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Background: Cardiovascular disease constitutes amajor cause of death worldwide. Inflammation plays an impor-
tant role in atherosclerosis formation, coronary artery disease progression, acute coronary thrombosis and occlu-
sion. Chemokines are inflammatory mediators disposing several bio-functions, as leukocyte migration towards
inflammatory signals and vascular injuries. The present study was designed to evaluate the potential correlation
between serum levels of chemokines CXCL-10 and CXCL-12 and the degree of coronary artery occlusion.
Methods: Eighty eight patient candidates for coronary angiography with coronary artery disease symptoms and
potentially high risk of coronary artery occlusion were recruited. Chemokine serum levels were measured with
the ELISA method and patients underwent coronary angiography. All patients with coronary artery disease
(CAD) were divided into four groups according to the Gensini score. Data were presented as mean ± SD. All P
values b0.05 were considered significant.
Results: Our demographic data showed that of the 88 patients, 46 were male and 42 female. The mean age of
patients was 57.95 ± 11.13. Following increased coronary artery occlusion the serum levels of chemokines
were significantly increased (CXCL-10 and CXCL-12; P b 0.0001 and P b 0.0001, respectively).
Conclusion: In this novel study, a significant correlation between the serum levels of CXCL-10 and CXCL-12 and
the severity of coronary artery occlusion was found. This could be attributed to the role of these chemokines in
the processes of angiogenesis and angiostasis, a biological phenomenon that can play key role in the develop-
ment of collateral circulation.

© 2017 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Cardiovascular diseases are major causes of death in most countries
across the world [1,2] Coronary artery disease (CAD) constitutes the
most frequent cause of death in theUSA [3]. Death due to cardiovascular
disease occurs every 36 s [4]. According to the latest reports from the
ministry of health of Iran, CAD is associated with a high mortality rate
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in patients aged over 35 years [5]. However, during the last decades
the coronary artery disease mortality rate has significantly decreased
in developed countries, fact that could be attributed to both primary
and secondary care and prevention programs [6]. Several risk factors,
such as family history, increased lipid levels, hypertension, smoking,
diabetes mellitus, and obesity, are involved in CAD. Additional parame-
ters, including fibrinogen levels, status of inflammation biomarkers, C-
Reactive Protein (CRP), IL-1B and a variety of infectious bacteria such
as chlamydia and helicobacter pylori have been also incriminated, as
playing a role in cardiovascular disorders [7]. Furthermore, inflamma-
tion plays a crucial role in both atherosclerosis and acute coronary
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Global, regional, and national age-sex-specific mortality for 
282 causes of death in 195 countries and territories, 
1980–2017: a systematic analysis for the Global Burden of 
Disease Study 2017
GBD 2017 Causes of Death Collaborators*

Summary
Background Global development goals increasingly rely on country-specific estimates for benchmarking a nation’s 
progress. To meet this need, the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2016 estimated 
global, regional, national, and, for selected locations, subnational cause-specific mortality beginning in the year 
1980. Here we report an update to that study, making use of newly available data and improved methods. GBD 2017 
provides a comprehensive assessment of cause-specific mortality for 282 causes in 195 countries and territories from 
1980 to 2017.

Methods The causes of death database is composed of vital registration (VR), verbal autopsy (VA), registry, survey, 
police, and surveillance data. GBD 2017 added ten VA studies, 127 country-years of VR data, 502 cancer-registry 
country-years, and an additional surveillance country-year. Expansions of the GBD cause of death hierarchy resulted 
in 18 additional causes estimated for GBD 2017. Newly available data led to subnational estimates for five additional 
countries—Ethiopia, Iran, New Zealand, Norway, and Russia. Deaths assigned International Classification of Diseases 
(ICD) codes for non-specific, implausible, or intermediate causes of death were reassigned to underlying causes by 
redistribution algorithms that were incorporated into uncertainty estimation. We used statistical modelling tools 
developed for GBD, including the Cause of Death Ensemble model (CODEm), to generate cause fractions and cause-
specific death rates for each location, year, age, and sex. Instead of using UN estimates as in previous versions, 
GBD 2017 independently estimated population size and fertility rate for all locations. Years of life lost (YLLs) were 
then calculated as the sum of each death multiplied by the standard life expectancy at each age. All rates reported here 
are age-standardised.

