidt E, Sarang A, Atun R, Renton A. 2011. Sex, drugs and
economic behaviour in Russia: a study of socio-economic charac-
teristics of high risk populations. International Journal of Drug Policy
22: 133-9.

WHO. 1999. The World Health Report 1999: Making a Difference. Geneva:
World Health Organization. Online at: http:/www.who.int/whr/
1999/en/index.html, accessed 12 July 2012.

WHO, UNICEF, UNAIDS. 2011. Global HIV/AIDS Response: Epidemic update
and health sector progress towards universal access— progress report 2011.
Online at: http://www.who.int/hiv/pub/progress_report2011/hiv_
full report 2011.pdf, accessed 12 July 2012.

WHO. 2012. Preventive therapy and intensified case finding for TB in
people living with HIV. Geneva: World Health Organization. Online
at:  http://www.who.int/hiv/topics/tb/preventive_therapy/en/index.
html, accessed 16 July 2012.

Wolstenholme EF. 1993. A case study in community care using system
thinking. Journal of the Operational Research Society 44: 925-34.

€T0Z ‘6 Afenuer uo AriqiTeIUeAlAsuuad Jo AiseAIUN e /Biosfeunolpioxo’ jodeay//:dny wody papeojumoq


http://www.who.int/whr/1999/en/index.html
http://www.who.int/whr/1999/en/index.html
http://www.who.int/hiv/pub/progress_report2011/hiv_full_report_2011.pdf
http://www.who.int/hiv/pub/progress_report2011/hiv_full_report_2011.pdf
http://www.who.int/hiv/topics/tb/preventive_therapy/en/index.html
http://www.who.int/hiv/topics/tb/preventive_therapy/en/index.html
http://heapol.oxfordjournals.org/

