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Annotation

Penina Olga
Sociodemographic andRegional Disparities of Mortality in the Republic of Moldova
Doctoral Habilitation Thesis in Medical Sciences
Chisinau, 2023

Structure of thesis: the thesis consists of an introduction, six chapters, general conclusions and practical
recommendations, a bibliography (212 references), 18 annexes, 247 pages of the main text, 119 figures and 35 table
The obtained results are published in 41 sciengifipers.

Keywords: mortality, causes of death, regional differentiation, social disparities, marital status, level of education,
excess mortality, epidemiological transition.

Aim of the study: To examine the longerm trends and social and regional défeces in mortality in the Republic
of Moldova in the context of data quality assessment and to develop recommendations to improve mortality
monitoring and reduce disparities in mortality.

Study ds dpTp assessithe quality of population and nlitytelata at the national, sttational and district

levels and to propose the methods of correction of the problematic data; 2) To reconstruct the continuity of mortality
series according to the ICIO in the Republic of Moldova for the period 198320;3) To analyse changes in long

term trends and patterns in mortality by age and cause of death in Moldova and to determine their commonalities an
peculiarities compared to Romania and Ukraine; 4) To evaluate excess mortality by age and main causim of death
the Republic of Moldova compared to the European model; 5) To examine changes in overall aispeamifise
mortality by place of residence (rural/urban); 6) To examine overall and-spas#ic mortality disparities by marital

status and the level efucation; 7) To analyse the geographical profile of life expectancy and mortality by age and
cause of death; 8) To detect clusters of districts with similar levels of mortality by cause of death based on spatia
autocorrelation analysis; 9) To developgiieal recommendations for improving mortality monitoring and reducing
mortality disparities in the Republic of Moldova.

Novelty and scientific originality: 1) Systematization of main data quality issues on population and mortality and
data harmonizationtahe national, suational and district levels; 2) Reconstruction of the continuity of mortality
series according to a fixed classification of causes of death in Moldova irR20265 3) Elaboration of life tables by
socicdemographic characteristicstae national, sumational and district levels; 4) Identification of the vanguard

and laggard supopulations in terms of life expectancy according to the place of residence, marital status, level of
education and geographical area of living; 5) Deterrionaif the components by age and cause of death of the inter
regional differentiation in life expectancy and assessment of their changes over independence; 6) Detection of th
spatial clusters with similar low or high mortality by cause of death basquhtialsautocorrelation.

Scientific problem solved in the thesisThe study presents a new direction in analysing the evolution of the long
term trends and social and interregional differentiation of mortality by cause of death in Moldova, taking intb accou
the assessment of the quality of primary data. The time series of deaths, reconstructed accordiid tiod @z

period 19652020, meet the international requirements of comparability, completeness and regularity of data.
Comparative analysis of thieconstructed series ensures data compatibility across countries over time.

Theoretical significance The thesis represents a comprehensive study of thedomgtrends and social and regional
disparities in mortality by cause of death in the RepublidMofdova, focusing on data quality issues. Changes in
causespecific mortality at the national, sutational and district levels are examined through the prism of the
epidemiologic transition theory and its subsequent interpretations aimed at explaiférendés in mortality trends
and patterns over time and between populations.

Applicative value: The study results can form the basis for strengthening public health policies to increase population
life expectancy and reduce mortality disparities. The tesidlthe spatial analysis of interregional differentiation of
mortality can be applied to regional development policies. The results of the study can be used for research an
teaching in the field of demography and public health.

Implementation of scientific results: The reconstructed mortality series database for the Republic of Moldova has
been integrated into the international database, The Human-GaDsath Database, coordinated by the National
Institute for Demographic Stigk in France and the Max Planck Institute for Demographic Research in Germany.
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ABBREVIATIONS
ATU T Autonomous Territorial Unit
Cl'i confidence interval
CUATM i Classification ofTerritoriakAdministrative Division
CVD cardiovascular diseases
en i life expectancy at birth
FAI i fundamental associations of items
FSU1 former Soviet Union
HCDi1 Human Causef-Death Database
HMD 7 Human Mortality Database
ICD 1 International Classification of Diseases and Causes of Death
IDNP 1 personal identification number
INED 7 French Institute for Demographic Studies
MDLT 7 multiple decrement life table
MH 1 Ministry of Health of the Reublic of Moldova
MITC i Ministry of Information Technology and Communication
Mor amdWi Mor ands i ndex
NAPH 1 National Agency for Public Health
NBST National Bureau of Statistics of the Republic of Moldova
RD1 rate difference
RR rate ratio
SCi Soviet Classification of Diseases and Causes of Death
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INTRODUCTION

Mortality analysisis the primary approacto assessingopulation health imlemography
andpublic healthOverthe centuries, mortality hd®enthe main determinar&ctorof population
change and continues to be so in many developing countrieecent decades$iowever,the
classical demographic analysis of mortality has given way to other phendoteisag on a
positive approach to health and health senjitpNevertheless, the analysis of mortalitgs and
remainsindispensabldor decisioamaking and evaluation of hiéa policies Its importancenas
becomeparticularlycritical in recent yearsasall countries have faced an unprecedented CQVID
19 pandemic. The availability of higjuality mortality data linked to the population register or
the population census hasl l® numerous studiesxaocialand regionadifferences in mortality
trends and patterndMonitoring health inequalities at the district level has become routine
statisticalpracticein many developed countri¢g]. International differences in mortaliggt the
regional level contrasting nationdd o u n d a r iheal#d boundartesare the subject of many
large scaleinternational projectf3, 4].

ADIi sparitieso or Ainequalitieso in healt
outcomes, sch as mortality or morbidity rates, iorthe distribution of health determinarmtsiong
different population groups (e.g., bgx,place of residence, level of education or marital status)
[5]. Socio-demographic and regional disparitiesmiortality within a country or region are well
known in the literaturel-or instance,n France, there is @oticeablemortality gradient between
thesouth and nortf6]. In Italy, infant mortalitytends to increase from north to soytivhile adult
mortality shows adecreasg§’]. In Germany, mortalityates risérom south to north and from west
to easf{8]. In Ukraine, thesoutheastermegionsexhibitthe lowest life expectancy at birfi.

Socioeconomic inequalities in health arery persistent in mancountries, even in the
highly developectountriesof Western Europ¢l0, 11] Significant differences in healtvere
found between socioeconomic groups of the population, with people with lower levels of
education, occupation or incomegaeaterisk of premature death. For example, in Lithuania, life
expectancy is 11.0 years higlier men with tertiary educatiothan for men with only primary
educatior{12].

Health inequalities are due to differences between population gmoepwide range of
health factors such asliving conditions, education, occupation and income; heeldted
behaviours; health care, disease prevention and health promotion services; and public policies th

influence the quantity, quality and distribution of these faqts].
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The issue of high mortality is critical for the Republic of Moldova (or Moldova), which
ranks last in Europe for life expectancy at birth. In 2019, these figures were 66.8 years for mer
and 75.0 years for womdm4], 13.0 and 10.4 yeargespectiely, lower than in France and 12.0
and 8.3 years lower than in Germda$]. High mortality has significant negative consequences
for any country. It accelerates the process of depopulation, devalues investment in education ar
training of skilled workershampers economic growth and limits the possibilities for insuring
pensioner$l6].

The socieeconomic changes Moldova, both during the Soviet period and the period of
independencésince 1991)havestrongly influencedhetrends angatterrs of mortality by age,
cause of death and social characterisiesvious studies on mortality show that, in spite of large
fluctuations in the late 1980s and 1990s, life expectancy at birth in Moldova is at the same leve
as in the miel960s for men ande late 1970s for womga7]. The lack of significant progress
in life expectancy stems from persistent differences in health status between different
demographic, regional and social groups of the Moldovan population. For these reasons, analys
of mortalty at the national level alone is often insufficient to develop effective interventions to
overcome the current public health crisis. Reducing inequalities in population health is the main
objective outlined in all major national and international headtlicy documentsAn effective
solution to the problem of high mortality in Moldova should aim to reduce mortality in a manner
that also addresses disparities between regions and variouslsowgraphic groups

In the case of Moldova,onducting ambjedive analysis of demographic procespasves
to becomplicateddue to thdack of reliable population estimates for the years preceding the last
censuswhich took placein 2014 As a result, there exisen information and scientifigap
regardingghe caant r y 6 s d e mo g r .dnp2b19,a¢he Naiona Burepuroé Jtatistics of
the Republic of Moldova (NBS) publishadnualestimate®f the usual resident populatibased
on the corrected results of the 2014 census. However, official population estimrathe years
prior tothe 2014 censugmain unavailable

Despite a considerable numloéistudiesn the field of mortality analysis in MoldoWaee
section 1.3), no comprehensiveanalyses ofsociodemographic and regional differences in
mortality have been carried out in the context of assessing the quality of primary statistical data.

Theaim of the thesis is to examine the letegm trends and social and regional differences
in mortality in the Republic of Moldova in the context of sadguality assessment and to elaborate

recommendations for improving mortality monitoring and reducing disparities in mortality.

20



Objectives of the study

1) To assess the quality of population and mortality data at the nationaasoibal and
district levels and to propose methods for correcting problematic data;

2) To reconstruct the continuity of mortality series according to10h Moldova for the
period 19652020;

3) To analyse changes in letgym trends and patterns of mortality by age eawse of
death in Moldova and to determine their commonalities and peculiarities in comparison with
Romania and Ukraine;

4) To evaluate excess mortality by age groups and leading causes of death in Moldovz
compared with the European model,

5) To examinechanges in overall and causgecific mortality by place of residence
(rural/urban);

6) To examine disparities in overall and caapecific mortality by marital status and the
level of education;

7) To analyse the geographical profile of life expectancy and cgesgfic mortality;

8) To identify clusters of districts with similar levels of mortality by cause of death based
on the spatial autocorrelation analysis;

9) To elaborate practical recomendations for improving mortality monitoring and
reducing mortality disparities in Moldova.

Thehypothesisof the study is that the high level of overall mortality in Moldova coexists
with significant differences in mortality by cause of death betwederdiit social groups of the
population and between districts. Different population groups at theatidnal and district levels
have progressed differently along the epidemiologic transition pathway, which determines
interregional differentiation and satinequalities in the face of death.

Noveltyand scientific originality:

1) Systematisation of the main data quality issues on population and mortality and data
harmonisation at the national, soational and district levels;

2) Reconstruction of the continuity of mortality series according to a fixed classification of
causes ofleath in Moldova for the period 19@920;

3) Elaboration of life tables by soedemographic characteristics at the national,- sub
national and district levels;

4) ldentification of the vanguard and laggard subpopulations in terms of life expectancy
andcausespecific mortality according to the place of residence, marital status, level of education

and geographical area of residence;
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5) Determination of the components of the interregional differentiation in life expectancy
by age and cause of death asdessment of their changes during the period of independence;

6) Detection of the spatial clusters with similar low or high mortality by cause of death
based on spatial autocorrelation.

Scientific problemsolved in the thesisThe study presents a new apgch to the analysis
of the longterm trends and social and regional disparities in mortality by cause of death in
Moldova, taking into account the assessment of the quality of primary data. The time series o
deaths, reconstructed according to the figtasbsification of diseases for 198520, meet the
international requirements of comparability, completeness and regularity of data. Comparative
analysis of the reconstructed series ensures data compatibility between countries over time.

Theoretical and applicative significance of the thesis The thesis presents a
comprehensive study of the lotgrm trends and social and regional disparities in mortality by
cause of death in Moldova, focusing on data quality issues. Changes ispacie mortality at
the national, suimational and district levels are examined through the prism of the epidemiologic
transition theory and its subsequent interpretations, such as the health transition theory, which ain
to explain differences in mortalityends and patterns over time and across populations.

The results of the study can form the basis for strengthening public health policies to
increase population life expectancy and reduce mortality disparities. The results of the spatia
analysis of interegional differentiation in mortality can have applications in regional development
policies. Thes t u d y 6 san besusead intresearch and teaching in the fields of demography,
public health and public health.

Summary of research methodology and justdition of chosen research methadBhe
study is populatiofbased and transversal. Tobjectof the study is mortality in Moldova. The
subjectof the study is longerm trends and patterns of mortality by cause of death and social and
regional differentiation of mortality by cause of death. The study has tbvets national
(Moldova), subnational (place of residence, marital status, leveboication) and district (second
level of territoriatadministrative division). The study covers fhexiod 19652020 at the national
level and the period of independence (1:2920) at the subational and district levels.

The studyinvolvesthe followingsteps

1) Formulatng the research problem and develogimg research protocol. Collection of
population and mortality data #ie most detailed level for tHéoviet period and the period of
independencge

2) Assessment of the quality of the primarytistecal dataat the three study levels

adaptation or elaboration of the correction methods;
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3) Analysisof the continuous mortality series reconstructed uidBr10 at the national
level by sex, age and detailed cause of death in-2088. Identificabn of age groups and causes
of death responsible for excess mortality in Moldova compared to the European model;

4) Study of the weekly series of deaths from COVID during the pandemic period in
Moldova,;

5) Analysis of mortality disparities by sex, use of death and place of residence
(rural/urban) in 1992020;

6) Analysis of mortality disparities by sex, cause of death and social characteristics (marital
status and educational level) of the population aged 30 years anfibo28032005 and 2013
2014,

7) Analysis of regional differentiation of mortality by cause of death and its changes after
independence;

8) Elaboration of practical recommendations to reduce high mortality and social and
regional disparities.

The study used archival data mortality and causes of death (statistical forms 5, 5b, etc.)
collected from the National Archive of the Republic of Moldova (:2969), the NBS (1970
1990), the depersonsdid database of medical death certificates provided by the NAPH-(1991
2020), the dpersonatied database of the statistical formresn 3 fADeat ho provi
(19982014).The statistical formsam 5 and 5b for 1964990 (deaths by sex, age and cause of
death) were provided by the INED in electronic fornvsle used the continuousamtality series
reconstructed under the ICID for some European countries retrieved from the HCD database for
comparative analysis. The hospital death records were collected from the official website of the
MH during the pandemic period

The study distingishes two groups of methadghe first group includes methoddapted
or developedwithin the studyto solve specificddataquality problems These methods include 1)
the method ofreconstructinghe continuity of mortality series under a fixed classifaratof
diseasesleveloped by Vallin and Mes[48]; 2) the correction ofthe underrecordingof infant
deaths; 3) the correction tife overestimation ofife expectancy at age 60; 4) the redistribution
of deathscoded adise ni | i ty wi t hout mention of psSychos:s
system in the 1990s. Thgetof methods and the corresponding data quality assessment were
presented in Chapter 3.

The second group includes the demographic datistical methods used to analyse the
reconstructed mortality series after preliminary corrections at three leividle study abridged
life tables with 95% G, standardsed death rates by direct or indirect methods with 9385tke
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method ofdecompaing thedifference in life expectancy (a stepwise replacement metyiathal

( Mo r ande&)sand local (LISA) spatial autocorrelatidhematic maps and LISA mapk
accordance withnternational recommendations, mortality disparities by place of mesade
marital status aneéducationalevel wereanalysedusing absolute (rate difference) and relative
(rate ratio) measures with 95% Cls. Treé&rence groups were thebanpopulation the married
populationandthe population witthigher education.

Implementation of scientific resultsThe database of reconstructed mortality series for
Moldova has been integrated into the international database, The HumaroEBes¢h Database
(HCD, https://www.causesofdeath.orgitmin/main.php), coordinated by the Rol Institute for
Demographic Studies (INED) and the Max Planck Institute for Demographic Research in
Germany. The HCD database presents reconstructed series for 16 industrially developed countrie
including Moldova. The created database ensures comlitgrabmortality data by cause of death
in Moldova over the period 196520 and between Moldova and other countries for which the
mortality series have been reconstructed.

Approbation of scientific results The main results of the thesis wgreesented at the
following international and national scientific conferences: European Population Conference 2022
(29 Junei 2 July 2022, Groningen, the Netherlands); the 11th International Conference on
Population Geographies (27 August 2022, Tokyo, pan); IUSSP International Population
Conference (80 December 2021, Hyderabad, India); European Population Conferen28 (25
June 2014, Budapest, Hungary):; I|Internation
observable reality and visions of thd fur e 6 dedi cated to the 25th
Demography (31 Octobér 1 November 2013, Moscow, Russia); XXVII IUSSP International

Population Conference (ZBL August 2013, Busan, South Korea); the National scientific

conference with internato n a | participation AOne Heabth
November 2021, Chisinau); National scientif
Calitate, E x c el e 2Hbctolidr 2021 ,eChisinau); riCangrdss dedidat2dato th
75t h anniversary of the establishment of th

Testemitanuo of t h e2l-BeQutoberl 2020, GhisingulMterinadianal a (

conference fiEconomic growt h 1213 Otobee2022;,ds1@ i t i

October 2021; 186 October 2015; 167 October 2014; 278 October 2013, Chisinau).
Publications on the research topi@ he results of the thesis were published in 41 scientific

papers, including two monographs, five articles in intional journals, 15 in national journals,

five in the proceedings of international conferences held abroad and six in the proceedings of th

international conferences held in the Republic of Moldova.
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Summary of chapters of the thesi$he thesis consists gix chaptersconclusions and
recommendations, a list of references @8@nnexesChapt ers 3, 4, 5 and
section. Each chapter ends with the main conclusions.

In the first chapter we described the epidemiologic transition theory proposed by A.
Omran, the main theoretical framework to explain the@mnm trends in causgpecific mortality.

The interpretations of the theory wesealysedwith a focus on the health transition thgor
proposed by Vallin and Meslé. The results of the studies on social and regional disparities ir
mortality in the FSU countries wediscussedThe death registration system and codification of
causes of death in Moldova after WW Il was examined.

Thesecod chaptempresentedhe material and methods used in the stddye population
and mortality data wereollectedat the national, subational and district levels. A set of
demographic and statistical methods was described with particular attentiospgatibémortality
analysis not applied by other researchers in Moldova earlier.