Findings At the broadest grouping of causes of death (Level 1), non-communicable diseases (NCDs) comprised the 
greatest fraction of deaths, contributing to 73·4% (95% uncertainty interval [UI] 72·5–74·1) of total deaths in 
2017, while communicable, maternal, neonatal, and nutritional (CMNN) causes accounted for 18·6% (17·9–19·6), 
and injuries 8·0% (7·7–8·2). Total numbers of deaths from NCD causes increased from 2007 to 2017 by 22·7% 
(21·5–23·9), representing an additional 7·61 million (7·20–8·01) deaths estimated in 2017 versus 2007. The death 
rate from NCDs decreased globally by 7·9% (7·0–8·8). The number of deaths for CMNN causes decreased by 
22·2% (20·0–24·0) and the death rate by 31·8% (30·1–33·3). Total deaths from injuries increased by 2·3% 
(0·5–4·0) between 2007 and 2017, and the death rate from injuries decreased by 13·7% (12·2–15·1) to 
57·9 deaths (55·9–59·2) per 100 000 in 2017. Deaths from substance use disorders also increased, rising from 
284 000 deaths (268 000–289 000) globally in 2007 to 352 000 (334 000–363 000) in 2017. Between 2007 and 2017, 
total deaths from conflict and terrorism increased by 118·0% (88·8–148·6). A greater reduction in total deaths and 
death rates was observed for some CMNN causes among children younger than 5 years than for older adults, 
such as a 36·4% (32·2–40·6) reduction in deaths from lower respiratory infections for children younger than 
5 years compared with a 33·6% (31·2–36·1) increase in adults older than 70 years. Globally, the number of 
deaths was greater for men than for women at most ages in 2017, except at ages older than 85 years. Trends in 
global YLLs reflect an epidemiological transition, with decreases in total YLLs from enteric infections, respiratory 
infections and tuberculosis, and maternal and neonatal disorders between 1990 and 2017; these were generally 
greater in magnitude at the lowest levels of the Socio-demographic Index (SDI). At the same time, there 
were large increases in YLLs from neoplasms and cardiovascular diseases. YLL rates decreased across 
the five leading Level 2 causes in all SDI quintiles. The leading causes of YLLs in 1990—neonatal disorders, 
lower respiratory infections, and diarrhoeal diseases—were ranked second, fourth, and fifth, in 2017. Meanwhile, 
estimated YLLs increased for ischaemic heart disease (ranked first in 2017) and stroke (ranked third), even 
though YLL rates decreased. Population growth contributed to increased total deaths across the 20 leading 
Level 2 causes of mortality between 2007 and 2017. Decreases in the cause-specific mortality rate reduced the effect 
of population growth for all but three causes: substance use disorders, neurological disorders, and skin and 
subcutaneous diseases.
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Global, regional, and national incidence, prevalence, and 
years lived with disability for 354 diseases and injuries for 
195 countries and territories, 1990–2017: a systematic 
analysis for the Global Burden of Disease Study 2017
GBD 2017 Disease and Injury Incidence and Prevalence Collaborators*

Summary
Background The Global Burden of Diseases, Injuries, and Risk Factors Study 2017 (GBD 2017) includes a 
comprehensive assessment of incidence, prevalence, and years lived with disability (YLDs) for 354 causes in 
195 countries and territories from 1990 to 2017. Previous GBD studies have shown how the decline of mortality rates 
from 1990 to 2016 has led to an increase in life expectancy, an ageing global population, and an expansion of the 
non-fatal burden of disease and injury. These studies have also shown how a substantial portion of the world’s 
population experiences non-fatal health loss with considerable heterogeneity among different causes, locations, 
ages, and sexes. Ongoing objectives of the GBD study include increasing the level of estimation detail, improving 
analytical strategies, and increasing the amount of high-quality data.

Methods We estimated incidence and prevalence for 354 diseases and injuries and 3484 sequelae. We used an updated 
and extensive body of literature studies, survey data, surveillance data, inpatient admission records, outpatient visit 
records, and health insurance claims, and additionally used results from cause of death models to inform estimates 
using a total of 68 781 data sources. Newly available clinical data from India, Iran, Japan, Jordan, Nepal, China, Brazil, 
Norway, and Italy were incorporated, as well as updated claims data from the USA and new claims data from Taiwan 
(province of China) and Singapore. We used DisMod-MR 2.1, a Bayesian meta-regression tool, as the main method of 
estimation, ensuring consistency between rates of incidence, prevalence, remission, and cause of death for each 
condition. YLDs were estimated as the product of a prevalence estimate and a disability weight for health states of 
each mutually exclusive sequela, adjusted for comorbidity. We updated the Socio-demographic Index (SDI), 
a summary development indicator of income per capita, years of schooling, and total fertility rate. Additionally, we 
calculated differences between male and female YLDs to identify divergent trends across sexes. GBD 2017 complies 
with the Guidelines for Accurate and Transparent Health Estimates Reporting.

Findings Globally, for females, the causes with the greatest age-standardised prevalence were oral disorders, headache 
disorders, and haemoglobinopathies and haemolytic anaemias in both 1990 and 2017. For males, the causes with the 
greatest age-standardised prevalence were oral disorders, headache disorders, and tuberculosis including latent 
tuberculosis infection in both 1990 and 2017. In terms of YLDs, low back pain, headache disorders, and dietary iron 
deficiency were the leading Level 3 causes of YLD counts in 1990, whereas low back pain, headache disorders, and 
depressive disorders were the leading causes in 2017 for both sexes combined. All-cause age-standardised YLD rates 
decreased by 3·9% (95% uncertainty interval [UI] 3·1–4·6) from 1990 to 2017; however, the all-age YLD rate increased 
by 7·2% (6·0–8·4) while the total sum of global YLDs increased from 562 million (421–723) to 853 million (642–1100). 
The increases for males and females were similar, with increases in all-age YLD rates of 7·9% (6·6–9·2) for males and 
6·5% (5·4–7·7) for females. We found significant differences between males and females in terms of age-standardised 
prevalence estimates for multiple causes. The causes with the greatest relative differences between sexes in 2017 
included substance use disorders (3018 cases [95% UI 2782–3252] per 100 000 in males vs 1400 [1279–1524] per 
100 000 in females), transport injuries (3322 [3082–3583] vs 2336 [2154–2535]), and self-harm and interpersonal 
violence (3265 [2943–3630] vs 5643 [5057–6302]).

