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Abstract

Background Although the literature on effects of armed conflict on population health is extensive,
detailed assessments of effects on public health ‘systems’ are few. This article aims to help address
this deficit through the medium of a case study on Yemen, describing health system and health
outcome performance prior to the internationalisation of the conflict there in March 2015, before
assessing the impact of war on health system functionality since that time.

Method Review of peer- and non-peer reviewed literature from 2005 to 2016 from academic sour-
ces, multilateral organizations, donors and governmental and non-governmental organizations,
augmented by secondary data analysis.

Results Despite significant health system weaknesses and structural vulnerabilities pre-conflict,
there were important improvements in selected health outcome measures in Yemen up to early
2015 (life expectancy, and infant and maternal mortality, e.g.), partly driven by a fragile health sec-
tor that was heavily reliant on out-of-pocket expenditure, and hampered by weak service penetra-
tion especially in rural areas. High intensity conflict has resulted in rising mortality and injury rates
since March 2015, the first decline in life expectancy and increase in child and maternal mortality in
Yemen for some years, and worsening levels of malnutrition. Service delivery has become increas-
ingly challenging in the context of a funding crisis, destruction of health facilities, widespread
shortages of essential medicines and equipment across the country, and governance
fragmentation.

Conclusion Conflict in Yemen has resulted in humanitarian disaster on a wide scale in a short
period of time, and crippled an already weak health system. Important areas of uncertainty remain,
however, including the scale of health worker flight, and the extent to which alternative providers
have stepped in to fill widening service gaps as the conflict has unfolded. Planning for longer-term
health system reconstruction should begin as soon as possible.
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Key Messages

The public health impacts of conflict are well-recognized but effects on health system functionality have received less at-
tention because of challenges to data collection in unstable environments and a focus on immediate health needs. This
article seeks to help address this shortfall through a case study analysis of the unfolding conflict in Yemen since March
2015.

Despite significant health system weaknesses and structural vulnerabilities pre-conflict, there were important improve-
ments in selected health outcome measures in Yemen to early 2015.

High intensity conflict has led to a marked deterioration in health system functionality over a short period, resulting
from a combination of direct and indirect damage to health facilities, weakening governance and oversight, funding
shortfalls and worsening access to preventive and curative care. There is emerging evidence of a reduction in life ex-
pectancy and rising child and maternal mortality in Yemen.

Health information gathering remains extremely challenging however, and important areas of uncertainty include the
scale of health worker flight, and the extent to which alternative providers have stepped in to deliver widening service

gaps as the conflict has unfolded. Planning for reconstruction should begin now.

Introduction

Around 1.2 billion people live in fragile and conflict-affected states
(FCAS) worldwide (OECD 2015). Although the public health and
human security effects of armed conflict are well-recognized
(Murray et al. 2002; Igbal 2006; Haar and Rubenstein 2012;
Leaning and Guha-Sapir 2013), little is known about the ways in
which conflict attenuates established health system activities, or
mechanisms for health system adaptation and resilience in the face
of chronic instability and insecurity (Woodward et al. 2016). This is
partly because of challenges to conducting robust systems research
in dynamic and unstable environments where reliable data may be
in short supply, and because of an understandable focus among
actors on the ground on prioritizing immediate population health
needs (Alliance for Health Policy and Systems Research 2008). The
shortage of health systems analysis work during and immediately
after conflict means that—despite significant interest among policy-
makers—the evidence base to inform health sector rehabilitation
and reconstruction work remains small (Newbrander et al. 2011;
Rubenstein 2011).

These challenges are amplified in the context of Yemen, a coun-
try, which has historically received very little attention in the health
literature. Prior to the internationalization of the conflict there in
March 2015, Yemen was a low-income country with significant pol-
itical, economic, structural and health sector vulnerabilities, includ-
ing widespread food insecurity, energy and water supply shortages.
Situated in the southern corner of the Arabian Peninsula, some 50%
of Yemen’s population of around 26 million in early 2015 lived
below the poverty line, with a GDP per capita of US$1408 (World
Bank 2015) and a Human Development Index rank of 160 (UNDP
2015). The health system, in turn, could best be described as fragile
and was heavily reliant on private, out-of-pocket financing. Despite
these vulnerabilities, important strides were made against key health
indicators including the Millennium Development Goals up to the
beginning of 2015, including increased life expectancy, reduced in-
fant-, under-5 child- and maternal mortality.

Since March 20135, historical health gains have been put at risk
by a conflict of rapidly broadening scope and intensity in which
there has been persistent disregard for civilian life and preservation
of essential services by warring parties. Overall, 20 of Yemen’s 22
Governorates' have been affected with civilians bearing the brunt of
the violence. The scale of the resulting humanitarian emergency now
places Yemen on a par with Syria in regional terms: an early 2016
regional overview from the United Nations Office for the

Coordination of Humanitarian Affairs (UN OCHA) found that
Yemen was home to 37% of all those classified as in humanitarian
need regionally (21.2 million or 82% of the Yemeni population).
Some 54% of the population lack access to health care, second re-
gionally only to Syria (UN OCHA 2016a).