The third chapterassessedhe population and mortality data quality at the national,
subnational and district level®riginal methodseitheradaptedr elaboratedwere pesented to
overcome the demographic data quality probl@ine quality of official population estimates
during the Soviet period and after independence was examined. The impact of different types a
population estimates on overall mortality at the natideaél was presented:he quality of
population data at the sutational and district levels for the period of independence was examined.
Particular attention was given to mortality assessment and the correction methods for infan
mortality rate and life gxectancy at older ageShe effect of infant and oldge mortality
corrections on life expectancy at birth at the national level was siidwerr.econstruction of the
continuity ofthe death time series undédre ICD-10 in Moldova for the 1962020 period \as
presented. The problem of mortality growth fromdidifined causes of death in the 1990s was
examined, and the correction method was suggested at the national, subnational and district leve

Thefourth chapteilexamined the reconstructed mortalitynle and patterns at the national
level between 1965 and 2020. First, changes in life expectancy assgeggc mortality rates in
Moldova were compared to those in Ukraine and Romaniacdhtibution of mortality trends
by ageand causef death tothe changes in life expectancy at birth over the deterioration and
improvement period&/asshown.Trends in agetandardied death rates by main cause of death
and sex in the three countries since 1965 weadysedMortality trends by detagld cause of death
in Moldova were examined across four age groups: less than one year and children and adolescel
aged 114 years old, young adults aged3% years old, mature adults aged6fyears old and
older adults aged 65 years old and over. Wegkhds in mortality from the COVHL9 infection
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in Moldova between 18/03/2020 and 19/04/2022 were examined based on individual hospital
death records. The excess mortality due to COWDand the impact of the pandemic on life
expectancy at birth in 202@&ere presented. Excess mortality in Moldova compared to the
European model was examined based on the multiple decrement life tables.

Thefifth chapterwas dedicated to analysing mortality disparities at thenstional level
during the period of indepdence.According to international recommendations, absolute and
relative differences in mortality weranalysedfor overall and causspecific mortality. The
differences in overall and causpecific mortality wereanalysedby place of residence
(rural/urkan), marital status and level of education. Mortality disparities by place of residence were
estimated for the whole period of independence and four different subperiods: the period of
deterioration ffom 19911993 to 20032005, the period of improvemer{from 20032005 to
20142016, recent change$r¢m 20142016to 20172019 and the COVIBR19 pandemic (2020).
Mortality disparities by marital status and educational level vaeadysedfor the two periods
surrounding the two censuses conducted in 200£2@hd. Life expectancy at ages 30 and 65 by
sex, marital status aretlucatiorievel were estimated for the periods 2&I®5and 20132014
Mortality rate difference and rate ratio with 95%s@iere estimated by leading and some detailed
causes of death fahe adult population aged 30 years and over.

The sixth chapterexamined the regional differences in-edluse and causpecific
mortality. Geographical profiles of life expectanby age and searound the 2014 census were
presentedThematic maps oftandardied death rates from all causes by broad age groups were
shown. The difference in life expectancy at birth between Moldova and each administrative unit
was decomposed by age groups or main causes of death. The difference in life expectahcy at bir
between the municipality of Chisinau and the most lagging districts was decomposed by age an
cause of death. Thematic maps of standaddileath rates from main and some detailed causes of
death were examined. Thyobal and local spatial autocorrelatioesults of mortality analysis
were presentefbr overall and causspecific mortality Finally, the evolution of regional mortality
differentiation since independence was examined over-199% 20022006 and20122016
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1. POPULATION HEALTH REFLECTED IN MORTALITY TRENDS,
PATTERNS AND DISPARITIES (LITERATURE REVIEW)

1.1. Epidemiologic transition and healthtransition theory
The demographer and social hygienist Abdel R. Omran introduced the concept of the
epidemiologic transitio in 1971 to explain the rapithcreasein life expectancy at birth
accompanied by drastic changes in cagpecific mortality pattethat occurred in Western
Europe between the mitBth century and the late 1960s of the 20th certL®y. Later, many
scientists, including Omrahimself, revised the thegrand it has becomthe main theoretical
frameworkfor explainingmortality trends angatterns

According to the concept of epidemiologic transition proposed by Omran, all the countries

sooner or later go through threlagessf t he evol uti on of mortalit
faminedo, when mortality is very high, and |
age of Areceding pandemicso, when | ife expe
year s; 3) the age -mdde dekigemegadsd veh em dmamratne

tends to stabide at a low leve]19].

Vishnevshy describedthe epidemiologic transition athe replacement of he Aol «
mortality model iheeskende bfthe épidesmwlogicrmansition is that once a
society has reached a certain level of development, there is a rapid replacement, relative t
hi storical standar ds, of one pattern of di
mortality pattern, infectious and respiratory diseases and malnutréglated diseases occupy an
essenti al pl ace. I n the aetiology of the 0fc¢
The fAnewd mortality pattern ideathcdaused mantydy b
endogenous factors associated with natural senility and theeladed decline in vitality20].

In the 1960s, thencreasein life expectancy at birth sloweoh many industrialised
countries However, itresumedn Western countesin the 1970s due to a massive reduction in
cardiovascular mortality, known asthec ar di ov a s ¢ u[R13d To ekptain thdsaihedltto n 0
improvements, Olshansky and Ault extended the concept of the epidemiologic transition, adding
a ff o u rAtcobrding goehe authors, this stagecalled the fiage of delayedlegenerative
d i s e and ischabactesed by a redistribution of deaths from younger to oédgsr groupswith
no change irthe pattern otauss of death[22]. Later,Rogers and Hackenbecglledthe fourth
stageheii h'y b r i s which is isdreasgq@ydnfluenced by individual behaviours and lifestyles
[23].
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According toVallin and Meslé,even after itsrevision by Olshansky and others, the
epidemiologic transition theory does not explsomeexceptional situationthatoccurredin the
world in the last decades of tR@th century and at thbeginningof the 21st century[21]. First,
in Eastern Europencludingthe FSU countriesthe cardiovascular revolutiadhat gave a new
impetusto the increase ifife expectancy in Western countries in tt@0s did notake place
Second, irsubSaharan Africa, the secosthgeof the epidemiologic transition hast yetbeen
completedbecause othe spread of AIDS and tliesurgencef old infections.

Olshansky et alproposed the introduction effifth stageto explainthe global spread of
HIV infectoni it he meegence of i nfecti[ySheainaenpar a
attempt to include a sixth stagelledii h e a |l t H25]f or al | o

According to Vallin and Meslé@ddingnew stages to the epidemiologic transiti@tomes
increasingly artificial. The authors agree with Frenk and his collea@&¢swho suggestd
replacing theepidemiologic transition witthebroadefi he al t h t r a mtsoducedby n 0
Lernerin the early 1970s. Compared to the epidemiologic trangitieary, the health transition
concept is moreomprehensive becaugexplainschanging causepecific mortality patterni
the context okocial and behavioural changes. Howev&llin and Meslé not thatFranklinds
work was purely theoreticabnd lackedconcrete historical examples. Basedamanalysis of
historicd mortality trends indifferent countries, Vallin and Mesléewedthe health transition as
a succession ophases of divergence and convergeimcenortality. According to theauthors
advances ipublic health inevitablJead todivergentrendsin mortaity asthewealthiest segments
of the populationfirst gain access to new benefi®ich as bettesocial conditions, medical
advances otifestyle changes. Thergs the lessaffluent populatiors becomeinvolved in the
modernisation processhe phase ofmortality convergence and its homogsation in society
begins[21].

Vallin and Mesléarguethat from the 18th century to the presenthere have beetwo,
perhaps even threstagesof health transitiorworldwide In the firststage the first dvergence
and convergencie mortality trendsoccurredin European countriegetweenthe second half of
the 18th century and thenid-1960sof the last centuryOmr an 6 s  thdepidemiplogio f
transition describes this stage of the heaftimsition in which the reduction in mortality from
infectious diseasgdaysacrucialrole inthe progress dife expectancy.

The second stage of the health transitefers tca newphase of divergingiortality trends
thatbeganin thelate 1960sbetween East and West, between the socialist and capitalist worlds.
During this stage, a spectacular increase in life expectancy in Western cowaisieginly

associated wittthe control of chronic noacommunicable diseasesspeciallydiseasef the

28



circulatory systemin contrast, Central and Eastern European countries, incltiténgpublics of
the FSU, experienced unfavourable mortality trends for several de¢adgsFollowing the
economic and political transitions in Central Europe in the la®&04,9manypostsocialist
countriesbegan to showa steadytrend towardsconvergence with Western countriddfe
expectancygrowth recovered in the Czech Republicl®0, in Poland in 1992in Hungary in
1994 andn Romania in 199728]. Amongthe FSU countries, the BalticStateswvere the first to
show signs ofmproving population health ithe mid1990s butsince 2000 there has beszme
divergence between the three std®§. Studies show thaubstantial gains life expectancy in
these countriebave been madpossibleby significant reductiosin cardiovascular mortalitin
working andolderage.

Als there a |Iimit to the increase in |if
countri es?0 Iigsestions eccupyindemdgmphensatodd30]. Some of the most
developed countries, such as France and Japan, have entered the third stage of the health transit
i slowing down the ageing process. Researchsrseaving open theeserves forfurther life
expectancygrowth neoplasms, senility or other diseapZy.

1.2. Convergence and divergence of mortality trends in European countries in the light

of the health transition theory

By the mid1960s, life expectanciesdhaeonverged in the industriaéd world,marking the
end of the first stage of the health transifidh]. The successful reduction leigh mortality from
infectious diseases during the first stage waslepossibleby massive, loncostand effective
preventiveinterventionsFigure1.1 shows the evolution of life expectancy at bsthce 1959n
five countries: Moldova, Romania, Ukraine, the Czech Republic and Fiisparities in overall
mortality in the five countrieswere reduced to a minimum by 19@specially formen. At the
beginningof the period, the health statustbé Moldovan and Romanian populatsmrespecially
females, was relatively worse than in the other counthiekeed, in 1959, thdifferencein life
expectancy at birth betwedmesewo countries and Ukraine was more than 4.0 years for men and
even more than 6.0 years for womBespitethe initial poor health conditionall-causamnortality
in Moldova and Roraniahad fallen rapidly by the mid960s.Subsequently fidegener at
manma d e d i, & dedireceby Omraj81], emerged as a new public health challenge in the
developed world. Under the new conditions, Western countries developed a new pubtic heal
strategyto promote healthy lifestyteand preventhe majorrisk factors associated with chronic
noncommunicable diseases, first and foremost cardiovascular diseases.

At the same time, the countries of Central and Eastern Europe, incthdifR§U, have

entereda long period opopulation healtlleterioration. The steadycreasen life expectancy in
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Francesincethe 1970s contrasts sharply with the rapid deterioration in population health in Eastern
Europe (Moldova and Ukraine) and the stagnatio@@mtral Europe (the Czech Republic and
Romania). The new wave of divergence in mortality trends between the West and the East

between the capitalist and communist states, indicated thddstiigg second stage of the health

transition.
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Fig. 1.1 Life expectancy at birth in five European countries since 1959
Note: For Ukraine in 2012020, data exclude the temporarily occugigditoriesof the Autonomous Republic of Crimea, the
regions of Donetsand Luhansk.
Source: Moldova (1952020)i calculations based on the NBS data; Romania (1961, 1963, 196520988 calculations
based on the National Institute of Statistics data, https://insse.ro/cms/en; Ukrain2@08%0Meslé and Vallif32]; Ukraine
(20072020)i calculations based on the State Statistics Service of Ukraine data, Frareéluman Mortality Database,
https://www.mortality.org/

Soon after the collapse of the communist regime, the advers¢giondrends in mortality
werereversed in most countries Central Europ¢27]. The Czech Republic and Poland were the
first countries in the regioto experiencex sustainedncrease ifife expectancy{28]. Romania
experienced a decline in life expectancy at bimimediately after thd989 revolution and the
collapse of the communist regime, followed by sustained progress sincé83297

In Moldova and Ukraine, life expectancy fluctuated without much progress, either during
the Soviet period or after independence. The-aobhol campaignlaunchedby the Soviets in
1985led toa significant bushortlived increase in life expectandetweenl985and1989. After

proclaiming independence in 1991, thealth of thepopulation inboth countriesdeteriorated
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rapidly. Shoriterm gains inlife expectancy at the end of the 1990s did not indicate a reversal of
theunfavourabldong-term trendForMoldovan males, the situation remained stagnant until 2010,
followed by moderate improvements. For Moldovan femalegeadyincrease idife expectancy
started in 2005 and, as for males, accelerated after 2010. In 2019 (66.6ity@as)nly one year
higher than in 1965. Female life expectamgyreased b¥.0 years over the same periogaching

75.0 years in 2019.

Demographerbaveemphassed that the gap betwedme FSU countries and thé&/estern
world is not generahndconcernsa specific range of causes of death and age g{@dpsThese
groups can be considered risk groups responsible for the high mortalitythese countries
compared to Western countries. The risk groups can be identified by comparing the mortality
pattern in a problem country with that of\destern country or an average model calculated for a
group of countries with high life expectancy.elselectedVestern country or model issedas a
threshold, and exceeding it can be considasmkcessnortality [35].

Researcherbave highlightedwo key features of the contemporary mortality mdtiek
underle the historical backwardness of the F8ompared toWestern countries: very high
cardiovascular mortality among midetigedpeopleand very high mortality from external causes
of death among young and middigedpeople[36]. These two causes of death halayed a
crucialrole in the longtermnegativetrend in life expectancy and its temporary fluctuations during
the antialcohol campaigmf 1985and the socieconomic crisis of the 1990s in Ukraifg2],
Belarug[37] and the Baltic countrig®9]. Severaexplanations for the lorterm negative trends
in life expectancy in the region have beproposed including psychosocial stress, income
inequality, inadequate medical care, unhealthy lifestylegaalules of the political and economic
system [38]. Risky patterns of alcohol consumption, especially among men, contribute
significantly to the life expectancy gaetween East and Wg89].

Whenexaminingcausespecific mortality over éongperiod, methodological issues related
to the changes in codinggmticesneed tobe taken into accountn all countries, the analysis of
long-term mortality trends is complicated byeaksin the timeseriesof deathsnduced bythe
periodic revisions of the classificatiah causes of deatlin rare cases, the respdnis statistical
office practices a double classification of causes of death during one or two trayesdie his
practice makes it possible wse the observed transition coefficients to redistribute deaths
classified according to the items of an oldssification among the items of a new classification.
However, in most cases, including in p&stviet countries, such a double classification is not
available and it is necessary to find a way to estimate the transition coeffi@eptsst Vallin

and Meslédevelopedsuch a methothased on French datend reconstructethe time series of
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causes of death according to the detailed-BCiD 19251978 [18] and later according to the
detailed ICD9 [40]. This methodhas beersuccessfullyappliedto reconstruct causef-death
mortality series for different countriess/er differenttime periods the Soviet Union for the period
19701987[41], Russid42], Ukraine[32, 43] the Baltic countrieR29], Belarud37, 44] Armenia
and Georgig45], the Czeh Republic and Western Germg#dg], Poland47].

1.3. Autochthonous contributions

The hgh level of mortality in Moldova is one of the most urgent segiedical and
demographic problemi&cing Moldovan society Among the numerousscientific studiesin the
field of mortality in Moldovacarried out at thélicolae Testentanu State University of Medicine
and Pharmacyye can mentiorthoseon maternal and infant mortality conducted Gi. Paladi
[48, 49] the sociomedicalaspect®f mortality in old ageby D. Tintiuc [50], the epidemiological
aspects of malignant neoplasms hyGFejdeanthe studyof mortaity related tocerebrovascular
diseasedy E. Zota and L. Spingbl], the medical and social aspects of mortalityhe urban
working age population by @ozan[52], the medical and social aspects of mortafitthe rural
working age population by NBologan[53]. E. Raevschistudied theevolution of premature
mortality from different diseases of the circulatory systém]. C. Etco et alstudiedthe evolution
of mortality among children agedIB years in 2002008 compared to 2003005[55].

V. Moscalu et al. estimated mortality indicators, including by cause of death, in Moldova
in the context of European statistifty 20052010 [56]. Shortterm trends in morbity and
mortality by cause of death were examined by R. Gramma [e7&l Severalstudies on hospital
mortality have beertonducted. G. Ghidirim et al. anagd hospital mortality in traumatic liver
injury according tahelevel ofinjury and surgicalreatment methofb8]. Ustian A.et al. studied
hospital mortality from tuberculosis retrospectively based on a sample of 818 cases in the
municipality of Chisinay59].

O. Gagauz et al. have recently conducted several studies concerning the evolution o
mortality in Moldova during independenf@0i 62]. V. Stirbaassessedvoidable mortality from
cardiovascular diseasf3], . Pahomii et al. examined trends in mortafitym external causes
of death[64]. C. Matei studied the evolution of demographic processes in Moldova after
independencg65], V. Sainsus examined the territoradministrative aspects of the Moldovan
population[66], A. Grozav studied the evolution ¢fe demographic processes in rural areas over
80 yearg67]. A numberof scientific papersvere devotedo the mortality caused byhe COVID
19 pandemic in Moldova. I. Mereuta et sfudiedthe morbidity and mortality associated with
COVID-19 in 202068]. I. Pahomii studied the regional aspects of COMMDmortality [69].
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1.4. Socialdisparities in mortality

Studiesof socialdifferences imrmortality arecrucialas they provide valuable information
on the risk factors associated with health disparities. Mamyiest in different countries over
differenttime periodshave been devoted mortality inequalities by different social characteristics
such as the place of residence (urban/rural), marital setusationalevel, occupation, ethnicity
and othersFurther, wepresentthe main methodological issue$ these studies and the main
results focusing onthe FSU countries.