Interpretation Global all-cause age-standardised YLD rates have improved only slightly over a period spanning nearly 
three decades. However, the magnitude of the non-fatal disease burden has expanded globally, with increasing 
numbers of people who have a wide spectrum of conditions. A subset of conditions has remained globally pervasive 
since 1990, whereas other conditions have displayed more dynamic trends, with different ages, sexes, and geographies 
across the globe experiencing varying burdens and trends of health loss. This study emphasises how global 
improvements in premature mortality for select conditions have led to older populations with complex and potentially 
expensive diseases, yet also highlights global achievements in certain domains of disease and injury.
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Tracking spending on malaria by source in 106 countries, 
2000–16: an economic modelling study
Annie Haakenstad, Anton Connor Harle, Golsum Tsakalos, Angela E Micah, Tianchan Tao, Mina Anjomshoa, Jessica Cohen, Nancy Fullman, 
Simon I Hay, Tomislav Mestrovic, Shafiu Mohammed, Seyyed Meysam Mousavi, Molly R Nixon, David Pigott, Khanh Tran, Christopher J L Murray, 
Joseph L Dieleman

Summary
Background Sustaining achievements in malaria control and making progress toward malaria elimination requires 
coordinated funding. We estimated domestic malaria spending by source in 106 countries that were malaria-endemic 
in 2000–16 or became malaria-free after 2000.

Methods We collected 36 038 datapoints reporting government, out-of-pocket (OOP), and prepaid private malaria 
spending, as well as malaria treatment-seeking, costs of patient care, and drug prices. We estimated government 
spending on patient care for malaria, which was added to government spending by national malaria control 
programmes. For OOP malaria spending, we used data reported in National Health Accounts and estimated OOP 
spending on treatment. Spatiotemporal Gaussian process regression was used to ensure estimates were complete 
and comparable across time and to generate uncertainty.

Findings In 2016, US$4·3 billion (95% uncertainty interval [UI] 4·2–4·4) was spent on malaria worldwide, an 8·5% 
(95% UI 8·1–8·9) per year increase over spending in 2000. Since 2000, OOP spending increased 3·8% (3·3–4·2) per 
year, amounting to $556 million (487–634) or 13·0% (11·6–14·5) of all malaria spending in 2016. Governments 
spent $1·2 billion (1·1–1·3) or 28·2% (27·1–29·3) of all malaria spending in 2016, increasing 4·0% annually since 
2000. The source of malaria spending varied depending on whether countries were in the malaria control or 
elimination stage.

Interpretation Tracking global malaria spending provides insight into how far the world is from reaching the malaria 
funding target of $6·6 billion annually by 2020. Because most countries with a high burden of malaria are low 
income or lower-middle income, mobilising additional government resources for malaria might be challenging.

Funding The Bill & Melinda Gates Foundation.
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Introduction
Between 2000 and 2017, tremendous progress was made 
in the fight against malaria, although the disease burden 
remains high in many countries.1 Globally, malaria 
incidence fell by nearly 1% annually or 1·9 million cases 
per year and malaria death rates dropped 3·1% each year, 
averting an additional 14 000 deaths annually on average. 
Relative to 2000, 24·2 million fewer malaria cases and 
226 000 fewer deaths occurred in 2016.2–4 These declines 
were underpinned by a 30·2% increase in development 
assistance for malaria between 2000 and 2010.5 More 
than US$10·3 billion in development assistance for 
health (DAH) was disbursed to control and eliminate 
malaria between 2000 and 2010.

Despite this progress, a large malaria health burden 
persists in many low-income and lower-middle-income 
countries and particularly in sub-Saharan Africa.6 In 
2017, 208·8 million cases of malaria occurred globally 
and 620 000 people died, including 328 000 children 
under the age of 5 years in sub-Saharan Africa.3,4,7,8 
Evidence suggests progress in the fight against malaria 
has stalled in some settings.9 Moreover, between 2010 

and 2018, development assistance for malaria decreased 
1·9% annually on average.

Sustaining achievements in malaria control and 
making progress towards global malaria elimination 
goals requires funding above present levels of DAH. The 
Global Technical Strategy for Malaria, 2016–30, aims to 
reduce case incidence and mortality by 40% by 2020, 
eliminate malaria from at least ten countries, and prevent 
re-introduction of malaria in all malaria-free settings.10 
Achieving these aims requires an estimated $6·6 billion 
in malaria investments annually by 2020.11,12

With little growth in future DAH expected, it is crucial 
to better understand present health spending on malaria, 
including how much is financed by governments, 
households, and prepaid private sources in malaria-
endemic countries.5 To date, no comprehensive and 
comparable estimates of global spending on malaria 
exist. Country-specific information has increased, with 
malaria spending estimates for 149 years of data for 
numerous countries published in National Health 
Account (NHA) sub-accounts and System of National 
Health Accounts 2011 reports.13 However, just 55 of these 
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Mapping geographical inequalities in oral rehydration 
therapy coverage in low-income and middle-income 
countries, 2000–17
Local Burden of Disease Diarrhoea Collaborators*

Summary
Background Oral rehydration solution (ORS) is a form of oral rehydration therapy (ORT) for diarrhoea that has the 
potential to drastically reduce child mortality; yet, according to UNICEF estimates, less than half of children younger 
than 5 years with diarrhoea in low-income and middle-income countries (LMICs) received ORS in 2016. A variety of 
recommended home fluids (RHF) exist as alternative forms of ORT; however, it is unclear whether RHF prevent 
child mortality. Previous studies have shown considerable variation between countries in ORS and RHF use, but 
subnational variation is unknown. This study aims to produce high-resolution geospatial estimates of relative and 
absolute coverage of ORS, RHF, and ORT (use of either ORS or RHF) in LMICs.