The purpose of the analysis presented in this article is several-
fold. First, we assess health system performance in Yemen prior to
the internationalization of the conflict, to construct a ‘baseline’ for
analysis. Second, we describe the impact of the conflict on the health
sector in Yemen to date, drawing on a variety of literature sources.
Although a multitude of agency reports and local assessments have
been produced, no comprehensive overview of the state of the health
system in Yemen—set against the baseline situation before the inter-
nationalization of the conflict—yet exists. This article seeks to ad-
dress that deficit, and in so doing, inform both near-term health
system support activities, and longer-term reconstruction efforts
when the conflict eventually subsides.

Methodology

Literature review approach
This literature review is based on a comprehensive data search com-
prising a combination of peer and non-peer reviewed literature
searches, and secondary data analysis from authoritative sources.
Literature searches incorporated peer-reviewed, academic articles
published in English and Arabic between 1 January 2005 and 25
December 2016, identified through keyword database searches
(PudMed and Medline, WHO databases), and non-peer reviewed
papers and reports from a range of relevant sources including multi-
lateral bodies, major international aid donors and organizations ei-
ther delivering large vertical programmes in Yemen, or with long-
standing health sector programming activities in-country. Literature
searches were carried out initially between 4 and 15 January 2016,
with a revised set of searches conducted between 12 and 16
September 2016, and again between 20 and 25 December. A list of
keywords used to structure these searches is provided in Box 1
below. A formal systematic review approach was not considered ap-
propriate for this analysis because of the rapidity with which cir-
cumstances on the ground have changed over the past year—
necessitating a broad approach to evidence inclusion and synthesis,
and we did not conduct formal critical appraisal of sources used.

A ‘before and after’ study approach is used in this analysis, tak-
ing March 2015 as the threshold in time between ‘before’ and “after’
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Box 1. Search terms and inclusion criteria

conflict
AND Yemen OR Republic of Yemen OR Yemeni
Inclusion criteria

¢ Published in English or Arabic
* Article or report fully accessible to the authors

Exclusion criteria
¢ Journal correspondence or editorial articles

Search terms (not necessarily MeSH terms given application to organizational publication lists)
health; health system; health policy; governance; health care worker; health workforce; health financing; maternal health;
child health; infectious disease; communicable disease; chronic disease; non-communicable disease; NCD; malnutrition;

* Peer reviewed journal articles and non-peer reviewed grey literature reports

* Published between 1 January 2005 and 25 December 2016

with respect to the conflict in Yemen. Although there was localized
fighting in Yemen before this cut-off point, the escalation in its scale,
scope and intensity from March 2015 marked a fundamental shift in
the dynamic of the conflict.

Conceptual framework for the review

The research literature on health systems is large and a multitude of
frameworks exist for health system analysis in different contexts
(e.g. Shakaraishvili et al. 2010; Berman and Bitran 2011; Van
Olmen et al. 2012), or addressing specific aspects of health system
functionality (e.g. Barbazza and Tello 2014), though few explicitly
considering conflict and post-conflict settings. The conceptual
framework employed in this review draws on work by De Savigny
and Adam (2009) in developing the WHQO’s basic ‘Building Blocks’
approach to health systems analysis, providing greater recognition
to interconnections between the building blocks of a functioning
health system than the original WHO framework, and—crucially—
recognizing the central importance of people (as citizens, civil soci-
ety organizations and networks of interested parties) in influencing
health system activities. This framework was used to guide the way
in which results were reported below, by providing a series of health
system domains against which to evaluate health performance in
Yemen both before and during the conflict. These domains are out-
lined in Figure 1 below.

Results

In the following section, results from the literature review are pre-
sented thematically according to the building blocks identified in
Figure 1, starting with a baseline analysis prior to the internationa-
lization of the conflict in Yemen in March 20135. This is followed by
a summary of available data on health system effects of the conflict,
and health outcomes since March 2015.

Health system development in Yemen to March 2015
Leadership and governance

Health care is guaranteed by the state as a right to all citizens under
the Yemeni constitution. Historically, the Ministry of Public Health
and Population (MoPHP) was responsible for delivery of health care
and overall health system governance. However, the MoPHP
assumed a more supervisory role after the Yemeni parliament
adopted a local administration law in 2000 giving the 22
Governorates in the country the autonomy to manage some services
on a local level (UN DPADM 2004). Accordingly, the Governorate

health offices (GHOs) became the body responsible for health at
Governorate level. Health care in Yemen prior to the conflict was
therefore governed at three levels: centrally by the MoPHP, at gover-
norate level by the GHOs, and locally by District Health Offices.
Centrally the MoPHP’s governance remit extended across four sec-
tors: primary health care, population health, curative care and plan-
ning and development.

Governance assessments for what was a very heterogeneous
health sector in Yemen prior to the conflict, suggest both governance
weaknesses, and that corruption was a significant problem down to
facility level, especially with respect to costs and procurement of
consumables (USAID 2006; World Bank 2010). Global governance
assessments persistently ranked Yemen near the bottom among 168
countries measured on public sector corruption (Transparency
International 2015). There were also governance shortfalls in im-
portant domains—mental health and psychosocial support services,
e.g. Weak policy commitment was evident in the fact that although
national mental health plans did exist, they had been unchanged
since the early 1980s and there was no formal legislation governing
mental health in Yemen (Okasha et al. 2012).