Froma methodological point ofiew, two different types of studies socialinequalities
can be distinguished. The first type refers to research based on unlinked mortality and populatio
data. For example, ithe FSU countries, including Moldova, during the Soviet perithe
statistical offices produceatlditionaltables on thelistribution of deaths by social characteristics
such as marital statusglucationalevel and ethnicityor a few years around the census year. Based
on routine mortality statisticandcensus datasocial disparities in mortality wer@nalysedver
differenttime periods inRussia[70], Estonia[71, 72] and Lithuania[73]. The second types a
censudinked studyor a studybased on population registets. this case, a death certificate
recorded by a statistical office is linked to an individual cefmus, and information on the social
characteristics of the deceassthken from the census data

To our knowledge, the only studigsoviding evidence on social mortality differentials
based on censdmked and censusnlinked data in Eastern Europe come from studies in
Lithuania and Estoni§74i 76]. Shkolnikov et al. estimated the difference in life expectancy
produced based on cendirked and unlinked mortality estimates in Litinia in 20012004. The
authors concluded that unlinked data overestimate mortality in disadvantaged groups anc
underestimate it in advantaged groups. The differences between thattwsourcesere much
morepronaincedfor educational attainmethanfor marital status. For example, life expectancy
at age 3(dor Lithuanian males with higher education was 47.02 yaecsrding to theinlinked
dataand45.28 yearsccording to thdéinked data On the other hand, lifexpectancy at age 30
among males withHessthan a secondary education was 32.34 years based on unlinked data
compared t@4.42 years based on linked dathediscrepancyvasmuchsmallerfor marital status
[75].

Jasilionis et al. examined the registratiothafethnicity of the deceased in Lithuania based
on census and death registry information. The autlewesaledhe underestimation of deatft
Russian, Polish and other ethnicities and the overestimationLithuanian ethnicity.
Consequently, this bias led to tinederestimation ahortality rate ratios among the thraenority

ethnic group$74].
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In unlinkedcensus studies, the informationthe social characteristics of tdeceaseds
obtained fromtwo different source$12]. On the one hand, the distribution of deaths by social
characteristics is based on death records provided by a relative of the deceased (proxy informan:
On the other hand, the distribution of population counts by the same doaratcteristics is
provided by individuals during the census. This mismduobwn agsheii n u me-d @b o mi n a't
bias can be avoided in censlisked or longitudinal studies.

Jasilionis and Leinsalkhowedhat the effect of numeratalenominator bias @mngel over
time. The authors compared cenduked and unlinked mortality estimates by educational level
in Estonia in 2002003and 20122015. Their results showed that the impact of the bias on the
unliked data was negligible in the first period butr@ased considerably in the second period.
particular, mortality was overestimated by-2&8% for the population with higher education and
notably underestimategdr the population with secondary educatj@6].

Both censudinked and unlinkedtudiesof social disparities ithe FSU countriesire rare
and, to our knowledgédiave only beermarried out in Russja.ithuania and Estoniduring the
period of independence. Studies dedicated to mortality analysis waribited in the former
Soviet Union for ideological reasons, and researatliersiot haveaccesgo the statistical tables
produced by the statistical officE7]. Andreev and Dobrovolskaya produced the fxdimates
of life expectancy by education amdhnic group in Russia in 19938]. They showed that
mortality was inverselyelated to yearsf education anthatthe differences between educational
strata were as large as in otli®velopedcountries. Later, Shkolnokov et al. concluded that
educatimal disparities in mortality in Russia in the late 1980s and 1990s were similar to those
observed in other former communist countsesh asdungary or the Czech Republin addition
the educational differences in Russian mortality werdestantiafor accidental causes of death
andfor infectious and respiratory diseas¢g9]. The authors concluded that these educational
differences in causspecific mortality in Russianay bepartly related to educational differences
in alcohol consumption.

Jasilionis et alexaminedsocicdemographienortality differentials in Lithuania in 2001
2004 usingcensudinked data. The authoshowedhat a lower rislof deathwas associated with
married marital statugnd higher education. On the other hand,di¥pectancy at age 3@as 10
11 years lower fonevermarried divorced and widowed maldéisan formarried males. The gap
was even more pronounckdtweerthose with more than secondary educatindthose with less
than secondary educati¢h2]. For Lithuania, it was alseshownthat the unemployed and the

economically inactive population hagignificantly higher mortality risk, especially for infectious
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and respiratory diseasd80]. More recent studies for Lithuania showed an increase in
socioeconomic iaqualitiesin mortalityin 20052007, with adecreasén later year$81, 82]

Leinsalu et alfoundasignificantincrease in social differences in mortality in Estonia after
the collapse of the Soviet Unidrased on censuslinkedmortality data[71, 72]. Between 1989
and 2000, ethnic differences in life expectancy at birtstoniaincreased from 0.4 to 6.1 years
for males androm 0.6 to 3.5 yearsor females[72]. The same authors showed a tremendous
increase in educational differences in mortality over the same period. Mortality declined
considerably among those with a university education but increased amsewith the lowest
educatioal level[71].

At leastthree types of health inequalities by place of residbiave beemliscussed in the
literature. Some studies have pointed to an urbeal mortality gradient, with higher mortality
rates in urban areas than in rural areas in developed countries suaflaaglEleland and the
Netherland$83]. As industrialsation progresses, certain population groups in these countries tend
to be in poorer health. For example, in Northern Ireland, urban areas were less healthy than rur:
areasin terms ofrespiratory disase and lung cancer, suggesting that pollutionmsjar factor
[84]. At the same timepeople living incapital cities, such as.ondon, may benefit from a
protect i v eo[8fk Gtherstudidhaveshdwariniersemortality gradient when rufra
populations were in poorer heatttanurban populations (a rurakrban gradient). These mortality
differenceswere found in posttcommunist countriessuch asLithuanig for all-cause and
amendable mortalit{86, 87] In the United States, since the rii@i80s, there has been a growing
discrepancy in mortality between rural and urban counties and a systematic disadvantage of rur:
all-cause and majarause mortality88, 89] Finally, complex differentiation can be chatersed
by a Ushaped relationshjwith the lowest mortality rates in semiral and semurban areas and
the highest in large cities and remote rural af88s Urbanrural differences in mortality may
vary by age groug-or example,ecent evidenckom Germany, England and Wales suggests that
urban excess mortality among tbieler populatiorshifts towards rural excess mortality with age
[90].

In Moldova, no studiebBave been conducted populationlevel differences in mortality
by marital statusrad educational level

1.5.Regional mortality disparities

1.5.1. Regional mortality disparities and causes of death

Severabtudiesof regional mortality differencdsave beewgonducted ithe FSU countries,
includingUkraine, Russia, Belarus and the Baltic States. Poniakina studiesgtbealdiversity

of causespecific mortality patterns in Ukraine over three periods: the Soviet period before the
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collapseof theUSSR (19881991), the period othe population healtbrisis (20022003 and the
recoveryperiod (20072010) [9]. The first periodocusel on the yearsaaroundthe Soviet census
of 1989, the secondn the yearsaroundthe first postindependence censa§2001, and the third
on the postcensusannualpopulaton estimates. The authdrstinguishedhe groups ofregions
according totheir agespecific mortality profiles. The first groupincludedthe regions with the
most favourable agspecific mortalitypatternin western Ukraine. The second grongludedthe
southeastermregions,wherethe agespecificmortality profileis the mostunfavourable Finally,
other regiondell into the third group with low infant mortality biliigh mortality in other age
groups The leading western regio$ Ukraine hadmuch lowerold-agemortality, indicatinga
more advanced epidemiologiqalbrtality model Theregional variatiorof mortality in Ukraine
between the leadingesterrregions andhelagging eastern regiofigr malesor thesoutheastern
regionsfor femaleswaschiefly relatedo circulatory system diseasasdexternalcauses of death.
Deaths from injury and poisoning accounted for a statistically signifgaatientin mortality
between théeNest and the rest diikraine Mo rinalex,@visich measures thglobal spatial
autocorrelationwasthe highest or ext er nal C a u s e s At thé sardectime, h
cancer mortality did ndbllow a specificregional profile but wakighest amondemales living
in Kyiv.

The case of Odesa, which borders Moldasagf particular interest. In this regipthe
situationwas very unfavourable fofemales dudo increasedmortality from circulatory system
diseases and external causes of ddatineover female mortality from digestiveystem diseases
and infectious diseas@sshighest in this regionf Ukraine In contrastlife expectancyor both
sexeswas highest in the Chernivetskagion ofwestern Ukaing which borders th@orthern
districtsof Moldova(Briceni, Ocnita)

A group of FranceRussiandemographerstudiedthe regionaldiversity of causespecific
mortality trends and patterns in Rusiiathe periodsaroundfour population censusesndudted
in 1970, 1979, 1989, and 19941]. They found aclear division between the southwest and
northeast in terms adverall mortality and caussepecific mortality. The authorgdentified two
major geographical clusters whetre data for all four periosiwere aggregatedrhe firstincluded
western and southern European addRussiaandwasextended by a southwesteSiberian belt
along the bordewith KazakhstanThe secondlusterconsisted othe rest of Asian Russandthe
north-easterrpart of European Russia. Not omias altperiod mortalitysignificantlylower in the
first cluster than in the second, but these largeclusters alsoepresentedwo different cause

specific mortalitypatternqd91].
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Danilovaconducteda geographical malysisof mortality by cause of death in Russia a
part of herPhD thesis[92]. The authorconcludedthat a decrease in interregional mortality
inequality had not accompanied the recent increase in life expectancy in. Rustsia other hand
theredudion in mortality from circulatory system diseasamong theolder populatioroccurred
differently from one region to anotheaccentuating thdivergence between them. Mosc@aint
Petersburgand the North Caucasus republicsontributed the most to thisinterregional
differentiation[92, 93] The twomajor cities and the North Caucastepublics formed cluster
with a much higher life expectancy and a more advanced epidemiological mautetieyn
Mortality related to injuries and poisoningmong young and middleaged adultsand
cardiovascular mortality among tineiddle-aged were responsible for a tiee in interregional
mortality differentialq92].

Grigoriev et al. demonstrated thée regionaimortality differencesin Belaruswere not
very dramaticbut have increaseth recent yearspr i mar i |y bec aw®wengof
advantage over theest of the country94]. This discrepancy wasnked to diverging trendsn
mortality from external causes of death betweencttee u n tapitalansithe Brest oblast, on the
one hand, and other regions, on the other. Mortality fomeulatory systendiseasesmainly
accounted fothe overall discrepancypetween the capital and the rest of the country. As in the
case of Ukraine, mortaliselated to neoplasms disbt have anyparticulargeographical profilén
Belarus. Another interestinfinding is a northsouth mortality gradient for respiratory system
diseases in Belarus and Ukrairehe authors explain thisortality gradientby geographical
differences in climatic conditions, the proximity of industrial centresewen by regional
differences irdiagnogng medicalcauses of deafl®, 94]

Kalediene and Petrauskiene analysegionallife expectancy patterns 55 administrative
units inLithuaniaoverthreeperiodsbetween 1988 and 19985]. The most favourablsituation
occurred inthe big towns and the resort town of Druskininkdihe princi@al causes of death
responsible for the regional differentiation of mortality in Lithuania are the sainelAdgaine,
Russia and BelaruKalediene and Petrauskiene demmatsd thatmortality associated with
external causes of death awdculatory system diseasentributed the most to regional
disparitiesn life expectancyMoreover thesehealth inequalitiesvere correlated witleducation,
marital status andrbangation. On the other handhe authors foundo associatiorroncerning
the allocation of healthcaresources unemployment andgome other economicwell-being
characteristics

Regional mortality information is increasingly available in many countiiége data

enablesresearchers tshift from internationalmortality comparisonsacrosscountries to large
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scale studies on crossuntry disparitiesin mortality, consideringthe large differenceswithin
countries. Forexample it was found that th@reasalong the Belarusidithuanian border,
particularlythose on the Belarusiande suffered greatlyrom the conditionsrelated tancreased
alcohol consumptigrsuch adiver cirrhosisanddeaths provoked by acuaécohol posoning[3,
96].

Very few studies on regional mortali§isparities were carried out fdvloldova. In
previous studiesagauz and Pahomii demonstrated higher mortality rates in central districts
compared to the rest of the couri@{]. Central and southedistricts were more affected in terms
of premature mortalitydue to theCOVID-19 infectionthanthe municipality of Chisinau and
northern district$69].

1.5.2. Administrativeterritorial division of the Republic of Moldova

After the Second World War, the Republic of Moldova became part of the USSR (MSSR)
and adopted the Soviet type of administrateeitorial division. According to Cornea, in 1948,
the Supreme Soviet of the USSR liquidated the counties daljeds damdtfarmed 60 districts
calledil r a y. Subgequently, the number of districts was reduced to 46 in 1950, 35 in 1959 and
18 in 196397]. In the 1970s and 1980s, the number of districts increased to 33 in 1975 and 40 in
1989. A district consisted of locaés of different types, such as villages, united into village soviets
ori' s el 6 s ktowyns andtonetypesettlementsdrp osj ol ok g o Towrs svdeed g 0
also differentiated depending on the subordination level. According to the census abmalucte
1971, the total number of localities (towns, tetype settlements and villages) was 758, of which
705 were villages. In 1985 the number of localities increased to 885 due to an increase in rura
(817) and urban (68) localities. According to the &stiet census conducted in 1989, the country
was divided into 40 districts, four town soviefis o r o d s k) presensed by €hisinau, Balti,
Bender and Tiraspol and six republican subordinate towns (Dubasari, Cahul, Orhei, Rabnita
Soroca, Ungheni). Aarding to the 1989 census, there were 11 towns under district subordination
in Moldova 49 towntype settlements and 831 village sovi{88]. In 1990 the Supreme Soviet of
MSSR approved the Decision to change and restore the names of some localitidagad v
sovietg99]. For example, the Suvorov district was renamed the Stefan Voda district, the Kotovskij
district to the Hincesti district and the Lazo district to the Singerei diEtO6X.

Following the proclamation of independence in 1991, Moldm@pted the Soviet type of
administrativeterritorial division. In 1994, the law on the territorsdministrative division was
adopted, under which the country consisted of 38 districts, four municipalities (Chisinau, Bali,
Bender and Tiraspol) and Autamous Territorial Unit (ATU) Gagauzia with a special status

[101. The countryods administrative division \
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into bigger judedbunBiee sveeal 18897 and 20002, the
the municipality of Chisinau, ATU Gagauzia and Transnistria. In 2003, the district division was
taken back, and the country was represented by 32 districts, the municipalities of Chisinau an
Balti, ATU Gagauzia and Transnistria. Following the return taltbgict-based division in 2003,

the districts of Cainari and Vulcanesti, which existed prior to 1999, were not restored. The Cainar
district was split between Causeni, Anenii Noi, Cimislia and laloveni. However, much of the
district, including the citypf Cainari, was assigned to the Causeni district. Since 1999, the districts
of Comrat, CeadLunga and some localities of the Vulcanesti district, including the city of
Vulcanesti, were merged into the ATU Gagauzia. Other localities of the Vulcanestt ¢bated

the Cahul district.

Republic of
Moldova
|

I T — T 1
Mun. Mun. Districts ATU L
Level II [Chisinau] { Balti ’ ‘ (32) ‘ Gagauzia [Trzmsmstrla
|
I 1
Cities Villages
Level I [(munjcipalities)J { (communes)

Fig. 1.2 Two levels of the administrativeterritorial division of the Republic of Moldova
Source: based di02]

A

Vinnytsya

Fig. 1.3 Geographical location of the Republic of Moldovaand its administrative-territorial
division
Sourceaut hor 6 s basédofil@3f at i on
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Figurel.2 presents two levels of the administratteeritorial division of the countryillages
and cities belong to the first level, and villages can be joined into communes. The second leve
corsists of 32 districts, the municipalities of Chisinau and Balti, ATU Gagauzia and Transnistria
[102]. Transnistria comprises the municipality of Bender, the municipality of Tiraspol, Camenca,
Grigoriopol, Ribnita, Slobozia and a part of the Dubasari distliransnistria, located in the
eastern part of the country, announced its independence in 1990, urseddgnthe Moldovan
authorities. A military conflict broke out in 1992. Official statistics do not include the data referring
to Transnistria from 188 onwardsGeographically, the northern, central and southern regions and
Transnistria stand out in the country. Figli®shows the map of Moldova according to theosec
level of the administrative division with three geographical regions.

1.6. System of death registrationrand causes of deatin Moldova after WW -

1.6.1. System of death registration

In the USSR, the rules for registering vital events were established afteiite
Revolution, when the church registration functions were transferred to specially established unit:
known as ZAGS [Registry of Acts of Civil Statilsa pi s 6 akt ov gr ajzZA@Xa n s k
is an administrative office responsible for registerirthki deaths, marriages, divorces and other
acts referring to the legal statli®©4]. The death must be registered within three days following
the event. After a death, relatives of the deceased must obtain a medical certificate of death fror
the medicalnstitution in charge and submit it to the ZAGS. In exchatiye deceased's family
members receive a civil death certificatea burial permit and a legal document. The ZAGS then
sends the medical death certificate to the regional statistical office.

In the USSR, besides a medical doctor, death could also be certifiddlbiger a medical
assistant who had an intermediate position between the nurse and the medical doctor. However,
a forensic medical examination was required, a death certificatesaedi only by a medical
doctor (e.g., violent death, abortion out of the medical unit, death of a child out of the medical
unit). Consequently, two types of death certificates existed during the Soviet period: the certificate
issued by a medical doctor,dwn as a medical death certificate of death and the certificate issued
by a feldsher, known as a feldsher death certificate. To our knowledge, the Ministry of Health anc
the TCSU of the USSR issued orders to approve the death certificate ifl09541965 [106]
and 1984107].

The USSR, including the MSSR, adopted a certificate of perinatal death for stillbirth after
28 weeks of gestation and death & @ays in September 197B08]. During the Soviet period,
the perinatal death certificate was issuetl9i4 and revised in 1984. Usually, a case of perinatal

death was confirmed by a medical doctor, including in rural areas, if at least two doctors were
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present. If only one doctor was in a rural setting or s/lhe was absent, a feldsher or midwife whc
assistd delivery or treated a child had the right to certify a perinatal death. Stillbirths were
registered based on the perinatal death certificate, while the registration of deaths-@tdays 0

was based on the medical birth certificate and the perinati dertificate. Before the perinatal
death certificate adoption in 1974, stillbirths were recorded based on a special certificate of
stillbirth adopted in 1966. Before 1974, deaths recorded during the early neonatal period were
registered based on a meadliteldsher death certificat.should be noted that the introduction of

the certificate of perinatal death in 1974 was accompanied by a rise in infant deaths, which varie
from one republic to another. In our study, it will be shown that in Moldovanaiderable
increase in infant mortality rate occurred a year before, in 19734sgen3.2.1.1).