Methods We used a Bayesian geostatistical model including 15 spatial covariates and data from 385 household surveys 
across 94 LMICs to estimate annual proportions of children younger than 5 years of age with diarrhoea who received 
ORS or RHF (or both) on continuous continent-wide surfaces in 2000–17, and aggregated results to policy-relevant 
administrative units. Additionally, we analysed geographical inequality in coverage across administrative units and 
estimated the number of diarrhoeal deaths averted by increased coverage over the study period. Uncertainty in the 
mean coverage estimates was calculated by taking 250 draws from the posterior joint distribution of the model and 
creating uncertainty intervals (UIs) with the 2·5th and 97·5th percentiles of those 250 draws.

Findings While ORS use among children with diarrhoea increased in some countries from 2000 to 2017, coverage 
remained below 50% in the majority (62·6%; 12 417 of 19 823) of second administrative-level units and an estimated 
6 519 000 children (95% UI 5 254 000–7 733 000) with diarrhoea were not treated with any form of ORT in 2017. 
Increases in ORS use corresponded with declines in RHF in many locations, resulting in relatively constant overall 
ORT coverage from 2000 to 2017. Although ORS was uniformly distributed subnationally in some countries, within-
country geographical inequalities persisted in others; 11 countries had at least a 50% difference in one of their units 
compared with the country mean. Increases in ORS use over time were correlated with declines in RHF use and in 
diarrhoeal mortality in many locations, and an estimated 52 230 diarrhoeal deaths (36 910–68 860) were averted by 
scaling up of ORS coverage between 2000 and 2017. Finally, we identified key subnational areas in Colombia, Nigeria, 
and Sudan as examples of where diarrhoeal mortality remains higher than average, while ORS coverage remains 
lower than average.

Interpretation To our knowledge, this study is the first to produce and map subnational estimates of ORS, RHF, and 
ORT coverage and attributable child diarrhoeal deaths across LMICs from 2000 to 2017, allowing for tracking progress 
over time. Our novel results, combined with detailed subnational estimates of diarrhoeal morbidity and mortality, can 
support subnational needs assessments aimed at furthering policy makers’ understanding of within-country 
disparities. Over 50 years after the discovery that led to this simple, cheap, and life-saving therapy, large gains in 
reducing mortality could still be made by reducing geographical inequalities in ORS coverage.

Funding Bill & Melinda Gates Foundation.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license.

Introduction
Oral rehydration solution (ORS) is a simple treatment 
that can be prepared and used at home to prevent 
mortality due to dehydration and undernutrition in 
children with diarrhoea. This intervention is especially 
suitable in locations where intravenous fluids are scarce 
or unavailable,1 and replaces indiscriminate and 
unnecessary use of antibiotics to treat diarrhoea.2 ORS 

was discovered more than 50 years ago when a physician 
in Dhaka, Bangladesh, found that treating patients 
with cholera with glucose-electrolyte solutions in equiva
lent amounts to fluid losses could prevent the need for 
intravenous liquids in 80% of patients.3 Shortly 
thereafter, its ability to prevent dehydration was shown 
in a trial in Kolkata, India,4 and during a cholera outbreak 
among Bangladeshi refugees in India.5 Since then, 
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Mapping routine measles vaccination in  
low- and middle-income countries

Local Burden of Disease Vaccine Coverage Collaborators*

The safe, highly effective measles vaccine has been recommended globally since 1974, 
yet in 2017 there were more than 17 million cases of measles and 83,400 deaths in 
children under 5 years old, and more than 99% of both occurred in low- and 
middle-income countries (LMICs)1–4. Globally comparable, annual, local estimates of 
routine first-dose measles-containing vaccine (MCV1) coverage are critical for 
understanding geographically precise immunity patterns, progress towards the 
targets of the Global Vaccine Action Plan (GVAP), and high-risk areas amid disruptions 
to vaccination programmes caused by coronavirus disease 2019 (COVID-19)5–8. Here 
we generated annual estimates of routine childhood MCV1 coverage at 5 × 5-km2 pixel 
and second administrative levels from 2000 to 2019 in 101 LMICs, quantified 
geographical inequality and assessed vaccination status by geographical remoteness. 
After widespread MCV1 gains from 2000 to 2010, coverage regressed in more than 
half of the districts between 2010 and 2019, leaving many LMICs far from the GVAP 
goal of 80% coverage in all districts by 2019. MCV1 coverage was lower in rural than in 
urban locations, although a larger proportion of unvaccinated children overall lived in 
urban locations; strategies to provide essential vaccination services should address 
both geographical contexts. These results provide a tool for decision-makers to 
strengthen routine MCV1 immunization programmes and provide equitable disease 
protection for all children.

The safe, highly effective vaccine against measles has been recom-
mended since 1974 by the Expanded Programme on Immunization 
of the WHO (World Health Organization)1–3. A single valid dose of 
any MCV is approximately 93% effective in providing individuals 
with lifelong protection from measles1. Still, in 2017, there were an 
estimated 17,767,037 new global cases and 83,439 deaths attributa-
ble to measles in children under 5 years old4. Although high-income 
regions, such as the USA and Europe, have recently started expe-
riencing extended measles outbreaks due to a lapse in vaccina-
tion coverage, more than 99% of cases and deaths still occur in  
LMICs4,9.