Health financing

An examination of financing for health in Yemen prior to the con-
flict reveals a fragmented system heavily reliant on private, out-of-
pocket spending. Public expenditure on health as a proportion of
GDP hovered at around 4% in the years leading up to the conflict.
However, there was a gradual shift over the 2000s in the balance of
expenditure from different sources: the proportion of total expend-
iture on health contributed by the state fell to around 23% in 2014
from 54% in 2000, while private, out-of-pocket expenditure con-
tributed over 75% of total expenditure on health by 2014 (WHO
2016a) compared with 43% in 2000. As elsewhere, most out-of-
pocket contributions in Yemen before the conflict were in the form
of flat-rate user charges for inpatient and outpatient services, and
while small-scale employment-based or informal health financing
schemes did emerge during the 2000s these were limited in scope
(Holst and Gericke 2012). Rising treatment fees combined with high
transport costs for patients (especially from rural areas), created sig-
nificant access barriers (Anderson de Cuevas et al. 2014). Changes
in the balance of expenditure on health in Yemen between public
and private sources in the run-up to the conflict were exacerbated by
a precipitous decline in external resources for health to <50% of
levels for 2012 (Table 1), probably due to a combination of ongoing
unrest, instability and insecurity that was witnessed following the
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Figure 1. The WHO's health system building blocks framework as visualized by de Savigny [source: adapted from de Savigny (2009)]

Table 1. Expenditure on health in Yemen by source, 2005-16 compared with the WHO Eastern Mediterranean Region (EMR) and World

Bank lower middle-income country comparators

Domain Yemen WHO EMR? average World Bank lower-middle-income group®
2005 2014 2005 2014 2005 2014

Total expenditure on health as percentage of GDP (%) 4.58 5.64 3.90 4.80 4.20 4.50

General Government expenditure on health as 33.86 22.56 51.20 56.80 33.20 36.20
percentage of total expenditure on health (%)

Out-of-pocket expenditure on health as percentage 64.78 76.42 41.55 35.09 59.21 55.86
of total health expenditure (%)

General Government expenditure on health as 4.79  3.93 7.30 7.90 6.10 6.70
percentage of total Government expenditure (%)

External resources for health as percentage of expenditure (%)  2.03  6.38 0.90 1.20 3.10 3.30

Source: WHO (2016a).
“EMR, Eastern Mediterranean Region.

"World Bank lower middle-income group countries are defined as those with a Gross National Income (GNI) per capita of between $1026 and $4035 (at

Purchasing Power Parity) in 2017; the last recorded GNI per capita for Yemen—on which this classification is based—was $3660 for the year 2013, i.e. prior to

the outbreak of fighting.

‘Arab Spring’ uprisings, and the gradual withdrawal of international
donors as a result.

Service delivery and quality of care
Health services in Yemen before the start of the conflict were
organized at primary, secondary and tertiary health care levels with
a small number of specialized centres in urban areas. Yemen’s dis-
trict health system (across 334 districts) was complemented by verti-
cal programmes that focused on the prevention and control of
diseases nationwide, with technical and financial support from inter-
national organizations and donors including WHO, the Global
Alliance for Vaccines and Immunizations and the Food and
Agriculture Organization (FAO). These included the expanded pro-
gramme on immunization, national roll-back malaria programme
and nutrition programmes. Besides MoPHP-run centres, curative
health services were also provided by third parties such as the
Military, Police and Aden Refinery. Importantly, there was a signifi-
cant presence for unregulated private sector curative care providers
in urban areas (Aulaqi 2014) with low levels of public satisfaction
with services (WHO EMRO 2014).

Service delivery was characterized by significant inequalities in
availability and access between urban and rural areas, partly reflected
in weak indicator performance for access to reproductive health

services and immunization compared with regional neighbours (Table
2). Challenges to service provision particularly in rural areas included
sporadic access to essential medicines, shortages of equipment—not-
ably for emergency obstetric care, where some facilities lacked basic
newborn resuscitation equipment in studies conducted in the years be-
fore 2015 (Al Serouri et al. 2009)—and lack of access to basic utilities
including electricity especially in rural areas. For patients, distance to
facilities was a significant problem; 59% of women surveyed in two
studies in 2013 cited this as a barrier to accessing reproductive care
(Bawazir et al. 2013; Republic of Yemen 2013). Although there has
been an essential service package for Yemen—focused on maternal
and child health—since 2004, the extent to which this was imple-
mented in the pre-conflict period is uncertain (Wright 2015). Finally,
although the literature on quality of care in Yemen is sparse, available
evidence suggests that curative care services were of generally poor
quality (Anbori et al. 2010; Webair et al. 2015)—particularly with re-
spect to patient perceptions of care—and were neither readily avail-
able nor accessible across the country, especially in rural areas
(Bawazir et al. 2013; Republic of Yemen 2013).