In the Soviets, three types of death certificates issued by either a medical doctor or &
feldsher were as fol,aonwvs ii fipsrieaa tdnd onfafr pyroe | iTnm
forms were used for the perinatal death certificate. The last two types were used when a case
death was unclear and additional time was required to define th@dstahortemdiagnosis.

Along with a civil death certificateZAGS issued two identical copies of a death record
known as a civil status acalft grazhdanskogo sostoiaior administrative and statistical
purposes. The practice of making two copies of a civil status act was enacted by the Soviets i
1926[109]. The first copy was kept in ZAGS, while the second was transmitted to the regional
statistical office with medical death certificate regularly for data processing. In the MSSR, the
processing of second copies of civil status acts was produced at the CIatisiical
Administration or TCSUTsentr al 6noe st al Based oncskoersl lcapies ol p r
civil status acts and death certificates, the TCSU of MSSR compiled different statistical forms
according to the instructions of the TCSU of ti8SR. The TCSU of the MSSR used death
certificates (medical, feldsher or perinatal) to codify causes of death under the Soviet Classificatior
and to prepare statistical tables on causes of death.

The TCSU of the USSR made various attempts to solve théepralf undetregistration
of births and deaths, which had a considerable degree in some FSU republics, especially in Centr
Asia and the Caucasian countries. The central statistical office conducted @mtuall checks
on the completeness of the reqsion of deaths and births. The first control check took place in
the Northern Caucasus in 1933 on the initiative of the local authorities. Nevertheless, a unique
concept was adopted by the Soviets only after 1948 and could vary depending on the place ¢
residence (urban or rura[l10]. In the archives of the NBS, we could find the following
description of control checks. In urban settings, individual death and birth records were collectec

in hospitals and maternity units, whereas in rural settings, tleeg extracted from scalled
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household registerpphozeaistvennaia knigarhe death and birth records were compared with
ZAGSO0s corresponding civil status acts. I n
one control check, but this proporiaould be increased to 20% in some republics.vilteges
were selected according to the special instructibasTCSU of the USSR prepareshich could
differ from year to yea In rural settingsgeath and birth registration completeness verified

for the whole calendar year, whereas in urban settings, only for the last ffuEtter

Table 1.1 Check of the completeness of births and death registration iMoldova in 1971

a) Rural areas (number of villages = 73)

Records registered inthe household register Records not registered by ZAGS
Births Total deaths Infant deaths Births Total deathg Infantdeaths
5172 2171 114 11 0.2% 7 (0.3% 3 (2.6%9

b) Urban areas (number of medical units = 42)

Records registered by

medical units Records not registered by ZAGS

Births | TOtal Infant Births Deaths Infant deaths
deaths | deaths Residents | Foreigners | Residents | Foreigners| Residents | Foreigners
5865 972 146 56(1.0% | 301(5.1% | 6 (0.6% 47 4.8%) | 2 (1.4% 8 (5.5%

Source: TCSU of MSSRarchived data}112]
Table 1.1 shows the results of an annual check of the completeness of birth and death

registration by place of residence in Moldova in 1971. The results of this official annual check
were found in the archives of the NBEL2]. The findings suggest that in rurattsegs, 11% of
births, 7% of deaths and 3% of infant deaths were not registered by ZAGS. In urban settings, th
difference was made between local and foreign residents. Most unregistered birth and deat
records were attributed to foreign residents thetorresponding documents did not explain their
origin. For both types of residents (local and foreign), the proportion of wadestration was 6%
for births, 5.5% for deaths and 6.8% for infant deaths. However, it will be shown in our study
(section3.21.1) that theactual degree of underegistration of infant deaths in the early 1970s was
much more severe than the situation described by the official controls, particularly in rural areas
Thus, according to our estimates, the proportion ofnegrstere infant deaths in 1971 was 42%
in rural and 33% in urban settinfisL3]. Indeed, the official correction coefficients based on the
annual control checks in MSSE&annotbe used when assessing the quality of infant death
registration. Another approach neé¢d$e found to overcome this problem.

In Moldova, the death registration system has not chasggdficantly during the period

of independenceHowever substantiathange$ave occurred in managingal statistics, such as
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establishinghe StatdPopuldion Register(SPR)in the mid1990s[114]. Figurel.4 illustrates the

circulation of medical death certificates in Moldova since the late 1990s.

Before 2015 After 2015
Death certificate . Death certificate |
Certificat de deces | Certificat de deces
Part 1: death Part 2: notification Part 2- notification

certificate

Civil registration office®

Civil registration office®

State Population State Population
Register™* Register®*
(Part 1) Bulstin statistic pentru dsces

National Bureau of Statistics (NBS)

National Bureau of Statistics (NBS)

Death certificate

Death certificate
(Part 1) (Part 1)
| v

National Centre for Health Management™*** National Agency for Public Health***

L . *Ministry of Tustice
*Ministry of Justice L . —
**Ministry of Information Technology and Communications ::{»hm:m f’f Information Technology and Communications
*#*=Mimstry of Health Ministry of Health

Fig. 1.4 Circulation of medical death certificatesin Moldova after independence
Source: authoros el aboration

The State Il nf ormati on Resource Centre
Information Technology and Communication (MIT@aintainsthe SPR. The latter provides
information on Moldovan citizens, foreign citizens and stateless persons residingdavio
permanently or temporarily. The personal information contained in the SPR is linked by a persona
identification number (IDNP). The IDNP has 13 numbers and is assigned to an individual on the
first record (birth or the first border crossing). The Pkemains unchanged afterwards and is
withdrawn from the SPR in case of death or permanent departure.

The following orgarsations are involved in the circulation of medical death certificates:
1) NBS; 2) theMinistry of Justice supervises the districtichegistration offices3) theMinistry
of Information Technology and Communications oversees the Centre for State Information
Resour ces 4)iheNatona Agenaydar Public Health functions within the Ministry of
Health and is in charge of thesstics on causes of death.

Making two identical copies of civil status acts adopted by the Soviets remained valid after

independence. Presently, however, the two copies are for administrative use only. Instead, in 199
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the NBS introduced four new ststical forms named the statistidatm [Buletin statisti¢: No. 1

(ABi Ne.h o)fiD&Na4 h©f Mar r Noabg e(ofi)Diavnodr ced) . The st
was completed based on the medical death certificate and included 17 sociodemograhiés vari
and the deceasedods | DNP. The statistical fo
level of education, marital status, occupation and ethnicity. The underlying cause of death was nc
mentioned in the statistical form. In 2015, the Ni&8celled these forms but received direct online
access to the State Register of Populdtld®].

After independence, the medical death certificate was reviewed in[196Band 2004
[117]. The system of death registration is as follows at prg3éi{. Only a medical doctor can
issue a medical death certificate after examining the body. In some cases, such as a death a
hospital or violent death, a forensic autopsy is obligatory. Thikoaledeath certificate has a serial
number given by the MITC and includes the
divided into two parts. One part i1 s given t
registration office witin three days. In exchange, they are provided with a civil death certificate.
The medical institution sends the other part of the medical death certificate (a notification) to the
civil registration office. The civil registration office checks the pathefmedical death certificate
presented by the deceasedds relative amd th
case of death is recorded whhba two parts match. Otherwise, the civil registration office informs
the police. This practicguarantees that all deaths in the country are registered. The civil
registration office transmits the informat:.
I't also sends the medical deat h certthisfo c(aun
2015) to the NBS for data processing.

Further, the NBS checks the correctness of the medical death certificates and transmit:
them to the National Agency for Public Health (NAPH), which is responsible for codifying causes
of death under ICEL0. The NAPH holds an electronic database of medical death certificates from
1991. The orgasation is also in charge of transmitting the aggregated statistics on causes of deatf
to the NBS for publication and dissemination.

The perinatal death certificateused for stillbirths and deaths that occurred six days after
birth and stillbirths. A forensic examination is compulsory to complete the perinatal death
certificate. In our study, we had access to the depersedatiatabase of the medical death
certificaes from 1991 provided by NAPH. We also used the depersedalatabase of statistical
formNo3 @A Deat ho pr o ®Gincd2084, theWBRBedareto puliBish mortality statistics
according taheeventand registration dateét the same time, theortality data by cause of death
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produced by the NAPH based on theegistration dateThe two data sources diffelightly (about
0.1%.

1.6.2. Classifications of causes of death in Moldova after WW

In Moldova, 78% of the population lived in ruiaeas, according to the census conducted
in 1959. In the USSR, the coverage of mortality data by cause of death was incomplete until the
late 1950s because only medical doctors were authorized to certify a cause of deaths[Hl7]
result, thesystem of causef-death death registration could not function properly in rural areas
over the early Soviet period due to a considerable shortage of medical ddoteeser, in1958,
the Ministry of Health of the USSPassed aew orderwherebya feldshe could issue the death
certificatein the absence of a physiciaAs a result, in1959, the share ofleath certificates
completed by feldsher in rural areas was 1B&ter, this proportiordeclinedto 56% in the1980s
[32].

Thelnternational Classificain of Diseases and Causes of Death (IG@3% never directly
used in the USSphut theSovietClassification(SC) based on ICD wassed The first revision of
the SC was adopted in 194P]. The SC was revised sevemes twice beforeWWIl and five
timesafter. Table 1.2 summarizeghe revisions to th&C from1955.The number of causes of
death in the SC varied depending on the revision between 1152)Shd 210 (S®5).

During the Soviet period, the medical death certificate distinguished three causes of death
the underlying cause, the immediate cause andaheiloutory cause. The TCSU of the MSSR
codified causes of death based on the underlying cause and annually prepared statistical tables
the distribution of deaths by sex, age groups, place of residence (total/urban/rural) and cause
death (statisticatable No. 5). Until 1988, the information about deaths from some dangerous
infectious diseases (cholera and plague) and deaths from injuries and poisoning (suicide, homicic
and occupational accidents) were excluded from statistical Xabl® and preserd in statistical
tableNo. 5b. To maintain the correct totals for all causes of death ink&bl®, deaths from these
Ahi ddenod causes wedeefiinreadl ucdaeuds eisro .t Be siidlels
certificates issued by a medical doctofeldsher based on testimonial evidence were also coded
under this item. Any publication of mortality data, especially cafisteath mortality statistics,
was prohibited in the USSR from 19[/47].

Somecauses of death presented in statistical form 5kalisdcred status. In the MSSR,
all statistical tables were compiled manually until 988n computerized data processing was
introduced. Statistical tables 5 and 5b were changed to teilea8d table 4 (deaths by sex, age
and place of residence) ®42. In our study, we used statistical tables 5 and 5b for the Soviet

periodafter preliminarily excluding he hi dden caus-defbhedéathss
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Table 1.2 Classification of causes ofleath used in Moldova during the Soviet period

. Short Number

Years Title title of items Age groups

1955 1952 Soviet Classification SG52 | 116 0,1, 2, 34,56, 7-13, 1415,

1964 16-17, 1819, 2024, 2529,
30-39, 4049, 5059, 6069,
70+

1965 | 1965Soviet Classificatiofbased | SG65 | 210+13* | 0,1, 2, 3,4, ®, 1014, 1519,

1969 on ICD-7) 20-24,252 9, 84, &0

1970 1970Soviet Classificatiofbased SG70 | 185+10* 0,1,2,3,4,%, 1014, 1519,

1980 on ICD-8) 20-24, 252 9 , 8084, 85+

1981 | 1981Soviet Classificatioffbased | SG81 | 185+10* 0,1,2,3,4,9, 1014, 1519,

1987 on ICD-9) 20-24,252 9, 84, &0

1988 1981Soviet Classificatiomevised | SG88 | 175+10* 0,1,2,3,4,%, 1014, 1519,

1990 | for deaths from injury and 20-24,252 9, -84,

poisoning (based on IGB)

Note:* An additional number of items from external causes, according to the character of trauma
Sourceaut hor éds el aboration

Between1991 and 1995, two statistical institutionprepared causef-death mortality
independentlyThe NBS continued to codify causes of death under th8& @ hile the NAPH
codified causes of death under [©@DThe medical death dédicates were transmitted physically
by the NBS to the NAPH. Since 1996 the NAPH has been the only institution responsible for
codifying causes of death after adopting KCO[118] (Tablel.3). In our studyweillustrated that
the double codification of causes of death between 1991 and 1995 wasgeotige case of
bridged coding practised by some countfssesection 3.2.2)

Table 1.3 Classification of causes of death used in Moldova after independence

Number of Responsible
Years Title items/ ICD respon Age groups
institution
level
19911995 1981 Soviet Classification 175+10* NBS 0,1,2, 34,8, 1014,
revised for deaths from injury 1519, 2024, 252 9 ,
and poisoning (based on ICY) 80-84, 85 and over
19911995 |ICD-9 4-digit code |NAPH Exact age
Sine 1996 |ICD-10 4-digit code Exact age
Note:*An additional number of items from external causes, according to the character of trauma
Source: authorbés el aboration

Data quality of causes of death

The TCSU of the USSR madseveralattempts to assess the quality of the mortality data
in terms of their completeness aacturacyin diagnosinghe medicalcause of deathn the early
1970s,a new directive concerning the control checks of the accuracy ofmétkcal death
certificatewas issued119]. The general idewasas follows. The national statistical office and
medicalpersonnel annually selected the medical / feldsher death certificates from different medical

facilities and then comparethem with the corresponding informatiom the medical
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documentation (postortem report, patient medical card, etc.). Careful consideratsgiven

to the underlying cause of death. The death certifiszatronsidered erroneous if the underlying
causedid not correspond tahe primary diagnasis from the medical documentation or if an
incorrect lineof the death certificatevas chosenTypically, 10-15 medical death certificates and
15-20 feldsher death certificates were randomly selected at a medicalheiitformationabout
theunderlying immediate and contributory causes of death and some details about the decease
(sex, aganddate of deathiverecompared based aeath certificates and medickicumentation

Working with the archived documentatiowe could find thefindings of one of such
control checks[120]. In 1972, the TCSWf the MSSR randomly selectd@8 death certificates
from nine medicalnstitutionsin differentcountry districts In 63 case$49.2%) the underlying
cause matched thimarydiagnosismentioned irthe medical documentation. In eight cases, the
primary diagnosis from medicalocumentation did not correspondtte underlying cause of
deathfrom the medicaldeath certificat€6.3%) In 13 cases, physician selectethe wrong line
in the death certificate for the underlying ca(®@.2%) In othercasegq44 cases)therequired
medical records werenavailable odid not contain a poshortem clinical summaryin such a
way, nearly 35% of medical death certificates wereveoified because dheabsencef medical
documentationwhile thepercentage of errors was 16%.

Meslé et al. pointed to thresxtensivestudies on the quality of death registration during
the Soviet pgod conductedn Russia, Belarus and Turkmenistan. The fatstdy occurredin
central Russia in the early 196@se secondh different regions of Russia in 197&nd thethird
in Belarus and Turkmenistan in 198982. The threestudieswerecarried outasdescribed above
for the MSSRFirst, theunderlying cause of deatbgisteredn themedicalcertificate was compared
with the primary diagnosismentioned inthe medicadocumentatioror autopsy reportThen the
accuracy ofcodifying the underlying cause of death wasecked The proportionof errors was
evaluatedfor medical diagnosis andauseof-death codification The shareof diagnostic errors
varied betweer6.6% in Belarus in198%11982 and 12.7%in Russiain 1979 The proportionof
codificationerrorsranged frond.1%in Belarus in19811982to 17.7%in Russia inl960[42, 43,
32].

Although the results of the control check for the MSSR in 1972 were based on a relatively
small number of observations, theyughly corresponded tthe study results conducted in other
parts of the USSRL.o our knowledge, nivestigationon the quality of causef-death registration

wasundertaken itMoldova after independence
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1.7.Conclusionsfor Chapter 1
1. The epidemiologic transitiotheoryproposed by Omran is the main theoretical framework
to explain theincreasein life expectancy and the drastic changes in age causepecific
mortality profiles that occurred in developed countries between the naifiidle 18th century and
thelate 1%0s. Subsequennterpretation®f the theoryhaveattemptedo explain the changes in
the second half of the last century andegbdy21st century. In our study, we accepted the theory
of the health transitignaccoréng to which all countries go through phases of divergence and
convergence in mortality trends.
2. In the mid1960s, aldevelopedtountries, including the FSU countriesmpletedhe first
stage of the health transition due teubstantial reductiom mortality from infectious and acute
respiratory diseasesspeciallyin infancy. In the 1960s, differensdn life expectancy at birth
between the countriegsereminimal, and degenr at i v e -mameé O0f rddmsinatadsthe s
causespecific mortality patterr-rom the 1970s onwards,&tern countries resumadustained
increasan life expectancy due to a massive reduction in cardiovascular mqréaddgmpanied
by a shiftin deahs towards older ages. These improvements contrasted sharply with a continuing
deterioration in the health of tlp@pulation inCentral anceastern European countries. In Central
European countriesigns ofa cardiovascular revolution and susizd life expectancy growth
began to emergafter the collapse of the communist regime in the late 1980s and the early 1990s.
In someFSU countriesincluding Moldova, progresdid notbegn until 2005.
3. In the FSU countries such as Ukraine, Belarus, Russia and lattia,circulatory system
diseases and deaths due to injury and poisongrgthe main determinants of changes in life
expectancy at the national level ahe interregional differentiatiomn mortality. Mortality from
external causesvhich in these cournies iscloselylinked tohazardouslcoholconsumptionhad
a morecritical effecton geographicalisparities than cardiovascular mortality.
4. Educationalevel and marital statusave a significant impact amortality disparities in
the FSU countries, such as the Baltates The censusunlinked studies may overestimate
mortality rates in the most disadvantagedialgroups, especiallpy educational attainment
5. The codification systenof causes of death oldova during the Soviet period was the
same as in the USSR. The Soviets ubedSovietclassification of causes of death based on the
revisions of the ICDTheaccuracy ofliagnosingmedicalcauses of death in Moldova was more
or less satisfctoryandsimilar to thain otherEuropean countries of tl&SU. After independence,
Moldova adopted ICED, buttwo statistical institutions codified causes of deatl19891-1995
according to theSG-88 and ICD9. After the adoption oflCD-10 in 1996, medical death

certificateswerecodified byonly onestatistical body.
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2. DATA AND METHODS
2.1.Data

According to the studyds objectives, th
national,subnationaland district levelsNationally, cata wereanalysedor the 19592020 period.
Subnationaly, the mortality analysis was carried out depending on the place of residence
(rural/urban), marital status and level of educatidre mortality analysis was done at the district
level according tot h e second l evel of t he courmrstryd
municipalities, ATU Gagauzia and Transnistrig¢esection1.3.2) The analysis period for the
subnationaland district levels varied depending on the variable and data availabiliavmaits
included the years around the last two censuses conducted in 2004 and 2014.