Low vaccination rates and increasing vaccine hesitancy10–12 contrib-
ute to the persistence of measles as a major cause of childhood mor-
bidity and mortality. National-level MCV1 estimates from the Global 
Burden of Diseases, Injuries and Risk Factors Study (GBD) 2019 identi-
fied only 72 out of 204 countries in which routine coverage reached 
approximate herd immunity targets (≥95%) in 2019, and global MCV1 
coverage4,13 was 84.2%. Even in countries with high national coverage, 
these estimates mask important subnational heterogeneities that 
may sustain ongoing disease transmission and increase the risk of 
outbreaks14–17, especially in light of the current service disruptions 
associated with the COVID-19 pandemic7,8. Global vaccination initia-
tives, such as the GVAP and Immunization Agenda 2030, recognize the 
importance of eliminating subnational coverage disparities, aiming 
for at least 90% of the target population in every country and 80% in 
every district to be covered5,6.

 
Subnational routine MCV1 coverage
Since 2016, the WHO and UNICEF have collected subnational cov-
erage data through their annual Joint Reporting process, although 
poor data quality and biases currently limit the use of administrative 
data to track progress towards GVAP targets18–20. For the 101 countries 
included in this study, 91 reported subnational data in 2018 in a total of 
11,311 subnational geographical units. Of these countries, 71 reported 
MCV1 coverage greater than 100% in at least one unit and 55 reported  
such coverage in at least a quarter of units. Although researchers have 
estimated subnational MCV1 coverage in select countries or years 
for which there have been reliable surveys, to date, no comprehen-
sive analysis of all available vaccine coverage data to produce sub-
national estimates of MCV1 coverage annually in all LMICs has been  
undertaken21–24.

Building from our previous work mapping diphtheria–tetanus–
pertussis vaccine coverage in Africa14, here we present mapped 
high-spatial-resolution estimates of routine MCV1 coverage across 101 
LMICs from 2000 to 2019, aggregated to policy-relevant second-level 
administrative units (hereafter districts). Using geolocated data on 
MCV1 coverage from 354 household-based surveys representing 
approximately 1.70 million children and a suite of environmental, 
sociodemographic and health-related geospatial and national-level 
covariates, we extended model-based geostatistical methods that 
have been used to map child mortality and its main components  
and risk factors25–28 to predict MCV1 coverage and uncertainty 
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Anemia occurs when the number of healthy red blood cells is 
insufficient to meet the body’s physiological needs for oxy-
gen delivery to the brain, heart, muscles and other vital tis-

sues. Hemoglobin is the primary oxygen-carrying molecule within 
red blood cells, so anemia is most typically measured in terms of 
hemoglobin content of the blood rather than red blood cell vol-
ume1,2. Anemia can reduce cognitive and physical capacities and 
is associated with reduced economic productivity3,4 and increased 
morbidity and all-cause mortality5. Maternal iron deficiency can 
lead to adverse pregnancy and newborn outcomes, including still-
birth, low birth weight and infant mortality6, and anemia in preg-
nancy has been suggested as a potential marker of increased risk of 
major hemorrhage7 and a risk factor for maternal death8.

Causes of anemia can be divided into three non-mutually exclu-
sive pathways: blood loss, increased red blood cell destruction and 
inadequate red blood cell production. Blood loss can be acute due 
to events such as injuries, maternal hemorrhage or surgery, or it 
can be chronic, due to conditions such as gastrointestinal disor-
ders, helminthic infections, bleeding disorders or abnormal uter-
ine bleeding9,10. Increased red blood cell destruction happens either 
as a consequence of abnormal red blood cell structure, such as in 
thalassaemia or sickle cell disease, or because of external mechani-
cal, immune or infectious factors11. Inadequate production of red 
blood cells can happen when the bone marrow itself is depressed, 
such as in HIV12 or some malignancies; because there are hor-
monal imbalances, such as with chronic inflammation;13 or due 
to increased demand (such as during pregnancy), nutrient malab-
sorption or inadequate supply of red blood cell building blocks, 
such as protein, iron, vitamin A14, folate or vitamin B-12 (ref. 15) 
Iron deficiency is often thought of as the most common cause of 

anemia, which is true but also misleading, because absolute and/or 
functional iron deficiency can arise as a consequence of any of the 
three pathways and, therefore, as a consequence of multiple differ-
ent causes. Women of reproductive age (WRA; ages 15–49 years) 
are at particularly increased risk of iron deficiency and, therefore, 
anemia, compared to men, due to physiological changes such as 
menstruation (blood loss pathway), pregnancy (inadequate pro-
duction pathway due to increased demand) and bleeding in child-
birth16,17. Additionally, unequal household food allocation can 
make WRA vulnerable to anemia as they might not have access to  
iron-rich foods17.