Medicines and medical technologies
Issues in delivery and quality of care may have been partly attributable
to long-standing problems of medicines supply, regulation and quality
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Table 2. Selection of key health outcome indicators for Yemen from 2005 to 2014; a column listing relevant figures across the WHO EMR is

provided for comparison

Domain Indicator

Yemen WHO EMR

2005 (unless 2014 (unless 2014 (unless

otherwise stated) otherwise otherwise stated)
stated)
Global indicators Life expectancy at birth® 64.6 67.1 68.8
Literacy rate among adults aged 15 and over (%)° 65(2012) 69 (2012)
Stunting among children aged 5 and under (%)c 46.6 (2011) 28.2(2010)
GNI per capita® $3460 $3820 (2013)  $10 968 (2013)
Child health Infant mortality (per 1000 live births)® 54.5 35.1 41.6
Under-5 mortality (per 100 000)* 1428.29 929.91 1136.67 (2010)
Percentage of children under 12 months immunized 76 (25) 75(53) 76 (N/A)
against measles—MCV1 (MCV2),©
Maternal and Maternal mortality ratio (per 100 000 births)* 346.93 299.23 241.55
reproductive health  Deliveries attended by qualified medical staff (%)" 43 (2013) 67 (2013)
Women receiving antenatal care (four or more visits) (%)b 25.1(2013) 56 (2013)
Delivery in a health facility (%)P 30 (2013)
Family planning (modern method) (%)® 47 (2013) 58.4 (2015 estimate)
Fertility rate” 6.2 (2003) 4.1 (2013) 3.3(2013)
Communicable disease  Malaria incidence rate (per 100 000)* 715.65 619.52 (2010) 1076.08 (2010)
Lower respiratory tract infection mortality rate (per 100 000)*  46.37 30.08 35.36 (2010)
Non-communicable Prevalence of cardiovascular disease® 3.97 3.93(2010) 5.04 (2010)
disease Prevalence of cerebrovascular disease® 0.36 0.37 (2010) 0.44 (2010)
Prevalence of chronic respiratory disease® 8.70 8.23(2010) 7.17 (2010)

Sources:

Institute for Health Metrics and Evaluation (2016).

PWHO (2016a).

“WHO vaccine-preventable disease monitoring system (2016).

EMR, Eastern Mediterranean Region; MCV1, measles containing vaccine 1 (first dose); MCV2, measles containing vaccine 2 (second dose).
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‘‘‘‘‘‘ Lower-middle-income = = WHO Eastern Mediterranean Region —fomen

Figure 2. Diphtheria, tetanus toxoid and pertussis immunization coverage among 1-year-olds (%)—a standard marker of health service delivery—for Yemen com-
pared with the WHO EMR and World Bank lower-middle income country group averages [source: WHO (2016a)]

control prior to the internationalization of the conflict. Although WHO
data indicate that pricing for generic medicines in Yemen was generally
competitive by international standards during this period (as indicated
by the median consumer price ratio) (WHO 2016a), problems of irregu-
lar drug supply, weak regulation and quality control in the pharmaceut-
ical sector, and a rising challenge of counterfeiting were widely
acknowledged up to early 2015 (Yemen MoPHP/WHO 2012).

Human resources for health

Workforce concerns in Yemen pre-conflict included inequitable dis-
tribution of healthcare workers (HCWs) nationwide, but particu-
larly in rural areas. Physician density in Yemen in 2013 was 2 per 10
000 population, with 3 hospitals per 100 000 population—figures
that are broadly consistent with other low-income countries (WHO
2015). However, shortages of female HCWs in particular were
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identified as a major barrier to access for women, possibly account-
ing for a markedly low Caesarian section rate in Yemen at 0.5% (Al
Serouri et al. 2012). Mental health service provision was also lim-
ited: there were 0.5 psychiatrists and 0.09 psychiatric nurses per 100
000 people in Yemen in 2007, two of the lowest ratios in the Arab
World (Okasha et al. 2012). Public sector HCW pay and retention
were, as in many other low-income countries, significant problems;
dual job-holding in public and private sector clinics was common
(Aulagi 2014).

Health information and intelligence

Tracking the effect of health system activity on health outcomes in
Yemen prior to the conflict is complicated by limitations to health
information gathering. Although key statistics were routinely col-
lected by the state-funded Central Statistical Organization and a de-
veloping Health Management Information System (HMIS), and the
vertical programmes gathered quite detailed monitoring informa-
tion, health intelligence gathering was hampered by weak capacity
in respect of data management and dissemination, and in particular
challenges with information relay especially from rural areas
(Republic of Yemen/Health Metrics Network 2009). A new elec-
tronic Disease Early Warning System (eDEWS) was introduced with
support from international organizations to provide improved case
report data and support communicable disease surveillance using
mobile phone technology—with generally good sentinel site cover-
age (90% or more) (Ahmed ez al. 2014).