Further, weprovide detailed information otihe population and mortality datallected
accoding to three study levelBopulation and mortality data for other countries used in the study
are described separately.

2.1.1. Populationdata

Table2.1 gives information orthe collected population daky sex and age according to
threestudylevels.

Table 2.1. Population dataused in the study: national sub-national and district levels

No.] Time | Type | Descriptionofvariables | Source | Comments
National level
1. 19592004 | Intercensal | Sex: male/female Penina, According to the HMD
estimates Age: 0,1,2,3...110+ Jdanov, methodology (see
(HMD-like Grigoriev section3.1.1), without
data) [121] Transnistria since 199
2. | January 1, | Annual Sex: male/female NBS Postcensus estimates
201421 estimates Age: 0,1,2,3...85+ usual resident
population, without
Transnistria
Subnationallevel: the place of residence
3. October 5, | Census Sex: male/female NBS Respondent
2004 Age: 0,1,2,3...85+ population, without
Area: urban/rural Transnistria
4. | January 1, | Annual Sex: male/female NBS Postcensus estimates
201421 estimates Age: 0,1,2,3...85+ Usual resident
Area:urban/rural population
Subnationallevel: marital status
5. | October 5, | Census Sex: male/female NBS Respondent
2004 Age: 15, 16, 17, .... 85+ population, without
Marital status: single, legally Transnistria
married, union, divorced,
separated, widowed
6. | May 12, Census Sex: male/female NBS Respondent
2014 Age: 15, 16, 17, .... 85+ population, without
Marital status: single, legally Transnistria
married, union, divorced,
separated, widowed
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No.| Time | Type | Descriptionofvariables | Source | Comments
Subnationallevel: the level of education

7. | October 5, | Census Sex: male/female NBS Respondent
2004 Age: 1,2,3...70+ population, without
Level of education: higher, Transnistria

secondary specialized, secondg
general, general obligatory,
primary, no primary, illiterate

8. | May 12, Census Sex: male/female NBS Respondent
2014 Age: 1,2,3...70+ population, without
Level of education: higher, pest Transnistria

secondary vocational, secondar
vocational, upper secondary,
lower secondary, primary,
without education

District level
9. | Januaryl, | Annual Sex: male/female NBS Postcensus estimates
19911995 | population | Age: 04,59,...70+ including Transnistria
estimates Administrative units44
10. | October 5, | Census Sex:male/female NBS Respondent
2004 Age: 0,1,2,3...100+ population, without
Administrative units35 Transhistria
11. | 2004 Census Sex: male/female Respondent populatio

Age: 0,1,2,3...100+
District: Transnistria

12. | May 12, Census Sex: male/female NBS Respondent populatio
2014 Age:0,1,2,3...100+ and adjusted usual
Administrative units35 resident population,

without Transnistria

Source: authoros elaboration

The quality of population data was verified at the nationakrattonal and district levels
and equired preliminary processing in some casesggeton3.1). The author computed annual
intercensal estimates for 20@014 at the national levelsed on the cohecbmponent method
[122]. Gagauz recently published similar results concerning the erisat population estimates
[123].

The classification of territorighdministrative division (CUATM) during the independence
period was changed 991, 2003 and 2009 (ssectionl.3.2). Weanalysednortality according
to the second level of the administrative division for three periods:-1993 20022006 and
20122016 We relied on the population structure in 1993, 2004 and 2014 with some adjustments
described in Chapter 3. According to the tagi censuses, the division was the séuiediffered
from the one in 19998. Thedistricts of Cainari and Vulcanesti existed under the 1991 CUATM
but were not restoredn terms of the 2003 CUATMWe attributed theCainaridistrict to the
Causenddistrict and theVulcanestidistrict ATU Gagauzia. The same assumption was made for
deathcountsin 19911995

The population censuses conducted in Moldova in 2004 and 2014 did not cover

Transnistria. In this region, the census was conducted independently inrR0@OE5. In our
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study, we had the results for the first pogtependence census in Transnistria, while the data for
the last census was unavailable.

Birth counts by sex, age and place of residence (rural/urban) for the2@2@5eriod were
collected from the National Archive of the Republic of Moldova (124989, unpublished), the
archive of NBS (1971979, unpublished) and retrieved from NBS website for 1Z&PD0,
https://statistica.gov.md

2.1.2. Mortality data

For the Soviet period (1958990), the mortality data exist only at the national level. The
original statistical forms 5 and 5b regarding the distribution of deaths by seandgtetailed
cause of death were collected. The French Institute for Demographic Studies fifdkided the
corresponding computerized statistical forms. Some mistaigsticaltables were computerized
by the author based on the original tables colteetiethe National Archive of the Republic of
Moldova and the archive tieNBS. Additionally, statistical forrd (deaths by sex, age and place
of residence) and form 4a (infant deaths by sex and age) were collected and computerized by tt
author for 19590.

For the period of independence, mortality data were collected at the natidnadtionaland
district levels. Twodatabasesf individual death record&ere used in the study. The first is the
database of medical death certificates (form 106/e) provided by the NAPH. The second is the datas
of statisticalform No.3 i D e aprotidied by the NBSThe first database covers the period 1991
2020, while the smnd covers the period9982014. As mentioned earlier (ssection2.1.2),
statisticalformswere completed based on the medical death certificate

For everydeath record in thBIAPH databasethe followinginformationis given 1) year of
deathregistration2) theexact date of death (yeanonth and dgy 3) the exact date of birth (year
month and day 4) sx; 5) the underlying causes of deataccording tahe 4-digit ICD-9 code
(19911995 or ICD-10code(19962020) 6) dstrictcodeo f t he deceased®s pl
locality codeof thed e ¢ e aptaeedfGresidence.

The following variables were retrieved from tN8S databasel) year of death registration;
2) the exact date of deathgar, month and day3) the exactlate of birth year, month and day
Hex;5)local ity code of t he ;d®enadshausapnevermarreed e o
(single);b) married(with a distinction between the first marriage and the second and higher order)
c) divorced; d) widowed; e) unknowid) level of educationa) university; b) incomplete higher
education; c) secondary special; d) secondary general; e) general obligatory; f) primary; g) withou

primary; h) analphabet
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Even though the statisticdbrm No. 3 includes other variables such as ethnicity or
occupational statudut the share of undeclared status for these categories was very high. For
example,in 2014,95 % o f death records had, which mide @¢d wn 0
impossible to analyseortality disparities for this social categoAt the same time, the share of
death records witlthe unknown marital statusvas less than 2%and the unknown level of
educatiorwasless thar2.5% For this reason, the study analysed social dispaatesrding to
three categories: place of residence, marital status and educational attainment.

Since the NBS database does not include data on the underlying cause of death, it wa
merged with the NAPHlatabas®f medical death certificate$he two databases were joined by
the following variables: sex, the exact date of death (day, month and year), the exact date of dea
(day, month and year) and locality code. In such a way, it was possible to atififremces in
causespecific mortality by marital status and the level of educatiiter the linkage, the
proportion of unlinked records varied between 5% in 22aB4and 15% in 2002005. Unlinked
death records were those with no corresponding cafudeath, i.e., a death record in the NBS
databasdor which a correspondingnatch was not founth the NAPS databas&/e applied an
additional linkage for both periodsybsequently deleting one variable except for sex (e.g., without
adding locality code)After theadditionallinkage,the proportion of unlinked records wasy
(less than 1.5%)Deaths with an unknown cause (unlinked death records) were redistributed
proportionally by sex, age and social category (marital status or educational level).

Regonal mortality data for the districts of Cainari and Vulcanesti in 1B®d5 were
processed as described above for the population data. We grouped d2a@&2id06by district
based on the locality code, according to the 2003 CUATM classification. In such a way, the
mortality data in20022006 corresponded to the population data under the 2@04us In the
same way, we processed the mortality dat20ih22016to correspond to the 20Jlekensudased
on the 2009 CUATM classification. The CUATM revised in 2003 and 2009 at the second level of
the administrative division did not change. In suahag, population and mortality data over the
three periods were aggregatadcording to the same administrative division covering the
municipalities of Chisinau and Balti, 32 districts, ATU Gagauzia and Transnistria. Mortality data
for Transnistria was available only for the second period at the level of main groups of causes o
death.

Table2.2 represents the datasets tabulated from the &BSNAPH databasésr the period

of independence at the natiorsljpnationaland dstrict levels.
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Table 2.2. Mortality data used in the studyat the national, sub-national and district levels

No. | Time Description of variables | Source Comments
National level
1. 19651970 Sex:male/female; TCSU of Data provided by
Age: 0,14,59....85+; USSR INED
Cause of death: S65
2. 19711980 Sex: male/female; TCSU of Data provided by
Age: 0,14,59....85+; USSR INED
Cause of death: S@0
3. 19811990 Sex: male/female; TCSU of Data provided by
Age:0,1-4,59....85+; USSR INED
Cause of death: SB1 revised in 1988
4, 19911995 Sex: male/female; NBS
Age: 0,14,59....85+;
Cause of death: S81 revised in 1988
5. 19911995 Sex: male/female; NAPH
Age: 0,1,2,3...100+;
Cause ofleath: 4digit ICD-9
6. 19962020 Sex: male/female; NAPH Without
Age: 0,1,2,3...100+; Transnistria
Cause of death:-digit ICD-10
Subnationallevel: the place of residence
7. 19911993 Sex: male/female; NAPH
Area: rural/urban;
Age:0,1,2,3...100+;
Cause of death:-digit ICD-9
8. 20032005 Sex: male/female; NAPH Without
20142016 Area: rural/urban; Transnistria
20172019 Age: 0,1,2,3...100+;
2020 Cause of death:-digit ICD-10
Subnationallevel: marital status
9. 20032005 Sex: male/female; NAPH ; Two databases
Age: 30,31,32...85+; NBS were merged by
Marital status: single, married, divorced, widowe sex, date of death,
unknown; date of birth and
Cause of death:-digit ICD-10 locality code.
10. | 20132014 Sex: male/female; NAPH ; Two databases
Age: 30,31,32...85+; NBS were merged by
Marital status: single, married, divorced, widowe sex, date of death,
unknown; date of birth and
Cause of death:-digit ICD-10 locality code.
Subnationallevel: the level of education
11. | 20032005 Sex: male/female; NAPH ; Two databases
Age: 30,31,32...100+; NBS were merged by
Level of education: sex, date of death,
Higher, incomplete higher, secondapecialized, date of birth and
secondary general, general obligatory, primary, 1 locality code.
primary, illiterate;
Cause of death:-digit ICD-10
12. | 20132014 Sex: male/female; NAPH ; Two databases
Age: 30,31,32.100+; NBS were merged by
Level of education: sex, date of death,
Higher, secondary specialized, secondary gener date of birth and
general obligatory, primary, no primary, illiterate; locality code.
Cause of death:-digit ICD-10
District level
13. | 19911995 Sex: male/female; NAPH Including

Age: 0,1,2,3...100+;

Administrative units44

Transnistria
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No. Time Description of variables Source Comments
Cause of death:-digit ICD-9 code

14. | 20022006 Sex: male/female; NAPH Without
Age: 0,1,2,3...100+; Transnistria
Localities (in 2004)1475
Cause of deatht-digit ICD-9 code

15. | 20122016 Sex: male/female; NAPH Without
Age: 0,1,2,3...100+; Transnistria
Localities (in 2014)1417
Cause of death:-digit ICD-10 code

Note: The number of localitiemcludesthe localities wherdeaths were recorded.
Sour ce: aut hordos el aboration

Death countat the sulnational (place of residence, marital status and level of education) and
the district levelwere aggregatedccording to a short list of causes of death presentédble
2.3. The ill-defined causes of death wereliminaily redistributed between other causes of death
by a special method. The problem ofdifined causes of deaththe national, sulmational and
district levelsand how it was addressed aescribed irsection3.2.3

Table 2.3. A short list of causes of deatlused at thesub-national and district levels with the
correspondinglCD-9 and ICD-10 codes

Causes of death ICD-9 ICD-10
1. Infectious diseases 001-139 A00 to B99 U07.1
2. Neoplasmdncluding: 140-239 C00 to D48
Digestive system neoplasms 140-159 C00 to C26
Respiratory system neoplasms 161-165 C30to C39
Breast neoplasms 174175 C50
Genitourinary system neoplasms 180-189 C51 to C68
Other neoplasms 170173, 176190208, | C40 to C49, C69 to D4¢
210239
3. Circulatory system diseas@s;luding: 390459 100 to 199, G45
Heart diseases 390429 100 to 152
Cerebrovascular and other circulatory 430459 160 to 199
diseases
4. Respiratory system diseases 460519 JOOto J98, U04
5. Digestive system diseas@scluding: 520579 KOO to K93
Liver diseases 570571 K70 to K77
Other digestive system diseases 520-569 KOO to K69, K78 to K93
6. External causes of deaih¢luding: E800-E999 V01 to Y98
Transportaccidents E800-E807,E810-E849 V01 to V99
Suicide, homicide and undetermined E950-E999 X60 to Y34
injury
Other external causes E850-E949 WO0O0 to X59, Y35to Y9
7. Other diseases and causes of death 240389, 580779, 798 D50 to G44,
G47 to H95,
LOO to Q99 R95
8. Senility and ildefined causes of death 780797, 799 RO0O-R94, R96R99
All causes 001-799, E80OE999 A00 to YO8UO07.1

Note: deaths from senility and-ilefined causes were prelimifigrredistributed (see section 3.2.3)

Sourceaut hor 6s el afld4ri23 i on

based

on
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Death records due to th€OVID-19infection

The first case of COVIEL9 deathwas recordeth Moldovaon 18/03/2020.The Ministry
of Health (MH)published daily hospital death records on its website until 19/04/Ei2®&een
18/03/2020 and 144/2022, 11487 individual hospital death recondse publishedThe author
collected thefollowing information for every published death recotdl:dateof publication 2)
sex; 3) agen complete years) district, 5) dateof death (since 12/11/2021)

The collectedmortality data (by sex, age, date of publication and date of death) was
prepared weekly by the author during the pandemic period and presertex [fdernational
Dat abase AThe De+h® g dacpdndinatesbly INEDJoédIniplementatiorAct
in Annexel8).

Deathsrom COVID-19recorded in Transnistria (124&cord3 or among foreign citizens
(12 recordy over the study period were prelimiiigr excluded fromthe datato ensure the
consistencybetween events artie population at riskWe also excluded from the analysis 579
recods published on 30/12/2021 as i uhevVikdyetst er
verifying the completeness dfospitaldeath registration. In such a way, 96&&spital death
records(laboratoryconfirmed cases)vere selected for analysiBor 2@0, the medical death
certificates with an underlying cause of death U07.1 were retrieved from the depsesonali
database provided by the NAPH (n=2819).

2.1.3. Population and mortality data for other countries

Ukraine

Causespecific mortality data for Ukraine for the 198813 period were retrieved from
the Human Causef-Death Database (HCI)26]. For the 2014020 period, the time series were
prolonged with the data of the State Statistics Service of Uk For the periodl9652013,
we used the reconstructed mortality series according tellCDroups of causes of ded8?,
128]. Since 2014 the State Statistics Service of Ukraine has not published data on the temporaril
occupied territories of the AutonomoRepublic of Crimea. On the other hand, official death rates
for the regions of Donetsk and Luhansk are highly unegistered. We excluded the data for the
occupied territories from the official statistics for 2EA@20 due to the reasons mentioned above

Romania

The causespecific mortality seriefor Romaniawere reconstructed according to 1D
4-digit items by the author for 198018 (see Implementation Act in Annef&). For the
comparative analysis presented in Chapter 4, the reconstructed data were prolonged with 196
1979 data at the level of main groups of causes of death based on the WHO mortality databas
[129]. The reconstructed death series for Romaniaaa#able in the HCD databaEE26].
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Other countries (the Czech Republic, England & Wales, Germany and Poland)

The excess mortalityy Moldovawas studied relative to the European model presented by
two Western European countries (Germany Bndland & Wales) and two Central European
countries (the Czech Republic and Poland). We usedettunstructed ICELO mortality series
availablefor the four countriesince 2001. The data were completed with unreconstructed time
series for the recent ped until 2019[129]. Mortality data for Ukraine, Romania and countries
included in theEuropeammodel were aggregated according to seven groups of causes of death
presented in Tabl2.3.

2.2.Methods

We distinguishtwo groups ofmethodsused in the study. The first growgonsists of
methods speciallgeveloped to meet specific methodological needs vaksassg the quality of
population and mortality datThese methods are not classical aadd to beitheradaptedo the
given empirical data or developethis group which ispresentecalong with the data quality
issues in Chapter, $1cludes the following method&)Production ofnnual population estimates
at the national level for 1952004 according to the HMD method by Penina, Jdanov and Grigoriev
[121] and intercensal estimates for 260314 (section3.1.1);2) Correction of infant mortality
and oldage mortality in Moldovasgection3.2.1);3) Reconstruction of mortality series according
to a fixed classification developed by Vallin and Md4l8] and adopted for Moldovaséction
3.2.2);4) The distribution of deaths codeds enilitgo and other iHdefined causes of death
(section 3.2.1).

The reconstructionf themortality series by cause of deaths partially automateasing
theR functionto detectfundamental associations of items (FARitten by C.G.Camarda aniyl.
Pechholdovd130]. We also used th€BA macrosthat V. Bazgan and the author developed to
build FAI tables andcompute the transition coefficienfis31]. The statistical coherence of the
mortality series was checked using thé&uRction written byC.G. Camarda ant¥l. Pechholdova
[132].