Anemia continues to affect millions of women worldwide and 
remains concentrated in LMICs as defined by the Global Burden 
of Disease (GBD) Socio-Demographic Index (SDI)18. In 2019,  
30.1% of WRA were estimated to have anemia globally, with wide 
geographical variation18, and dietary iron deficiency was among  
the highest-ranking conditions in both prevalence and years lived 
with disability (YLDs) among WRA in LMICs19. The WHO has set  
a GNT to reduce anemia in WRA by 50% by 2025 (refs. 2,20); this 
target and other related WHO GNTs have since been extended to 
2030 (ref. 21). In October 2019, the percentage of WRA with ane-
mia was officially added as an indicator to track progress toward the 
Sustainable Development Goal (SDG) 2.2 to end all forms of mal-
nutrition by 2030 (refs. 22,23). Although the WHO provides national- 
level anemia estimates and tracking tools, available reports do not 
show the subnational heterogeneity needed to inform within-country 
planning, annual changes to track progress or anemia severity 
stratifications20,24. Maps of comparable estimates across space and 
time at policy-relevant administrative levels are vital to identify the 
most vulnerable populations, track progress toward international  

Anemia prevalence in women of reproductive age 
in low- and middle-income countries between 
2000 and 2018
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Anaemia Collaborators*, Nicholas J. Kassebaum1,2,3,4 and Simon I. Hay   1,2 ✉

Anemia is a globally widespread condition in women and is associated with reduced economic productivity and increased 
mortality worldwide. Here we map annual 2000–2018 geospatial estimates of anemia prevalence in women of reproductive 
age (15–49 years) across 82 low- and middle-income countries (LMICs), stratify anemia by severity and aggregate results to 
policy-relevant administrative and national levels. Additionally, we provide subnational disparity analyses to provide a com-
prehensive overview of anemia prevalence inequalities within these countries and predict progress toward the World Health 
Organization’s Global Nutrition Target (WHO GNT) to reduce anemia by half by 2030. Our results demonstrate widespread 
moderate improvements in overall anemia prevalence but identify only three LMICs with a high probability of achieving the 
WHO GNT by 2030 at a national scale, and no LMIC is expected to achieve the target in all their subnational administrative 
units. Our maps show where large within-country disparities occur, as well as areas likely to fall short of the WHO GNT, offer-
ing precision public health tools so that adequate resource allocation and subsequent interventions can be targeted to the most 
vulnerable populations.
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Exclusive breastfeeding (EBF)—giving infants only breast-milk 
(and medications, vitamins or oral rehydration solution (ORS) 
as needed) for the first 6 months of life—is effective in prevent-

ing deaths from diarrhoea, pneumonia and other leading causes of 
child mortality1–4. Breast-milk has been characterized as a ‘person-
alized medicine’ for infants2 due to its nutritional properties, natu-
ral growth stimulators and tailored immune-protective properties, 
which collectively contribute to infant growth, development and 
survival5–8. Furthermore, evidence suggests long-term health ben-
efits of breastfeeding, including reduced risks of cardiovascular 
diseases and increased benefits to human capital in adulthood2,9,10. 
The introduction of supplementary food and water during the first 
6 months of life, particularly in settings lacking reliable access to 
clean water, can expose infants to infections from a range of patho-
gens1,3. Along with the initiation of breastfeeding within the first 
hour after birth and continued breastfeeding to 2 years, the World 
Health Organization (WHO) considers EBF to be an optimal 
breastfeeding practice11 and included it as a proven protective inter-
vention in the Global Action Plan for Pneumonia and Diarrhoea 
(GAPPD)1. Despite the benefits, the proportion of exclusively 
breastfed children remains low in many low- and middle-income 
countries (LMICs), where most child deaths attributed to subop-
timal breastfeeding occur12. Accelerated uptake in EBF is required 
to successfully achieve the World Health Organization’s Global 
Nutrition Target (WHO GNT) of at least 50% EBF prevalence by 
202511 and the recently updated WHO GNT of at least 70% EBF 
prevalence by 203013.

This study is a part of a body of work mapping 
high-spatial-resolution estimates to track progress toward the 
WHO GNTs14–17. Building on our previous geospatial analysis of 
EBF prevalence in sub-Saharan Africa14, we synthesized data from 
349 geo-referenced household surveys from years 1998 to 2018 rep-
resenting 302,435 infants under 6 months to produce annual 2000–
2018 subnational estimates for the proportion and absolute number 
of exclusively breastfed infants for 94 LMICs. We used 14 geograph-
ically distinct modelling regions which were determined on the 

basis of epidemiological homogeneity and geographical contiguity 
by the Global Burden of Disease (GBD) study18 (Supplementary 
Table 4 and Supplementary Fig. 7). We first mapped estimates on 
a 5 × 5-km grid to align with the resolution of many of the covari-
ates used in this study and then aggregated to more policy-relevant 
second- and first-administrative-level units for each country in our 
analysis. Here we provide mapped annual estimates of EBF preva-
lence and trends at policy-relevant administrative and national lev-
els from 2000 to 2018, as well as the estimated number of infants not 
receiving EBF. On the basis of trends in the most recent years, we 
project these estimates to the years 2025 and 2030, and determine 
the probability of meeting the WHO GNTs of ≥50% and ≥70% EBF 
prevalence in the respective target years. Furthermore, we exam-
ine relative and absolute subnational inequalities of EBF prevalence 
within LMICs and compare areas with low EBF prevalence to areas 
with high disease burden and low coverage of mitigating interven-
tions. The full array of our model outputs—at various spatial levels 
and aggregations—is available through an online visualization tool 
(https://vizhub.healthdata.org/lbd/ebf), with additional results in 
the Supplementary Information.