Health outcomes in Yemen to March 2015

Significant improvements were achieved in Yemen from 2005 to
2013 against a number of key indicators in maternal and child
health, and communicable diseases such as Malaria (Table 2). There
were marked improvements in life expectancy and, in particular, a
reduction in child mortality rates at national level, and Yemen per-
formed well even by comparison with other low-income countries
and regional neighbours on some measures (Figure 2 and Table 2).

Data from the Global Burden of Disease study show that the
most important causes of years of life lost in Yemen before the inter-
nationalization of the conflict continued to be lower respiratory
tract infections, diarrhoeal disease and other communicable dis-
eases, and birth complications (Mokdad 2016a). Cardiovascular
and cerebrovascular disease were emerging health issues in Yemen
(with population prevalence rates of 3.93 and 0.37%, respectively
in 2010), but prevalence rates for many non-communicable diseases
were well below regional average for the Eastern Mediterranean—
with the exception of chronic respiratory conditions (Table 2).
Chronic food insecurity was also a major challenge before the begin-
ning of the conflict, and nutritional deficiencies were among the pri-
mary causes of years lived with disability in Yemen in 2013
(Mokdad et al. 2016). A World Food Programme survey in
November 2014—4 months before the conflict began—found that
some 10.6 m people (around 41%) of the population were food inse-
cure, with important disparities in degrees of food insecurity be-
tween urban (26% of the population) and rural (48%) areas (World
Food Programme 2014). However, important strides were made in
addressing severe acute malnutrition (SAM) among children espe-
cially over 2014, where the estimated number affected fell from 280
000 to 160 000 (UN OCHA 2015a).

In summary, key population health challenges facing the health
sector in Yemen prior to the onset of fighting included a lower than
regional average life expectancy, enduring problems of malnutrition
and endemic poverty. In health system terms, political commitment

to health sector development was low and public funding in decline
with evidence of weak service penetration nationwide. Challenges
included a need to cater for 4171 health facilities dispersed unevenly
across the country (and with some two-thirds of the population liv-
ing in rural areas), limited health governance capacity especially at
the periphery, and weak human resource development policies.

The impact of conflict on health system functionality in
Yemen since March 2015

Leadership and governance

Core health system governance functions in Yemen have deterio-
rated significantly since the onset of fighting. Coordination of the
health response within Yemen, formally led by the MoPHP in part-
nership with the WHO regional office, incorporates some 20 partner
organizations including the International Committee of the Red
Cross and Médecins Sans Frontiéres (MSF) as part of a health cluster
(Gavlak 2015). However, the effectiveness of this response mechan-
ism has been questioned; the decision by many international actors
in Yemen to evacuate a majority of their staff as the conflict esca-
lated in March 2015 may have undermined both the coordination
and the timeliness of the response to emerging population health
needs (Cunningham 2016).

Health financing

In funding terms, the health system in Yemen is experiencing a crisis
on two fronts. On one hand, public expenditure has fallen as public
administration functions have deteriorated and the economy has
contracted. The annual GDP growth rate for Yemen in 2015 was
—32.9%, and is predicted to be —12.8% in 2016 (Yemen MoPIC
2016a,b). Prior to the conflict, staff salaries accounted for 30-40%
of all expenditure by the MoPHP. On the other hand, international
aid funding has also fallen precipitously as an increasing number of
organizations have either scaled back their activities in Yemen or
withdrawn from the country altogether (Yemen MoPIC 2015).
Total external loan and grant funding disbursement to the Yemeni
health sector fell from $51.3 m in 2014 to $1 m in 20135, in line with
the suspension of support from all but a handful of donors following
the internationalization of the conflict (Yemen MoPIC 2016a).
Persistent under-funding of the humanitarian response plan has—in
common with other countries in conflict worldwide—been a signifi-
cant challenge in Yemen; the WHO’s own response plan for 2016
received 24% of total requested funding (WHO EMRO 2016d).
Taken together, these funding reductions have contributed to major
challenges for public health service delivery since March 20135.

Service delivery and quality of care

Services in public health facilities have been subject to reductions
due to direct attack and damage to infrastructure on which delivery
depends (e.g. roads, electricity and water supplies), in addition to
workforce and supply shortages. According to WHO-conducted
Health Resources and services Availability Mapping System
(HeRAMS) survey conducted in February—June 2016 (Yemen
MoPHP/WHO EMRO 2016b), 17% of 3507 health facilities as-
sessed were ‘non-functional’ (i.e. no services currently offered either
as a result of critical infrastructure damage, absence of staff, lack of
equipment, or physical inaccessibility) and a further 38% ‘partially
functional’ (some, but not all services currently offered) (WHO
EMRO 20135a). Direct or indirect attacks on health facilities have
been a prominent feature of the conflict from the start, with around
8% of facilities in the 2016 HeRAMS survey being either partially
or completely destroyed at the point of assessment. Attacks on
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Table 3. Selection of key health outcome indicators for Yemen since the escalation of the conflict, by comparison with baseline, where data
are currently available; a column listing relevant figures across the WHO EMR is provided for comparison