This section decribes the second group of methods usemhtysethe mortality data at
the nationalsubnationaland district levels aftethe preliminarydata quality assessmeand
correction

The data weranalysedn R (version 4.1.0)133] and RStudio (version1.4.1717 [134].

2.2.1. Life tablesand 95% ClI

Abridged life tabledy sexwerecomputedusing the Chiangnethod[135]. At the national
level, life tables wer@roducedor 19532020. At thesubrnationaland district levels, liféables

by sexwere computed for the corresponding study perfmesented in Tab21l.
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Age-specific deatlratesmy at agex for aperiod, for example, 1991993 were computed as
follows [136]:

a - - (2.1)
Where:
0O i deaths at ageregistered during the period 199993
0 M ando M I population at age estimated at the start (January 1,

1991) and the end (December 31, 1993, or January 1, 1994)pertbd 19911993

At the national level, we used the infant mortality rate before and after correctipnmas
life tables.

We used the Silcocks et al. method to calculate the @8%or life expectancyt thesub
nationaland district leveld137]. The results were close to those obtained using the method
proposed by E. Andreev and V. ShkolnoK@38]. Life tables by marital status and the level of
education with corresponding 95%s@ere computed for the population ag¥tlyears and over.

Life tables and 95%ClIs were calculatedusingt he A PHEIi ndi cat or me
(version 14.2) [139]. The minimumpopulationsize required foproducing dife table using this
packagewas 5000.Life tables and 95% Glby marital stats and level of educatiofor the
population aged 30 years and oware computed using the R function written®ys. Camarda
[140].

2.2.2. Multiple decrement life tables

Excess mortality in Moldova compared to the European model was examigsection
4.4. The model was calculated as a simple mean ebagecausepecific death rates for the four
European countries (Germany, England and Wales, Czech Republic and Palamted life
tables and multiple decrement life tables (MDIb¥)cause of deativere produced for the model
and Moldova for 200:R019.

Life expectancy at birth and ages computed for a hypothetical cohort equal to 100000,
which is the radix of theft table. In a classical life table, the membership in a cohort is terminated
by a single attrition factor (exclusion), such as a death. In MDLT, there could be two or more
attrition factors, such as death from different cau$€$ch Q) [141].

Table2.4 shows certain functions retrieved from a life talohg, @, Ix, tk, &) and MDLT
for circulatory system diseaseas, G, Ixi, tki) computed for Moldovan males in 2019. Life table
deaths or table death@ () at agex represent the life table function. In MDLT, life table deaths
fromacause Q was calculateds follows:

Q Q 0 (2.2)
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Where6 i the proportion of deaths from cauisat agex in the total deathsCyx was
computed as the ratio of the agjgecific death rate from cause(my) to the agespecific death
rate from all causesry).

In our study, excess deaths from caugere estimated as the difference between life tables

deaths in Moldova and the model:

Q Q (2.3)
Summing up life table deaths by elluses and ages, the table radix is obtained.
It is important to note that life table deaths acdi nf | uenced by t he
structure and reflect the mortality intensity in the compared populations. From this point of view,
life table deaths computed for two different populations can be compared.

Table 2.4. Functions of life table and multiple decrement life table for circulatory system
diseasexomputed for Moldovan malesin 2019

Age (X) Mk Ox Ix dx =N Cii Mk Olxi Ixi i
0| 0.0087| 0.0086 100000 860 66.61 0.007| 0.0001| 0.0001| 53975 6
1| 0.0004| 0.0017 99140 169 66.18 0.000| 0.0000| 0.0000| 53969 0
5] 0.0003| 0.0014 98971 143 62.29 0.040| 0.0000| 0.0001| 53969 6
10| 0.0003| 0.0017 98828 167 57.38 0.077| 0.0000| 0.0001| 53964 13
15| 0.0008| 0.0041 98661 403 52.47 0.068| 0.0001| 0.0003| 53951 27
20| 0.0013| 0.0065 98258 635 47.68 0.041| 0.0001| 0.0003| 53923 26
25| 0.0014| 0.0070 97623 683 42.97 0.130| 0.0002| 0.0009| 53898 89

30| 0.0024| 0.0119 96940 1154 38.26| 0.209]| 0.0005| 0.0025| 53809 241
35| 0.0043| 0.0215 95786 2057 33.69| 0.185]| 0.0008| 0.0040| 53567 381
40| 0.0078| 0.0384 93729 3595 29.37| 0.252] 0.0020| 0.0097| 53186 907
45| 0.0109| 0.0529 90134 4771 25.44| 0.293]| 0.0032| 0.0155| 52279 1398
50| 0.0154| 0.0742 85363 6333 21.73| 0.330]| 0.0051| 0.0245| 50881 2092
55| 0.0228| 0.1077 79030 8514 18.27| 0.369| 0.0084| 0.0397| 48789 3141
60| 0.0315| 0.1461 70515| 10299| 15.17| 0.415] 0.0131| 0.0606| 45649 4277
65| 0.0454| 0.2038 60216| 12273| 12.34| 0.524| 0.0238| 0.1069| 41372 6436
70| 0.0575| 0.2515 47943| 12059 9.86 0.620| 0.0357| 0.1560| 34936 7479
75| 0.0981| 0.3938 35884 14130 7.33 0.692| 0.0679| 0.2726| 27458 9782
80| 0.1465| 0.5361 21754| 11661 5.46 0.777| 0.1138| 0.4163| 17676 9057
85| 0.2571| 1.0000 10093| 10093 3.89 0.854| 0.2196| 0.8540 8619 8619
Note: mw- agespecific death ratej i the probability of deatHx i the number of persons surviving to exact agé 1 life tables,
e life expectancy at age Cxi T the proportion of deaths from cauggirculatory system diseases). Functioms gxi, Ixi anddxi
are the corresponding functions for circulatory system diseases.
Source: authorbés el aboration

2.2.3. The method of decomposition of the difference in life expectancy

The difference in life expectancy at birth between two values, e.g., between two
populations otwo years, was decomposed using a stepwise replacement method proposed by E
Andreey V. Shkolnikovand A. Beguri142]. We used this method to decompose the difference
between two life expectancies by age group and cause of death. The method estimates ti
contribution of the differences between two -agled causepecific mortality rates to the overall

differences between two life expectancies. The contribution is measured in years.
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We decomposed the differenbetweenthe two life expectanciesising the R package
i De mo De (versiop H0.1J143].

2.2.4. Standardizationof death ratesand 95% CI

At the national andubnationallevels, deatlrates werestandardisedy age usinghe
direct methodbased onthe WHO EuropeanPopulation (2013) as a standdi4]. The
standardisedleath rate could be interpreted as the hypothetical crude rate if the Moldovan
population had the age distribution of the standard populatiestandardisedeath rate (SDR)

for all causes of deatlhias computed as follow$45]:

B

YOY —

(24)

Where:
my i the agespecific death ratatagex
Wyi the weight for age derived from the European standard population
The standardisedeath rates were computed by cause for the whole population, main age
groups and social categories (place of residence, marital status and level of education)
Standardiseddeath rates by marital status and level of education were computed for the
populaton aged 30 years and over.

At the district level, death rates westandardisedising theindirect method due to
relatively smalldeathcounts In this case, we needed only the total number of deaths in the study
population (a districtB 'O and the age distribution of the study populatien Phe agespecific
death rates were computed for the Moldovan population which was used as a reface.

First, thestandardisedhortality ratio (SMRatio) was computed as the ratio of the observed
deathsto the expected deathis the study populatianThe expected deaths were obtained by
multiplying the number of the populati@iagei in the study poplation P1i by the agespecific

death rate in the reference population .

B B
€ — B

YO YO0 R (2.5)

Then, we multiplied thetandardisednortality ratio in the study population by the crude
death rate in the reference populatioi® Yo obtain thestandardisedhortality rate (SMR) in the
study populationin this case, CDR in the reference populaticas a reference rate or baseline
[146].

"YO'Y YO YO '@EQTY (26)
95% Ck were computed based on the Dobson or Gamma methods for death rates

standardisedby the direct method-or mortality ratestandardisedtby the indirect methogd95%
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Clswereestimateds s i n g mBthod (wbeshenumber of death counts was at leastdi@he
exact... method (when death countereless than 10)147].

Standardisednortality rates were computed by district and cause. First, wesadalye
regional mortality profildor 20122016 In this case, reference rates were-gigecific death rates
for the Moldovan population 80122016 When we studied the evolution of regional mortality
patterns throughout independence, the reference rates were computed {60999able 2.5
summarizes the information about the standatitin methods used in the study.

Table 2.5. Selection of sandardisation method of death ratesand standard population
depending on the population level

Study level Period Standardization Standard population/ | 95% CI
method reference rate
Nationallevel 19592020 Direct The2013European -
standardpopulation
Subnationallevel 19911993 Direct The2013European Dobsonmethod
place of residence | 2003-2005 standarcpopulation
20142016
20172019
2020
Subnationallevel 20032005 Direct The 2013 European Gammamethod
marital status 20132014 standard population
Subnationallevel: 20032005 Direct The 2013 European Gamma method
level of education 20132014 standard population
District level 20122016 Indirect The ageand cause Byards .or
specific death rate for | methods
both sexes in Moldova
in 20122016
District level 19911995 Indirect The ageand cause Byards .or
20022006 specific death rate for | methods
20122016 both sexes in Moldova
in 19911995

Source: aut horés el aboration

SDR and 95% Glby place of residence (rural/urban) were computed with the help of the
Adsr 0 packag §la8[ M the disiria level Owe 2omaujed SMR wig’h% Ck using
the APHEiIi ndicatormet hfl8% 06 package (version

2.2.5. Absolute and relativenortality differences and 95% Gl

According to the international recommendatiorafysolute and relative mortality
differences by sociodemographic characteristics (place of residence, marital status and level ¢
education) were used. The urban populatidacg of residence), the married population (marital
status) and the population with higher education (level of education) served as reference group:
The absolute or rate difference (RD) was calculated as the difference betesedsrdisedeath
rates (SIR) in thepopulation group under consideratiand SDR in the reference group. The
relative difference or rate ratio (RR) was assessed as the ratio of SDR in the population grou
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under consideration to SDR in the reference gr&gie ratioandrate diffeenceare weighted
averages computed as the ratio or difference of dirstalydardisedeath ra@s[149].
Therateratio (RR) can be presented as folloyis!5]:

wny B B B B
Y'Y 3 5 5 5 (27)

Where:

0 i the standard weight in age groxifsee Table.5)

& T rate among the group under consideration (e.g., divorced men) in agexgroup
& 1 rate among the reference group (e.g., married men) in agexjroup

0 0 a

Y YI rateratio in age group

Similarly, rate differenc€RD) can be computed in the following wg5]:

o~/ B B B B
YO = _ _ _ (2.8)

Where:
Y 'Oi rate difference in age groxp
The change in rate difference (R&)d rate ratio (RR)etween the periodand period+n

was calculated as follows:
YO YO YO pTT (29)
Y'Y Y'Y Y'Y pTT (2.10)

We used 95% Cib compare an estimate (e.gQRSin divorced malesagainst aeference
value (e.g., BR inmarried males Whenthereferencesalue was outside 95% CI for the estimate
(nonoverlapping CI) the difference between the estimate andréferencewas statistically
significant (p<0.05). Notoverlappingconfidence interval®r RD and RRsignifieda statistically
significant difference (p<0.09150].

95% ClI were estimated for RD and [RB] usin

2.2.6. Thematic maps

Theshape filedor Moldova were retrieved fronthhe GADM websitdo produce themati
maps[103]. Thenat i ¢ maps were built with the helop
Tennekes [57]. Il n most cases, we usedsuthenks
as life expectancy at birtlwvhich maximises the differenclbstween the categories of observations
[151]. Some thematic maps in our study also include the histogram representing the distributior

of a statistic, likdife expectancy at birth @standardisedortality rate, across districts
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2.2.7. Spatialmortality analysis
2.2.7.1General concepts

Spatial autocorrelation @n essentiatonceptof spatial analysisvith a rich history[152]. If
the traditional correlatiodetectsthe relationshipbetweenndependent and dependent variaples
thentheautocorrelatio is relatedo the correlation of the same variable but in different locations.
One can say that spataitocorrelatiorshows hovthe value of the variable of interest in@ecific
locationis related tahe values of the same variablengighbouringocations[153].

Spatial randomnesis one of the criticatonceps$ thatcan be defined asaabsencef any
pattern or structurm spatial data. Luc Anselins i nt e r gpati@ tarmdomness basedn
two perspective. In the simultaneous perspective, spatial randommesstswhen the observed
spatial pattern is ggobableas any othetn the conditional perspective, spatial randommessirs
when valuesof the variable of interest in one locatiane not dependern its valuesin the
surroundindocations[154].

The null hypothesifHo) in spatial autocorrelation suggests a random distribution of a variable
of interestin spaceln other words, blimpliesspatial randomnes$he alternativdypothesigH1)
points toevidence opattern orstructure in thespatialdata orclustering If H1 is acceptedboth
positive and negative autocorrelaticem be possible

In the case opositive autocorrelationsimilar values of a varide of interes{low or high)in
neighbouring locations occur mofiequentlythan spatial randomneds. other words, positive
autocorrelatiorsignifies that thevariability of the values ikowerthanthat ofspatial randomness.

If negative autocorrelatin occurs dissimilarvaluesof a variableof interest (low vs highpccur

more frequently than spatial randomné3se can say that negative autocorrelation suggests that
the variability ofthe valuesis higher tharthat of spatial randomness. Positive autocorrelation is
closelyrelated taclustering i.e., the presence of patteor clustersn spatialdataand indicating

a location of clusters with similar values on a ).

Spatial autocorrelatiorcan be quantified wth indices represented byglobal spatial
autocorrelationandlocal spatial autocorrelationThefirst type of statistids usedto accept or
reject the null hypothesisboutspatial randomnessiowever, the global spatial autocorrelation
statistic doesot identify clusters on a maphesecond type of statistdetects the locations of
clusterswith similar values on a majpphe twospatial autocorrelatiomdicesrequire an assessment
of significanceor the probability of makinghe Type 1 error when jectingHo.

2.2.7.2 Spatial weights
The spatial analysistartswith identifying neighbours between localities (spatial units) and

constructinga spatial weights matrixthis study tested two types of spatial weiglusntiguity
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and distancdased weightsT he def i ni t i o rthe oabe oficontéiguithdsédspatiab i
weights is based on a common bordamnthermore, the contigutigasedweights matrix can be
constructed according tthe rookd ®r theq u e ecntérisn The first one eliminates corner
neighbourswhile the seconkleepghem(Figure2.1). A distinction can be made betwethiefirst-

order contiguity which includes only thenearest neighbourandthe secondrder contiguity
whenthelocalitiesnext to the nearest neighboar® also includefll55]. The othedefinition of
theneighbourhood used in ostudy referred té& nearest neighbouréccording to this approach,

all spatial units havé (e.g., four)neighbourg156].

I ] ]

central unit units excluded units included in calculations

Queen's case contiguity Rook's case contiguity

Fig. 2.1 Two types of the contiguitybased matrix
Sourcebased 01§157]

The spatial weights define the neighbourhood structure betlwealitiesi andj as a¢ ¢
matrix W. The neighbourhood relationtignarywith weightsequal tol or 0. The spatial weights
(wij) are equal to one whéacalitiesi andj areneighboursand to zeraf not [158]:

0 0 E 0

, 0 0 E 0

w S 8 E 8 (2.11)
o 0 E 0

2.2.7.3Global spatial autocorrelation
Based orglobal spatial autocorrelation, veanrejectHo aboutspatial randomness in favour

of Hy about the presence of clusteringdata However, globakpatial autocorrelation does not
point tothe location of the clusters on a map.

The most knowrstatistico f gl obal spati al adex oo Mavar nr besl a t
proposedyy Patrick Alfred Pierce Morafi59]:
“ B B
O 3 = (212)
Where

N1 total number opatial units or localities
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Wi arithmeticmeanof the variableof interestw(e.qg., life expectancy at birthr standardised
mortality raté;

The sum of spatial weight8, B 0 , also referred to a¥, is equal to the number loicalities

when the spatial weights matrix is restandardised’yY 0).

Mo r aindéxsan be presentadoresimply as followq160]:

B B

0 ———— (2.13)

Wherea], & T deviation from the mean of a varialte

Mo r aimdéxasually takes the valubgtweenl1 and +las the classical correlation coefficient
with anidentical interpretatiorif Mo r aimdéxss equal tazero, itindicatesthat the distribution of
avariableof interestwin space is randoifiHo about spatial randomness is accepted)

WhenMo r aindéxéas positive values, it meaggatial clustering ofimilar values(high or
low). In other wordslpcality "@where thevalueof a variablanis lower tharthe mearnis surrounded
by other localitieSwith values alsidelowthe meanAnd vice versa

WhenMo r aindéxhas negative values, it points to spatial clusterindiggimilar values:
locality i with high values of a variableis surrounded by localitigswith low values of the same
variable andiice versg160].

We used the significance tdsised on a Monte Carlo (permutation) apprdadastimate the
signi fi can cirmex Ah obtsived matué sthe index was comparetd reerence
distributionfrom a series of randomly permuted pattgmsmber of permutations = 9999 is
considered that 1000 permutatiogise reliable resuli [159]. We rejected kbl about the spatial
randomness and acceptedatout clustering if the-value for the significance testasless than
0.05

2.2.7.4Local spatial autocorrelation

The global spatial autocorrelationdex informs only about thepresence otlustering in
spatial datdfor a variableof interestw and its intensityLocal spatial autocorrelation statistics
identify the location or clusters withimilar values ofa variable of interestoon a map These
clusters of high or low vagsare also referred to dibot spots  a cold spiité [159].