Results
Regional, national and subnational trends in EBF prevalence. 
EBF prevalence varied widely between and within LMICs from 
2000 to 2018 (Fig. 1a,b). General increases in mean EBF prevalence 
occurred across LMICs over the study period, from 28.6% (95% 
uncertainty interval: 22.9–35.4%) in 2000 to 38.7% (28.3–49.9%) 
in 2018. Regionally, most LMICs in Andean South America, South 
Asia and East Asia had relatively high EBF levels throughout the 
study period; for example, Peru (63.6% (60.9–66.4%) in 2000; 
69.2% (57.6–79.1%) in 2018), Nepal (64.2% (49.1–76.9%) in 2000; 
64.5% (53.6–74.3%) in 2018) and Mongolia (51.9% (49.3–54.4%) 
in 2000; 55.1% (52.1–58.1%) in 2018) all maintained high national 
EBF prevalence. Several countries in other regions maintained low 
EBF prevalence throughout the study, including the Dominican 
Republic (13.2% (9.7–17.8%) in 2000; 8.2% (4.7–14.3%) in 2018), 

Mapping inequalities in exclusive breastfeeding in 
low- and middle-income countries, 2000–2018
Natalia V. Bhattacharjee1, Lauren E. Schaeffer   2,3, Simon I. Hay   1,4 ✉ and Local Burden of Disease 
Exclusive Breastfeeding Collaborators*

Exclusive breastfeeding (EBF)—giving infants only breast-milk for the first 6 months of life—is a component of optimal breast-
feeding practices effective in preventing child morbidity and mortality. EBF practices are known to vary by population and 
comparable subnational estimates of prevalence and progress across low- and middle-income countries (LMICs) are required 
for planning policy and interventions. Here we present a geospatial analysis of EBF prevalence estimates from 2000 to 2018 
across 94 LMICs mapped to policy-relevant administrative units (for example, districts), quantify subnational inequalities and 
their changes over time, and estimate probabilities of meeting the World Health Organization’s Global Nutrition Target (WHO 
GNT) of ≥70% EBF prevalence by 2030. While six LMICs are projected to meet the WHO GNT of ≥70% EBF prevalence at a 
national scale, only three are predicted to meet the target in all their district-level units by 2030.
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Prevalence of dyslipidemia 
and its association with opium 
consumption in the Rafsanjan 
cohort study
Zahra Jamali1, Mojgan Noroozi Karimabad2, Parvin Khalili3, Tabandeh Sadeghi4, 
Ahmadreza Sayadi5, Faegheh Mohammadakbari Rostamabadi1, Carlo La Vecchia6 & 
Ali Esmaeili‑Nadimi1*

The potential effects of opium consumption on lipid profile remain unquantified. We considered the 
association between opium use and dyslipidemia. In this cross-sectional study, we used data obtained 
from the Rafsanjan cohort study, as a part of the prospective epidemiological research studies in IrAN 
(PERSIAN) with detailed and validated data on opium consumption and selected other exposures. 
A total of 9932 adults were included in the study. Logistic regression models were used to assess the 
relationships of opium consumption with the prevalence of dyslipidemia and lipid disorders. In this 
population, 73.33% had dyslipidemia and the prevalence rates of high TC, high TG, high LDL and low 
HDL were 54.24%, 47.45%, 34.43% and 11.91% respectively. After adjustment for all confounders, 
opium users compared with non-users had lower odds ratios (OR) of high TC and high LDL [0.81 (95% 
confidence interval, CI 0.71–0.92) and 0.80 (95% CI 0.69–0.93) respectively] and greater OR of low 
HDL [1.30 (95% CI 1.04–1.62)]. Longer duration of opium consumption resulted in lower ORs of high 
TC, 0.68 (95% CI 0.55–0.84) and high LDL, 0.82 (95% CI 0.67–0.99), and shorter duration of opium 
consumption resulted in increased odds of low HDL, 1.30 (95% CI 1.02–1.66). High dose of opium 
consumption was associated with an OR of dyslipidemia of 0.80 (95% CI 0.65–0.97), high TC of 0.80 
(95% CI 0.67–0.95), and high LDL of 0.78 (95% CI 0.64–0.96) and low dose of opium consumption, with 
an OR of low HDL of 1.30 (95% CI 1.02–1.65). In relation to route of consumption, opium smoking was 
a risk factor for low HDL with an adjusted odds ratio of 1.31 (1.04–1.63). Opium use was associated 
with selected changes on serum lipid levels, but opium users had higher frequency of cardiovascular 
disease history.

Cardiovascular disease (CVD) is one of the major causes of death worldwide, and its prevalence is increasing 
because the major risk factors of CVD such as hypertension, diabetes, obesity, and dyslipidemia are rising1,2. 
A total of 40–45% of deaths is attributed to CVD3. Atherosclerosis is the main cause of CVD and dyslipidemia 
is one of the important modifiable risk factors4. Proper controlling of lipid levels can reduce the risk of CVD5. 
Successfully management of dyslipidemia risk factors are important in attaining this goal6.

Opium is traditionally used in many South and central Asian countries, including Iran. Iran is one of the most 
important markets for opium due to the easy access to this substance7 and disbelief about its role on diabetes 
mellitus, insulin resistance, and lipid profile disturbances8. A previous study reported that Kerman an eastern 
province of Iran, had the highest opium usage in this country9. Opium is likely to alter the blood lipid levels10–12. 
There are many controversies about opium effects on lipid profile and risk of CVD. Previous reports show that 
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Abstract: Earlier research has suggested that the male reproductive system could be particularly
vulnerable to SARS-CoV-2 (COVID-19) infection, and infections involving this novel disease not only
pose serious health threats but could also cause male infertility. Data from multi-organ research during
the recent outbreak indicate that male infertility might not be diagnosed as a possible consequence of
COVID-19 infection. Several review papers have summarized the etiology factors on male fertility,
but to date no review paper has been published defining the effect of COVID-19 infection on male
fertility. Therefore, the aim of this study is to review the published scientific evidence regarding male
fertility potential, the risk of infertility during the COVID-19 pandemic, and the impact of COVID-19
vaccination on the male reproductive system. The effects of COVID-19 infection and the subsequent
vaccination on seminal fluid, sperm count, sperm motility, sperm morphology, sperm viability, testes
and sex hormones are particularly reviewed.