Domain Indicator Yemen WHO EMR
2014 (unless 2015 2014 (unless 2015
otherwise stated) otherwise stated)
Global indicators Life expectancy at birth? 67.10 66.00 68.80 68.80
Child health Infant mortality (per 1000 live births)® 35.10 33.80 41.60 40.50
Under-5 mortality (per 100 000)* 929.91 1135.39  1136.67 (2010) 941.76
Percentage of children under 12 months immunized 75 (53) 75 (49) 76 (N/A) 76 (N/A)
against measles—MCV1 (MCV2),©
Maternal and reproductive ~ Maternal mortality ratio (per 100 000 births)® 299.23 307.42  241.55 238.35
health
Communicable disease Malaria incidence rate (per 100 000)* 619.52 (2010) 571.24 1076.08 (2010) 1018.69
Lower respiratory tract infection mortality 30.08 29.80 35.36 (2010) 29.47
rate (per 100 000)*
Non-communicable disease  Prevalence of cardiovascular disease® 3.93 (2010) 4.02 5.04 (2010) 5.18
Prevalence of cerebrovascular disease® 0.37 (2010) 0.37 0.44 (2010) 0.45
Prevalence of chronic respiratory disease® 8.23(2010) 8.14 7.17 (2010) 7.48

Sources:
*Institute for Health Metrics and Evaluation (2016).
PWHO 2016a.

“WHO vaccine-preventable disease monitoring system (2016).

EMR, Eastern Mediterranean Region; MCV1, measles containing vaccine 1 (first dose); MCV2, measles containing vaccine 2 (second dose).

international health organizations have also occurred on a regular
basis, including four on health facilities operated by MSF prompting
that organization’s withdrawal from all hospitals in Northern
Yemen in August 2016 (Médecins Sans Frontieres 2016). There is
disparity in damage by governorate with Taiz, Aden, Sa’adah and
Sana’a worst affected (Yemen MoPHP/WHO EMRO 2016Db).

Direct targeting of health facilities, combined with reduced func-
tionality because of damage to vital infrastructure, impaired fuel
and electricity supplies, lack of supplies, HCW shortages, financing
problems and restrictions on population movement have created a
situation in which access to basic health services is becoming in-
creasingly challenging (Safeguarding Health in Conflict Coalition
2016). The 2016 HeRAMS survey noted large shortfalls in service
availability by domain even within those health facilities still oper-
ational, with trauma management (of any form) available at 34% of
those surveyed, and maternal and new-born health at 35%. Other
key service areas were also badly affected in the initial phases of the
conflict, particularly Therapeutic Feeding Centres for malnutrition:
closures were common during 2015 because of fuel shortages and
access difficulties, although there has been some recovery since this
time (UN OCHA 2015b). The proportion of the population without
access to basic healthcare in August 2015 was estimated at 58%,
and although this has since improved to 54%, over half of the
Yemeni population remain without access (UN OCHA 2016a). A
crude indication of access restrictions is given by the total number of
consultations reported through eDEWS, which dropped by >50%
in the first 3 months of the conflict before steadily returning to pre-
conflict levels by the end of 2015 (Yemen MoPHP/WHO EMRO
2016a).

Core public health prevention work has also been adversely af-
fected. Data suggest a precipitous decline in the extent of vaccin-
ation coverage in the initial phases of the conflict—notably for
measles. Pre-crisis measles and rubella coverage ranged between 75
and 80% on average between 2004 and 2014, despite significant
barriers to vaccination arising partly from the physical inaccessibil-
ity of some rural communities (Al-Taiar ef al. 2010). There is some
discrepancy in stated year-end estimates for 2015, with some data

showing a decline nationwide to just over 40% (across all age
groups) (Yemen MoPHP/WHO EMRO 2015), but other sources
indicating an upswing to 75% coverage for first-dose measles and
rubella vaccination (MR1 only) among children aged under 1,
largely as a result of intensive campaigns towards the end of the year
(WHO EMRO 2016a; WHO EMRO 2016b).

Medicines and medical technologies

Medical supply shortages have proven a major impediment to health
service delivery since the internationalization of the conflict, but
particular challenges have arisen in provision of secondary or ter-
tiary care interventions that depend on specialized equipment and
drugs—notably renal dialysis, oncological care, and to a lesser de-
gree, diabetes mellitus (WHO EMRO 2015d).

Human resources for health

Although it is not possible using available data to quantify precisely
the toll on HCWs arising from the conflict in Yemen, a recently
released WHO report based on secondary data analysis identified 31
deaths resulting directly from attacks on health facilities in the coun-
try in 2015 (although this figure does not distinguish between pa-
tients and HCWs and is likely to be a conservative estimate) (WHO
2016b), and evidence from other countries suggests that HCW
deaths, injuries and flight are likely to be significant determinants of
health service access to the wider population (Roome et al. 2014).
Specialized services including renal dialysis have been badly affected
because of their reliance on costly equipment, reliable power sup-
plies and trained personnel (WHO EMRO 2015b).