The local indicators of spatial association or LISA were computed to mehsuoeal spatial
autocorrelatioras follows[160]:

O o wBI0 0w (2.14)

If & is the deviation from the mean of a variatley  w, then:

© aB O & (2.15)
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The Monte Carlapproactwas appl i ed t-oi e & @hmdve icfl ufsh ied
statistically significant at a confidence level of Q.05
2275Mor andés scatterpl ot
Local spatial autocorrelationdicescan be presented graphically with the helgMad r a n 6 s
scaterplotbuilt between the spatially lagged variabfenterestwon they-axis and the observed
values of variableoon thex-axis. The spatially lagged variabdeis theweighted average af

variablewin neighbouring localities

Spatially lagged y

- N ™
Low-High High-High
(LH) (HH)
. I\ J
y
4 N |7 A
Low-Low High-Low
(LL) (HL)
g J |\ J

Fig. 2.2 A schematic presentationoMor ands scatterpl ot
Source: based di59]

Moran scatterplohasfour quadrantsorrespondingo the four types ofocal indicators of
spatial associatiom h eighfhigho (upper right) quadrardorresponds to thiecalities withhigh
values of a variablef interestw surrounded byocalities withhigh valuesof the same variable
(higher than the mearhligh-high clusters areftencalledfhot spote .  Tow-lwoflower left)
quadrantcorresponds tthe localitieswhich havelow values of a variable>andare surrounded
by thelocalities where the values of the variablare also low(lower than the meanpositive
global spatial autocorrelation occurs when mlostlities pbservationsfall withint he -i hi g
hi gho a nodgudadtardsw

Il n t h4 oiwlbi g hhighdvalewfta variableware surrounded by low values, while
i n th-6i dih @ wglova hiues rate surrounded by high valugke global satial
autocorrelation is negative when most observations are located within these two quadrants

Local it iheisg hion afinldevwi hg warde faenit sefhateoabsodt | i er
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LISA cluster maps were used to represent the locatitotalindicators of spatial association
Five LISA categoriesvere as follows fi-hi gh 0-] o Wb o-ivd twd ghin d(e@05)
and Anot (>0.@hi fi canto

Globaland local spatial autocorrelation analysis of mortaligreproduced with the help
of the following R packagest s p 6 ( v -©O)[161, 166] 1AlSH],0 N s AEBelpIand
Argeodao (A& sion 0.0.9)

2.3. Conclusionsfor Chapter 2

1. According to the studyds objectives, the
national, sulmational and district levels. At the national level, mortality analysis covers
the Soviet period and the period of independence. The mortalitya¥et8651990 were
provided by the INEDaccording to the Soviet classification of causes of death,
subsequently changed in 1965, 1970, 1981 and 1988. For the2@20period, we used
the depersonaed electronic database of medical death certificatesieddinder ICD9
(19911995 and ICDB10 (19962020). The official population data at the national level
refer to the usual resident population and is available only from 2014. The official
population counts must be checked for data qualityresedtimated for the earlier period.

2. At the subnational and district levels, the data were collected for the period of
independence. Wereated a database of death records by sex, age, the underlying cause o
death, marital status and level of educatignmerging the database of medical death
certificates and the database of statistical fdion3. The population data by marital status
and level of education are the respondent population according to the censuses conducte
in 2004 and 2014 and need todmerected to be in line with the usual resident population.
The population data at the district level are the official annual estimates based on the 198
census, the results of the 2004 census and theeostis annual estimates for 220B20.

3. We colleced hospital death records due to COMIB published daily by the MH between
18/03/2020 and 19/04/2022.

4. The data weranalysedising the following demographic methods: life tables and multiple
decrement life tablestandardisedeath rates anstandardisedortality ratio, a stepwise
replacement method of the decomposition of the difference in life expectancy, absolute anc
relative measures of mortality disparities (rate difference and rate ratio), global and local
spatial autocorrelation. 95% CI were cortgmlifor statistics at the subnational and district

levels. Data weranalysedn R.
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3. ASSESSINGPOPULATION AND MORTALITY DATA QUALITY AT
THE NATIONAL, SUB-NATIONAL AND DISTRICT LEVELS

Chapter 3 is dedicated to assessing population and mortality data quafig/ national,
subnationaland district levels. At the national level, the datxreanalysedor the Soviet period
and the period of independence. The analysis is restricted only to the period of independence
thesubnationaland district level.

3.1. Population dataquality

3.1.1. Populationdataat the national level

The quality of theMoldovanpopulaion data ishighly questionabl€erlhis sectiondiscusses
the nature of therroneous officiapopulation datandpresentgpossibledata correction methods
for the Sovietand posindependence periods

3.1.1.1During the Soviet period

After World Warll, four censusewere conducted in Moldova ih959, 1970, 1979 and
1989.In Soviet censuseswo types ofthe populationwere traditionally distinguished he first
type wasthede jurepopulation i.e.,the permanent residesin the given territory, inclding the
temporary residentsThe secondype referred tahe de factopopulation i.e., thepopulation
present on the given territory at the census moment, inclikdentemporary absent population
During the Soviet period, the difference betwdenureandde factgpopulatiors wasinsignificant
due to low international migration flowghe official populationcountsfor the Soviet periotvere
available byageand sex for 1964990 and referred to as the de jure population

Checking the data for 196879 identified some quality problems for older agegure
3.1 illustrates annuairends in counts of persons 60 years of age and older ir11%9@5 Sorre
changes in the number of older persons are fully expected. For example, a decrease in populatic
counts for the 6®4 age group in 1976979 is explained by a reduction in births during World
War I. In 1970, when the census was conducted, the suddemedecpopulation counts for the
70-84 age group was accompanied by a moderate increase in®9ea@@ group. The population
trend was not seriously modified for ages 85 and oMee. moreaccurate reporting of age in the
1970censughan in the 195%ersusmay cause these interruptions in population counts among
older adults

In our study, we preferresubstitutingthe official population count®r the Soviet period
with the intercensal estimates produced according to the standard Human Mortalitys®ataba
protocol (HMD-like estimates) produced by Penina, Jdanov and GrigftiZ. The HMD-like

estimates for older age groups were produced using the extinct cohort method based on dea
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counts without considering the erroneous population counts at oleler Hge intercensal trends

in annual population counts became much more consistent in time due to the elimination of &
sudden drop in 1970. The official annual population counts for-1989 were consistent by age

and year and referred to intercensalneates.The official annual population counts were used for
the given perid to produce the population exposure according to the HMD standard protocol.
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Fig. 3.1 Official estimates (19651979) and intercensal estimates (19591979) of the older
population by agein Moldova, both sexeqabs., thousand)

Note: Vertical lines refer to the census dates: 15/01/1959, 15/01/1970, 17/01/1979 and 12/01/1989.
Source: Officialde jureestimates unpublished TCSU of USSR archived datdercensabstimates Penina, Jdanov and
Grigoriev[121]

3.1.1.2 After independence

After independence, the first census wasductedon the 5th of Octobe2004 and the
second orthe 12th of May 2014. Unlike he four Soviet censusethe two censuses for the
independence periatid notinclude the Transnistrian region representing abaifta million or
14% of the totaMoldovanpopulationin 2004 The two censuses were conducted independently
in 2004 and 201 this regionin 2004 and 2014he difference between tlde jureand de facto
populationswas much more significanthan in Soviet timesAccording tothe 2004 census, the
numberof Moldovan residents absent fovelve months or longer wds30thousand persons or
3.9% of thede jure population. Thisproportion increased t@.0% at the moment othe 2014
census. Th&lBS corrected thefficial results of th&2014censudased on postensus survey and
electricity sy p | i e r [$66]. THesd arrections were considerabiethe municipality of

Chisinay wherethe census coverages 59%.
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To calculate official social and demographic indicators, the NBS computed aenuat
population counts (so al | ed fAst abiipeod up apH) Lewil 2301 esusingitimede
jure population, including longerm emigrantsgreated a systematic bias since deaths and births
referedto thede factopopulationi.e., events thabccured within the countryMoreover thede
jure populationestimates were based on ##89 census andid not considethe 2004 and 2014
censuses. I n 2019, the NBS introducereferrinche c
to the residents whbave lived in the country for at least the last twelve months and who intend
to live in the countryjor the next 12 months, excluding temporary absences for holidays or work
assignment$166]. The NBS published theannual estimates of the usually residpapulation
basedon the 2014 adjusted census, vital statistics by date of occurrence and individual bordel
crossingmigration datgFigure3.2).
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Fig. 3.2 Population estimates in Moldova: 1982019 de jure population; 20142020 usually
resident population; 19592013intercensal population

Note: Vertical lines refer to the census dates: 15/01/1959, 15/01/1970, 17/01/1979, 12/01/1989, 05/10/2004 and 12/05/2014.
Since 1998 official population statistics do not include the Transnistrian region.
Source: official estimateéisNBS https://statistica.gov.md/; intercensal 12883 estimates Penina, Jdanov and Grigoriev
[121]; intercensal 2002013 estimatetsaut hor 6 s .cal cul ati ons

In this study, weused the following population estimates for Moldovantercensal
population estimates for the 1952003 period computed byPenina, Jdanov and Grigoriev
according to the HMD methodologp21], intercensal estimates for tH20042013 period
computed by the author, according to the cechorhiponent methogndt he post cens a

residento popul at i-2020 peec prodocadbgthe NB r t he 2014
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Using thede jure population for the period of independence can lead to a numerator
denominator bias and considerable underestimation of mortality and fertility rates.3Table
presents life expectancy at birth computed based on the intercensal and postcensal estimates of
usually resident population compared to degjurepopulation estimates. In the early 1990s, the
difference in life expectancy at birth was insignificait. 19 years in males ar@.02 years in
females in 1995). After the 20@&nsusthe discrepancy in life expectancy at birth based on two
different population data sources increaseelt06 years in males an@.72 years in females in
2005. Finally, in 29, life expectancy at birth computed based ordthpirepopulation must be
reduced by 3.24 years in males and 2.58 years in females.

Table 3.1 Life expectancy at birth calculated based oulifferent types of population datain
Moldova after independenceby sex(years)

Year Based onntercensal Based ortheof f i c i a Il Based ortheofficial Difference
populationestimates jureodo popul atAusuradsiydent
population estimates
Males
1991 63.99 64.14 - -0.15
1995 61.75 61.94 - -0.19
2000 63.37 63.99 - -0.62
2005 62.70 63.76 - -1.06
2010 62.96 64.84 - -1.88
2015 - 67.50 65.11 -2.39
2019 - 69.84 66.60 -3.24
Females
1991 70.89 70.83 - 0.06
1995 69.72 69.74 - -0.02
2000 70.97 71.31 - -0.34
2005 70.92 71.64 - -0.72
2010 72.11 73.38 - -1.27
2015 - 75.56 73.61 -1.95
2019 - 77.57 74.99 -2.58
Source: authoroés calculations based onfl2flhe data from NBS

3.1.2. Populationdataat thesub-national level (place of residence, marital status and
level of education)

The National Bureau dbtatistics published thannual population estimates by place of
residence for the 2012022 period only in 202Based on the adjusted results of the 28sus,
vital statistics and individual border crossing migration data. For the period before 2014, we
produced our proper estates for 19941993 and 2004 based on the official data by place of
residence and HMilike intercensal estimates produced at the national levek¢séen 3.1.1).

The difference between official annual estimates thiednationaHMD-like intercensal
estimates in the early 1990s was negligifl&% in 1991 and 1% in 1994Fhis observation

allowed us to use the official annual estimates by place of residencesfgetiod. The official
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population structure by sex, age and place of residence irR1B®&lwas applied to the HVihke
intercensal estimates for the corresponding years. In the same way, the population counts by pla:
of residence were estimated for 2004e population structure by place of residence according to
the 2004censuswas applied to the HMilike data in 2004. In such a way, the produced estimates
by place of residence became more consistent with the population data used at the national leve
Figure 3.3 shows population pyramids by place of residence for 1991, 2004, 2014 and
2020. Throughout independence, the rural populgirewailed over the urban population, with
about 60% of the total structure. In the early 1990s, when the data covered Transnistria, the sha
of the urban population was somewhat more prominent compared to other periods (47% in 199
vs 38% in 2004). The &g process was more pronounced in rural than urban areas, but the pace
of the population ageing was more marked in urban than rural areas. The share of older peop!
aged 60 and over increased from 16% in rural areas and 10% in urban areas in 199and 23%
21% in 2020, respectively. The population ageing was particularly pronounced among the female
population, with a share of 26% in rural areas and 24% in urban areas in 2020. In 1991, the
proportion of young men aged aboutv2és higher in urban areasathin rural areas. This finding

is likely to be an artefact resulting from the registration of the military contingent during the 1989
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Fig. 3.3 Population countsby sex, age and place of residenae 1991,2004 2014 and2020
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Note: In 1991, the data includes Transnistria.
Sourcefor 1991 and2004aut hor 6s cal cul ations based on t he[l2lhRo@20r om |
and 2020 NBS data was adjusted for age groups over 85.
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Figure3.4illustrates the population pyramids according to the legal marital status produced
based on theopulation censuse®nducted in 2004 and 201Bhe population structure by sex,
age and marital status was estimated based on tt ikl population counts at the national level
and the population structure by legal marital status according to the 2004 and 2014 censuses. T!
2014 censusrecorded four legal marital status categories presented in the above figure: never
married, marrieddivorced and widowed. Such classification was used to identify the deceased's
marital status in thstatistical forrNo.3 A D e a selstionl.4) sTkee2004ensuglistinguished

more marital status categories than the 2014 census. In particular, besides the four legal marit

status categories, t he fsepaensadlesd than 4% af tha s
respondent population indicated this statu @04, t he group fAmarried
il egally marriedo and dAdliving in a uniono.

the population compositiofor 2004 according to four legal marital statuses. The population
structure by 8x, age and marital status was applied to the HM®population estimates by sex
and age in the corresponding years. In such a way, we ensured the consistency between t

population estimates at the national anf:nationallevels.
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Fig. 3.4 Estimates of the population aged 30 years and over by sex, age and legal marital
status in Moldova in 2004 and 2014 (abs.)

Source: authorés calculations based onfl2flhe data from NBS

Between the two censuses, the population structure by marital status was relatively
constant, with t h&%bdfrthe populatod agedc3a yearg overyForl8
ages, the share of married men (75% in 2014) was higher than married women (61%). Among

adults aged 60 years and over, the share of
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women (53% in 2014) than in men (20% in 2014). Theesb&older adults above 80 who lost
their partner was more than 80% in femal e
represented less than 10% of those aged 30 years and over without marked differencé®yby sex.
contrast, t hrearriddimame nofwafsn ev-mireri ¢ dh@nwadmerw e
in 2014).

During the census, the level of education was identified according to seven categories ir
2004 and eight in 2014. The educational attainment of the deceased in the stiatiatitdd. 3
fDeet ho corresponded to the cl| as32) The populaiion n
structure by sex, age and level of education under the 2004 and 2014 sevesesapplied to the
HMD-like population estimates in the corresponding years.

Table 3.2 Levels of education according to the 200densus 2014censusand statistical form
No.3 fADeat ho

Level 2004census 2014census Statistical form No. 3
iDeat ho
Primary or - illiterate - illiterate - illiterate
lower - without education - without education but carl - noprimary but can
- primary write and read read and write
- primary - primary
Secondary - general obligatory - lower secondary - general obligatory
- secondary general - upper secondary - secondary general
- secondary specialized | - secondary vocational - secondary specialized
- postsecondary vocationa
Higher - higher - higher - incomplete university
- university

Source: based on NBS data

The analysis of mortality disparities (ssection5.3) was restricted to three broad
educational categories presented in Fidlfe primary education or lower, secondary education
and higher education. Between the two censuses, the distribution of the population aged 30 yea
and over by educational level evolved more drastically than by marital status. Between 2004 ant
2014, the prportion of the population aged 30 years and over with primary or lower education
declined from 18% to 9%. The share of the population with a primary or lower education was the
most prevalent amonglder adults especially women. The proportion of womenda@§e years
and over with primary education or lower was reduced from 60% in 2004 to 29% in 2014.

The effect of WWII on access to education among the cohorts born before and after WW
Il explains a relatively higher share of thkler populatiorwith primary education or lower in
2004 (54%) compared to 2014 (24%). In 2004, people aged 60 and over belonged to the cohor
born before and during WW II. In 2014, the older population included thewnarsgjenerations

that could access secondary and higher ecdhrcati
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The population aged 30 years and over with secondary education increased from 70% ir
2004 to 75% in 2014. These changes were most evident amoolgi¢énegopulatiordue to the
abovementioned factors (38% in 2004 vs 63% in 2014). The population witarhegucation
increased from 13% in 2004 to 16% in 2014. The share of people with higher education was 12%
for both sexes in 2004 and 16% a decade later, with minor sex differences. However, among adul
aged 3045, higher education was more prevalentfomen (16% in 2004 vs 23% in 2014) than
men (12% in 2004 vs 17% in 2014).
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Fig. 3.5 Estimates of the population aged 30 years and over by sex, age and the level of
education in Moldova in 2004 and 2014

Source: authorés calculations based onfl2ffhe data from NBS

3.1.3. Populationdataat the districtlevel

The NBS provides two types of population countthe regional profileaccording to the
2014 census. The first type refers to the respondent population consistingisfigitigresident
population and nonesidentsi.e., Moldovan citizens who werabsent in the country for twelve
months or longer at the moment of the cen3ie second typef the 2014 census daisthe
usually resident populatiqwithout norresidentsgfter the official adjustments dueit@omplete
population coverage at tltensus moment (ssection3.1.1.2)

Figures3.6 and 3.7 illustratethe population pyramids of 34 administrative units and the
municipality of Chisinador the respondent and usually resident populations according to the 2014
censusFormostdi stri ct s, t he r e sopespoadedo theegtimates of the i o |
usually resident populationThe exception was ATU Gagauziahere the usually resident

populationin working age groups was visibly smaller than the respondent pomylaituding
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the temporaly absent population. The situation wastirely different for the municipality of
Chisinauwhere the population coverage at the moment of the 2014 censless/f#san 60%n
this case, postensus adjustment®ncernedalmostall age groups, especially the workiage

population between the ages of 20 and 40.
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Fig. 3.6 Respondent and usually resident populatiofy sex, age and district

according to the 2014 census
Note: nonresidents are included therespondent and excluded frahe usually resident population
Sourceaut hor 6 s basédaoiheNBS datao n

Over 30 years of independence, the distribution of districts by population size changed
drastically as a result of a continuing depopulation prodégsire 3.8). The number of districts

with more than 100 thousand populatiwas reduced from 9 districts in 1989 to six districts in
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2004 and one district (ATU Gagauzia) in 2014. At the same time, the number of districts with less
than 60 thousand people increased from 7 districts in 1989 to 16 districts in 2014. In absolute
values, the population size of the municipality of Chisinau declined from 715 thousand persons in
1989 to 676 thousand persons in 2014. However, in relative terms, the share of people living ir

the capital rose from 16% in 1989 to 18% in 2004 and 24% in 2014.
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Fig. 3.7 Respondent and usually resident population by sex and age in the municipality of

Chisinau according to the 2014 census
Note: nonresidents are included in the respondent and excluded from the usually resident population
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According to the 2014ensus the average population size across the district was 81
thousand persons (with the municipality of Chisinau) and 63 thousand persons (without the
municipality of Chisinau). In 22 of the 35 administrativats, thesize of thepopulation varied
between 40 and 80 thousand; in 8 districts, it was 80 thousand people and more; in 5 districts,
was less than 40 thousand people. The minimum population size was 19 thousand in th
Basarabeasca district, and theximum was 676 thousand in the municipality of Chisinau

3.2. Mortality data quality

Two methodological issues can be distinguished concerning mortality data quality at the
national level The first is related to the quality of death registration in infamclyat older ages,
especially problematim the 1960s and 1970s. The secogldteso reconstructinghe continuity
of thetime series of deaths interrupted by periodic changes in the classification of causes of deatt
A special reconstruction method proposedMmsslé and Vallin was applied to eliminate
discontinuities in the mortality series by cause of death

The given methdological problemsegarding the data analysed at the-sabonal and
district levels can be partly omittelirst, the problem of incomplete death registration in infancy
during the period of independence is of minor importaaoe the quality of deattegistration at
older ages has been satisfactory since the 1988=ond, the analysis is limited ttee leading
causes of deattihat are considered robust to changes in cabtiseath classificationThe only
exception is the growth imortality from Senlity and ill -defined causes of death in the 1990s
whichrequires special treatmeoit the raw datatthe subnationaland district levels.