Keywords: infertility; COVID-19; sperm; SARS; vaccine
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Nurses’ clinical competency and its 
correlates: before and during the COVID‑19 
outbreak
Tian Hui1, Mohammad Ali Zakeri2,3   , Yaser Soltanmoradi4   , Neda Rahimi5, 
Sayed Mortaza Hossini Rafsanjanipoor2   , Majid Nouroozi6 and Mahlagha Dehghan7,8*    

Abstract 

Background  Clinical competency is the ability to integrate knowledge, skills, attitudes and values into a clinical situa-
tion and it is very important in nursing education, clinical settings, nursing management, and crises. This study aimed 
to investigate nurses’ professional competence and its correlates before and during the COVID-19 pandemic.

Methods  We conducted this cross-sectional study before and during the COVID-19 outbreak and recruited all nurses 
working in hospitals affiliated to Rafsanjan University of Medical Sciences, southern Iran, so we included 260 and 246 
nurses in the study before and during the COVID-19 epidemic, respectively. Competency Inventory for Registered 
Nurses (CIRN) was used to collect data. After inputting the data into SPSS24, we analysed them using descriptive 
statistics, chi-square and multivariate logistic tests. A significant level of 0.05 was considered.

Results  The mean clinical competency scores of nurses were 156.97 ± 31.40 and 161.97 ± 31.36 before and during 
the COVID-19 epidemic, respectively. The total clinical competency score before the COVID-19 epidemic was not 
significantly different from that during the COVID-19 epidemic. Interpersonal relationships (p = 0.03) and desire for 
research/critical thinking (p = 0.01) were significantly lower before the COVID-19 outbreak than during the COVID-
19 outbreak. Only shift type had an association with clinical competency before the COVID-19 outbreak, while work 
experience had an association with clinical competency during the COVID-19 epidemic.

Conclusion  The clinical competency among nurses was moderate before and during the COVID-19 epidemic. Paying 
attention to the clinical competence of nurses can improve the care conditions of patients, and nursing managers 
should improve the clinical competence of nurses in different situations and crises. Therefore, we suggest further 
studies identifying factors improving the professional competency among nurses.

Keywords  Study, Nursing, COVID-19, Professional competence
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on their positions, type of hospital, type of management 
governing their workplaces and the wards where they are 
working.

The study results showed an association between shift 
type and clinical competence before the COVID-19 out-
break, as well as between work experience and clinical 
competence during the COVID-19 outbreak. Keshavarzi 
et  al. (2021) demonstrated that the type of shift work 
had a significant relationship with nurses’ overall clinical 
skills in neonatal intensive care units [50] (36). Arshadi 
Bostanabad et  al. (2022) found a positive and signifi-
cant relationship between the clinical competence and 
work experience of the nurses working in the intensive 
care unit who cared for patients with COVID-19 [51]. 
Faraji et  al. (2019) also indicated a significant relation-
ship between work experience and clinical competence 
[40]. Manoochehri et al. (2015) studied the clinical com-
petence among nurses working in the hospitals affiliated 
to Hormozgan University of Medical Sciences in south-
ern Iran and reported that experienced nurses were more 
clinically competent than novice nurses [52]. Liou et  al. 
(2013) revealed that work experience increased clini-
cal competence [53]; Istomina et al. (2011) believed that 
nurses’ experience and training led to their professional 
developments, strengthened their learning, and increased 
their skills [54]. Blomberg et al. (2019) demonstrated that 
work experience insured development of clinical compe-
tency [55]. When allocating patients with sensitive con-
ditions in different wards, including COVID-19, nurse 
managers must remember that nurses with more work 
experiences will be more clinically competent.

However, Bahreini et al. (2011) reported no significant 
relationship between work experience and clinical com-
petence [56]. As studies on the COVID-19 are limited, 
further studies are necessary to determine the correlation 
between work experience and clinical competence dur-
ing the COVID-19 outbreak. Qualitative studies with the 
aim of discovering the roots of unexpected results can be 
useful.

Limitations
This study had some limitations: we studied nurses liv-
ing in a city in southeastern Iran, so the generalization of 
the results to other societies should be done with caution 
due to the cultural and social differences. Another limita-
tion was the economic, social and cultural conditions of 
the participants, which were beyond our control. In the 
review of the literature, it was found that no study was 
found to examine the clinical qualifications of nurses 
during and before the COVID-19 outbreak, so caution 
should be taken in interpreting the results.

Conclusion
According to the study results, work experience can be 
one of the factors influencing the clinical competence 
among nurses. Nursing as a clinical discipline is devel-
oping and nurses are key members in various settings. 
Nurses must maintain their professional competences 
and evaluate and prioritize their clinical competence 
indicators to improve the healthcare system. Evaluation 
of clinical competence is particularly important in criti-
cal situations, which can improve patients’ condition. 
Therefore, we suggest policymakers and nurse manag-
ers recognizing and increasing nurses’ clinical compe-
tences, particularly in critical situations so that they can 
provide more correct and effective care to the patients. 
Future studies should focus on the recognition of factors 
and critical conditions affecting the clinical competence 
of nurses.
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