Health information and intelligence

From a health information perspective, reporting rates eDEWS have
steadily recovered over the course of the conflict to 95% in the first
week of 2016, but rates fell as low as 51% in 2015 (Yemen MoPHP/
WHO EMRO 2016a). Data on HMIS reporting rates in Yemen are

not publicly available at present.
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Figure 3. Secular trends in the number of deaths and injuries, and degree of internal displacement in Yemen from April 2015 to September 2016 [source: WHO

EMRO Situation Reports for Yemen]

The impact of conflict on population health indicators
and outcomes in Yemen since March 2015: a snapshot
At least 7200 individuals have died as a result of the conflict (50%
of whom are civilians), and some 38 200 have been injured Figure 3
(UN OCHA 2016c). These figures are likely to underestimate the
true burden of mortality and injuries because they are include
health-facility reported events only. The majority of deaths have
occurred in densely populated civilian areas, mainly in the cities of
Taiz, Aden, Sana’a and Sa’adah. UN agencies and various NGOs
have repeatedly raised concerns about human rights violations and
urged the coalition to stop indiscriminate bombing and use of cluster
munitions in civilian areas (e.g. Human Rights Watch 2016).
Around 3.3 million Yemenis are internally displaced (13.5% of the
Yemeni population)—representing a >900% increase since the
internationalization of the conflict. Many of those with the re-
sources and capacity to leave Yemen have already done so (mainly
the highly educated and wealthy), but the level of external displace-
ment has been low overall (UN OCHA 2016c), particularly by com-
parison with the crisis in Syria (UN OCHA 2016a).

Wider population health impacts arising as a result of the con-
flict are now becoming increasingly apparent. Life expectancy in
Yemen fell in 2015, and increases were also seen in under-5 child
mortality and maternal mortality—the first setbacks to positive
trends for these indicators for many years (Table 3). The effect on
nutritional status population-wide has been profound, particularly
among children. Around 462 000 children are affected by SAM
(WHO EMRO 2016d), compared with an immediate pre-conflict
figure of 160 000 (UN OCHA 2016d). Notably high pre-conflict
rates of anaemia (86% among children under 5 in the 2013
Demographic and Health Survey (Republic of Yemen 2013))
increased to over 95% by the end of 2015 (Mokdad 2016b). The
percentage of women of childbearing age who are malnourished
rose from 11.6% in 2013 to 18.6% in 2015 (Mokdad 2016b). This
worsening food security and malnutrition trajectory may be attrib-
uted to the combined effects of movement restrictions on goods
imposed by all warring parties, reducing food supplies in many parts
of the country (FAO 2016); and declining household incomes as the

(Yemen MoPIC 2016b).
Nationally, data from the beginning of 2016 suggested that >60%
of households were limiting meal sizes to help cope with worsening
food security (UN OCHA 2016c). Governorate-level surveys in
2015 indicated increasing reliance at household level on unsustain-

cost of basic foodstuffs has risen

able coping strategies including meal-skipping even at that early
stage in the conflict (Yemen MoPHP/UNICEF 2015).

From a communicable disease perspective, the conflict has
exposed vulnerabilities in terms of both prevention and outbreak re-
sponse. Variable vaccination coverage noted above has not yet
translated into a rising case burden, but current immunization
coverage falls well below the 90% herd immunity threshold for
measles (Orenstein ez al. 2000). Outbreak control has also become
increasingly challenging—as evidenced by a large Dengue Fever out-
break across a number of governorates in 2015. Although past out-
breaks of Dengue Fever have been localized in geographical spread,
and time-limited in duration (Bin Ghouth et al. 2012), in 2015 there
was an outbreak of much larger magnitude with a reported caseload
ranging from 13 846 to 14 509, across a much wider range of gover-
norates. Although cases presented predominantly in urban areas (as
in the past) where access has been easier than in remoter rural areas,
implementation of basic Dengue control measures including bednet
distribution and fumigation are challenging (Al Yousefi et al. 2016)
and have been made immeasurably more difficult by ongoing
insecurity.

Describing the impact of the conflict on non-communicable dis-
ease (NCD) burden with clarity is far more challenging—in part be-
cause communicable diseases accounted for the majority of years of
life lost in Yemen before the conflict, but also because of long-
standing weaknesses in data collection systems. The limited data
available show a steady increase in the prevalence of cardiovascular
and cerebrovascular disease in Yemen between 2010 and 2015
(Table 3). There is anecdotal evidence to suggest that vulnerable
groups such as the elderly have suffered disproportionately as a re-
sult of indiscriminate attacks, population displacement and lack of
access to routine healthcare including NCD medications, but robust
data are in short supply (WHO EMRO 2015c¢).
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Discussion

This analysis has shown that despite profound structural and health
sector vulnerabilities in the years leading up to 2015 important
health gains were achieved in Yemen in certain domains (notably in-
creases in overall life expectancy, and reductions in infant and
under-5 child mortality rates). Following the internationalization of
the conflict in the country in March 2015, there is mounting evi-
dence that the Yemeni health system is disintegrating as a result of
weakening national oversight, worsening access to health services in
the context of severe financing restrictions and—in particular—on-
going threats to the safety of citizens, HCWs and health facilities.
These have translated, for the first time in recent years in Yemen,
into worsening performance against key health outcomes including
life expectancy, under-5 child mortality and maternal mortality.
There is particularly concerning evidence of a rapid increase in the
number of children affected by SAM, an indication of worsening
food insecurity and weakening access to supportive healthcare ser-
vices in many parts of the country.

Drawing clear parallels between the situation in Yemen and
other FCAS settings presents significant methodological challenges.
At first glance the Yemeni case shares important features in common
with other recent conflicts, especially in the Middle East, where
HCWs and health facilities have been subject to direct and indirect
attack (e.g. Burnham et al. 2012). However, trends in morbidity and
mortality in Yemen are at marked variance to the ongoing conflict
in Iraq or indeed Syria, a middle-income country where war-related
injuries and poorly controlled NCD account for the bulk of years of
life lost (Ben Taleb et al. 2015; Mokdad et al. 2016). Data from
Yemen bear closer similarities to evidence from conflicts in sub-
Saharan Africa in the 1990s and 2000s, where malnutrition, diar-
rhoeal diseases, respiratory tract infections and measles made major
contributions to case fatality rates (Toole and Waldman 1997;
Spiegel e al. 2010). A striking feature of the Yemeni conflict has
been the low volume of external relative to internal displacement
compared with other recent conflicts (IDMC 2016), a factor that
has likely compounded the scale of the shock to the health system
(Figure 3).

There are important limitations to the analysis presented here—
most relating to the low volume and quality of data from Yemen, in
common with many other FCAS. First, robust assessment of the
population health impact of conflict is difficult, and estimates of
mortality and morbidity are overwhelmingly based on health
facility-reported data, likely capturing only a proportion of the over-
all burden of disease in Yemen. A comprehensive assessment of the
population health impact of the conflict in Yemen was, however, be-
yond the scope of this paper given our primary focus on the health
system. Second, the exclusion of certain sources (in particular media
sources and personal testimony from key informants) may have re-
sulted in important, emerging evidence on health system impacts
arising from the conflict being overlooked. A fuller assessment of
health system activity since the internationalization of the conflict
would include evidence from these additional sources, with appro-
priate weighting to reflect the nature of the material.

Further, important questions about health system functionality
remain unanswered and provide the outlines of a research agenda
for Yemen. In particular, there is a need to build a clearer under-
standing of variations in the intensity of the conflict across the coun-
try and how these have been experienced by local health actors.
Second, the extent of HCW flight is unclear. Since there is evidence
from other settings that human resources for health should be prior-
ity for reconstruction efforts in the post-conflict period (WHO

2005), and that this often depends on the degree of protection
offered to HCWs during the fighting (Namakula and Witter 2014),
building a clearer picture of the scale and scope of HCW flight, and
where deficits in expertise may now lie, should be a priority for
agencies involved in the response and for academic researchers.
Thirdly, there is very little evidence from Yemen on coping strategies
in the health sector, including citizens’ means for managing health-
care costs, and the degree to which non-state actors have been able
to fill widening gaps in public sector service provision since the be-
ginning of the conflict. Non-state actors have often adopted key
roles in health service provision during conflict in other settings
(e.g. Ab Barnabas and Zwi 1997; Howard et al. 2014), and may as-
sume important functions in the post-conflict period (Hill ez al.
2014). Finally, very little can be said of perceptions of healthcare
(both public and private) among Yemenis. All of the above point to
wider shortfalls in data collection both before and during the
conflict.

Identifying suitable health system priorities in the context of a
dynamic and ongoing conflict is challenging, but evidence from
other FCAS suggests limited health system strengthening work is
possible (Newbrander et al. 2011; Jones et al. 2015). In the near
term, firm guarantees regarding the safety of civilians and the preser-
vation of health facilities and health workers are required from the
warring parties, which thus far have not been forthcoming. From a
health service perspective, evidence exists on the kinds of health ser-
vice packages that are likely to deliver improvements in health out-
comes for displaced people in conflict settings (Spiegel et al. 2010),
and work is urgently needed to redefine service packages for Yemen
that prioritize basic services while recognizing variations in local cir-
cumstances across the country. In the medium-term, planning for
health system rehabilitation and reconstruction must begin as soon
as possible. Ensuring access to reliable and detailed health informa-
tion will be critical to this effort, and plans should be put in place
forthwith to ensure that a robust, national assessment of health
needs can be carried out as soon as a reduction in the intensity of the
conflict permits.

Conclusion

This review has described significant and wide-ranging impacts of
escalating conflict on health system functionality and health out-
comes in Yemen, including worsening life expectancy, child and ma-
ternal mortality rates and rising rates of SAM. Important areas of
uncertainty remain, however, including the scale of health worker
flight, and the extent to which alternative providers have stepped in
to deliver widening service gaps as the conflict has unfolded.
Strengthening health information and monitoring systems is an ur-
gent priority as the conflict continues, and planning for reconstruc-
tion should begin as soon as possible.
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Note

1. The governorates are the highest administrative divisions in
Yemen at sub-national level. Of the 22 governorates in
Yemen before the start of the conflict, one (Sana’a City) was
a municipality. Each governorate is in turn divided into dis-

tricts, of which there were 333 nationwide before the conflict.
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