3.2.1. Assessing agspecific mortality profileat the national level

Assessing the mortality rates by age can helptimate the data quality and find possible
underregistration of deaths at specific age groups. Special attention must be paid to infant
mortality and oldage mortality.

3.2.1.1Infant mortality correction

Assessing infant mortality trends in Moldova since World War, two types of
underestimation of infardeaths can be distinguishebhefirst refers to arunderregistration of
infant deaths irthe countryuntil the mid1970s. The second related tothe problem of the
definition of live births.

In the FSUcountries, including Moldova, the increase in infant mortality was registered in
the 1970s. Unlike Ukraine or Russveherethe infant mortality rate increased moderately in the
early 1970s, Moldova saw a sudden jump in 1973. Between 1972 and 1973rehsdnn infant
mortality rate was more than 50%, fr@4.5 per 1000 in 1972 to 36.8 per 100@ births This

sudden growth is connected to the new TCSU instructions introduced in the FSU on registratior
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practices for infant deaths. The new instructionanfant death registration were closely related
to introducing a new form of the perinatal death certificate in 1974 and new statistical forms on
medical causes of death (form 5d) tabulated based on the perinatal death certificate.

Thegrowthin infant mortality in 1973 was mucimore pronounced in rural areas than
urban areadue tothemuch higher underregistrationof infant deaths in rural than urban ardés
in urban settings, infant mortality increased by 25% (from 24 per 1000 in 1972 tpe3Q.B00
in 1973), then in rural areas by 60% (from 24.7 per 1000 in 1972 to 39.9 per 1000 in 1973).
Improved registratioted to asharp increase in early neonatal mortalitg (@ays), whose levebse
suddenly by 120% in 1973. Late neonatal mortglit28 days)lsoincreasedharply(+110%).

The increasein postneonatal mortality 49 daysi 11 months)was much less thaithe
neonatacomponen{+38%) but contributedonsiderablyo the increasé overall infant mortality
(Figure3.9). The sharp growth in early neonatal mortality resulted from improved registration of
deaths in the first days of life by distinguishing betweary neonatal deaths and stillbirths. It is
also possible that the new directives on accurastration of infant deaths also contributed to

better registration of late neonatal and even-peshatal deaths.
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Fig. 3.9 Early and late neonatal mortality (panel A) and
postneonatal mortality (panel B)in Moldova in 19592020

Source: aut hor 6 sthelNBSdataa | at i ons based on

To reestimate infantleaths for the years befoi®73 we hypotlesised that theudden

increasan 1973was attributedo improved registrationf infant deaths. A more moderate rise in
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infant mortality until the late 1970s likely reflects a further improvement in infant mortality
registration. On the other hand, the moderate rise in infant deaths in the late 1970s, including fc
the postneonatal component, may also point to real hedtarioration, especially in rural areas.

A minimum adjustment was undertaken since there is no obvious way to separate the effect c
artificial growth resulting from improved registration from the actual health deteriorador

study corrected the sudueise in infant deaths in 1973 without modifying the more moderate
increase in subsequent years.

The correction of the infant mortality rate for the years prior to 1973 was made by sex and
place of residence (urban/rural) foeonatalearly and lateandpostneonatacomponentsTwo
di fferent approaches were wused. The first
difference between the 1972 and 1973 rates was applied to all the preceding years. This method
correction was used for early and lateonatalmortality rates The second wa:¢
c o r r ewheriaoefative difference in mortality rates between 1972 and #@&3usedThis
method was applied for peseonatal mortality rategigure3.10illustratesthetrends in neonatal,
postneonatal anihfant mortalityratescorrectedfor years prior to 1978orrectionl) usingthe
combined correction method (absolaterectionfor neonataimortality and relativecorrectionfor
postneonatamortality).

After the improved registration in the 1970s, infardrtalityin Moldovaremained slightly
underestimatediuring the Soviet period and after independence. This tnedestration of infant
deaths was linked tite definition of live birth used iMoldova, which differed from the standard
definition recommended by tiWorld Health Organization (WHORAccordingto WHO, all new
bornsshowing ay sign of life must beegistered aborn alive disregardingheir gestational age
or weight In Moldova, a secalled Soviet definitionof live birth was usedintil 2008 This
definition considereéhfantsas livebornonly if they had a gestational age of 28 weektonger
weighed 1000 grans more,or the body length washore than 35 centimetres.

According toa new definition of live birtiintroduced in 2008nfants presentingnysigns
of life are consideretive-bornif they have a gestational ageaifleast22 weeks or their weight
is 500 grams or mor&.he new definition caused 20% increase in the early neonatal mortality
rate (5.1 per 1000 in 2007 vs 6.1 per 1000 in 2068he Baltic countries, the transitidnom the
Soviet definition of live birth to the WHO recommendations in the early 1990s resulted in a 50%
increase in early neonatal mortalify67]. Based on the experience of the Baltic states, we assumed
that the transition to a new definition lofe birth was incomplete in Moldova in 2008. For all
years before 2008, a 50% correction of early neonatal mortality was pro@acegttion 2in
Figure3.10). For 2008 and 2009, early neonatal death rates were interp@asenhing thathe
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transition to a new live birth definition was incomplete during these two .yEaosn 2010

onwards, no infant mortality correction was made
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Fig. 3.10 Trendsin neonatal, postneonatal andinfant mortality rate s before and aftertwo
correctionsin Moldova in 19592020

Source: authoroés calculations based onl113lhe data from NBS

Il n such a way, based on the two infant
deaths were estimated.h e fAmi ssi ngo i nf aostmert @riotthl®73)anvere e r
redistributed proportionally betweetl causes othe reconstructed time series of infant deaths.
The fAmissingd deaths estimated after the s
proportionately only between thefmnatal conditions and congenital malformations @ession
3.2.2).The number of live births was alscaesessed after each infant mortality correction.

3.2.1.20ld-age mortality correction

There are two distincproblemswith Soviet statistics orold-age mortality. The first
problem concerns thefficial population estimatethat are unreliable at older ages, discussed
earlier (seesection3.1.1.1) This studyused theintercensal population estimates produced
according tahe HMD methodologyfor 19592003 Populationcounts for the age groups 70 years
and overwere computedusing the extinct cohort methdmhsed on the distribution of deaths in
preceding yeardNeverthelessold-agemortality ratescomputed based on HMlike population
estimates arsuspiciously low in Moldovaompared to Western countries in the 1960s and 1970s
For examplethe life expectancy aage80 in Moldova compared to Swedenabouttwo years

higher in males and females in 196@1]. The underestimtion of oldage mortality rates in the
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1960s and 1970s the secondlata qualityproblemresulting fromincorrectage registratiorat
death so-calledage heaping in deathShe misreportingpf age at deathmong the elderlys a
typical data quality prfalemin the FSU countries, including Moldova.

This studycorrectedthe underestimatedld-age mortality ratesusingthe CoaleDemeny
model life table$168]. The model life tables consist of four families (North, South, West and East),
each including 25 levels. We ustt fiveyear moving average of tlerrected infant mortality
rates(seesection3.2.1.1)to select the appropriate level in one of the foarili@s.Suppose we had
used middleaged mortality as a key to selecting a level. In that, daseuld haveeausednisleading
results sincexceptionallyhigh mortalityamong middleaged personis a specificharacteristiof
the mortality pattern iMoldova and other FSU countries
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Fig. 3.11 Life expectancy at age 60observed valuesn Moldova and values from Coale and

Demeny models corresponding to the same level of infant mortality raia 19592020
Note: If the observedods lower than the modebgthe model @ corresponds to the last level.
Source: author 6s &BSacdiNARHHataons based on t he

In Figure3.11, the observed life expectancy at age 60 is compared to life expectancy at age
60 retrieved from the four regional models and their average in-2@%Q. In 1960, the life
expectancy at age 60 Moldova was 4.7 years higher in women and 3.8 years higher in males
than the model. In 1965, the recorded life expectancy at age 60 was 2.1 years higher in female
and 1.5 years higher in males compared to the average model. The difference petgdigd@&tbun

in women and 1969 in men.
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The situation has been reversed since the 1980s. Whatever the regional model we selecte
the model life expectancy at age 60 was always higher than the observed values. In 1980, tt
average model was 2.2 years highemales and 1.5 years higher in females than in Moldova. In
2020, the gap widened to 5.7 years in males and 3.5 years in females.

Like other FSU countries, Moldova has been facing a severe population health crisis since
the mid1960s, mainly affecting thedalt population, includingolder adults The situation
observed after the 1980s was anticipated. By contrast, the unusual observation in the 1960s al
1970s was due to olage mortality underestimation and required the corresponding corrections.

We computd new agespecific rates for older age groups using the average life expectancy
at age 60 of the four regional models. Then, the life tables warssessed for 19588 for men
and 195970 for women. Among women, the difference between the average anddéke observed
life expectancy at age 80 was maintained even after correcting life expectancy at age 60. W
corrected female life expectancy at age 80 and over until 19V .agespecific death rates were
multiplied by the population counts, andnewtdéss. count s wer e obtained.
the difference between the recorded and estimated deaths, were redistributed proportionally amor
all causes.

3.2.1.3Re-assessmertf life tablessince 1959

Abridged life tables werecalculatedby sex for 1952020. Figure 3.12 shows life
expectancy at birtbefore mortality corrections, after the first infant mortality adjustment (prior
to 1973), the second infant mortality adjustment (prior to 2G&@) the oldage mortality
correction

After the first infant mortality correction, life expectancy at birth was reduced by 1.7 years
in men and 1.9 years in women in 1959. The effect of the corretgicimedprogressively over
time and was @.years in 1972. The second infant mortality cotitn produced for the 1959
2008 period had a minor effect on life expectancy at fyathgingbetween 0.2 and 0.3 years. The
adjustment of life expectancy at age 60 had a much more significant effect on life expectancy ir
females than males, especially the late 1950s and early 1960s. 186Q this correction
diminishedlife expectancy at birth by years in males and 3.8 years in femafgaongmales
the impact of theld-age mortalitycorrection decreased gradudily the late 1966(1.12 yearsn
1965 and0.3 years in 1968)Among females the adjustment of life expectancy at older ages
affected life expectancy at birtmtil 1978 Q.2 years in 1975). Thmaximum combinee@ffect of
two infant mortality and olehge mortality correction on life egptancy at birth wa4.5 yearsn
menand 5.6 yearsy womenin 1960.In 1965, the combined effect was 2.5 years in males and 3.1

years in females.
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The corrected infant and elije death rates considerably reduced the life expectancy at
birth in the1960s and 1970s amttastically altered th&end fFigure3.12). The infant mortality
correction before 1973 smooth#te observed decline in life expectaratybirth between 1965
and 198 by eliminating a suddedropin 1973.The oldage mortality adjustments shiftélde

turning point inlife expectancyrends from the mid 960s to the earl{}970s.

Males Females

80 -

~
(9]

Life expectancy at birth (years)
o ~
(4.} o

60
1 1 1 1 1 1 1 1 1 1 1 1 1 1

1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020

—— Before corr. 1st infant corr. ————- 2nd infant corr. ————- Infant and old-age corr.

Fig. 3.12 Trends in life expectancy at birthbefore and after infant and oldage mortality
correctionsin Moldova in 19532020 by sex

Note:Life expectancy at birth before corrections were calculated based on the intercens20I®5nd postcensal (2014

2020) population datahe first infant correction: 1952972; the secad infant correction: 1952009; oldage mortality

correction: 19591968 in malesand 19591979 in females.

Source: authorodés calculatif@dfis based on the NBS and NAPH d

Annexe 1 provides estimates of life expectancy at birth before and after mortality
corrections.

3.2.2. Reowmnstruction of the continuity of mortalityseriesaccording to ICB10 in

Moldovain 19652020

Analysinglong-term mortalitytrendsis complicated bylisruptionsn the death timseries
due toperiodicchanges in thelassificationof causes of deathn rare cases, thstatistical office
performsa doublecodificationof causes of deatbver one or two years of transition from one
classification to anotherThis practiceallows applyingthe observedransition coefficientdo
redidributethe deaths classifiednderan old classificatiomto the items of a new classification.
In most countriesjncluding Moldova such a double classification is notactised,and the
transition coefficientanust be compute@éx-post. In our study, v usedan original method

developedy Meslé and Vallirto reconstruct thenortality seriesn France18, 40]
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This method was adopted for the Moldovan data for the-29@9 period. Four transitions
were performed: 1) from the 1965 Classification to 18&0 Classification; 2) from the 1970
Classification to the 1981 Classification revised in 1988; 3) from the 1988 Classification-to ICD
9; 4) from ICD9 to ICD-10.

This section briefly describes the reconstruction method based on the empirical Moldovan
daa. More attention is given to the first transition. Each transition from an old classification to a
new one includes three steps: correspondence tables, fundamental associations of items a
transition coefficients Technical annexes providing detailedommation on each transition
(correspondence tables, FAI and transition coefficients) are available online
https://github.com/PeninaOlga/Mortality Tresi8y CausesOfDeath/tree/main/Technical%20Anne

Xes
The database on theeconstructed mortality series for Moldova was integrated into the

international database The Human CaofsBeath Databaskttps://www.causesofdeath.org/egi

bin/main.php coordinated by the French Institute for Demographic Studies (INED) and the Max
Plank Institute for Demographic Bearch from Germany, Rostock (Annsié and17).

3.2.2.1Transition from 1965SCto 1970SC

For the first transition, we had death time series classified under the S®66t
Classification (19655C) for 19651969 and the 1978ovietClassification (1976C) for 1970
1980. After the reconstruction, we produced continuous time dsriesx and agelassified under
1970-SC for 19651980. Further, the three steps of the reconstruction are presented.

A) Correspondence tables

A correspondence table (CT) between itemthefoldclassification (19655C) anditems
of the new classificatiof1970SC) was constructed based on the medical definitidbhe first
table presents the correspondence between old and new hem#)e secondshows the
correspondencketween the new and olgms. Annexe& shows the extract of these two tables.
At this step the medicatontentof the causes of death nsidered

B) Fundamental associations of items

Based orthe correspondence table, we produced fundamental associations of items (FAIs)
FAI includes old and new items with the same medical content and deaths in the transition year
(in our case, 1969 and 1970). Depending on the relationship between old atehmeviour types
of FAI can be identifiedtype 1:1 or simple typel:nor splitting typen:1or mergingandtypen:n
or complex Table3.3 provides exampkeof each type. Simple, splitting and merging types are the
most straightforward situations. @omplex FAI- 137wasproduced for somaccidentsin this
FAI, four items from 1968C (195, 199, 206 and 20)1@ere related tohreefrom 1970C (177,

84


https://github.com/PeninaOlga/MortalityTrendsByCausesOfDeath/tree/main/Technical%20Annexes
https://github.com/PeninaOlga/MortalityTrendsByCausesOfDeath/tree/main/Technical%20Annexes
https://www.causesofdeath.org/cgi-bin/main.php
https://www.causesofdeath.org/cgi-bin/main.php

181 and 18pbased on the correspondence tableaths classified under old iterh85 and 199
were attributed totally (T) to new ite81 Deaths under old item 210 were also related totally to
new item 185Deaths coded under old ite2®6 wererelaed partially (P) toall threenew itens
(177, 181 and 185)

Table 3.3 FAIs 44, 106, 121 and 13[@uilt between 1965SC and 1970SC

19 B NUTED & [ 19 68T
deat h
| Title 197 196[1tdT/] Title

a) FAIl 44,type 1:1 (simple)
48 | Malignant neoplasm of stomach 565| 616| 52 ‘ T | Malignant neoplasm of stomach
44 | 48 565| 616 52

b) FAI 106, type n:1 (merging)

Abortion out of the hospital without
mention oftoxaemia or sepsis

23 15| 161 | T | Abortion out of the hospital with sepsis

71159 T

142 Abortions out of the hospital and

unspecified
11163 T Abortion out of the hospital with
toxaemia without mention of infection
106 | 142 23 23 159, 161, 163

c) FAI 121, type 1:n (splitting)
A motor vehicle trafficaccident,

Motor vehicle accidents, excluding

160 ! . 357| 528| 186| P -
excluding occupational occupational
A motor vehicle traffic accident

161 | involving a collision with a 140 "1186| P
pedestrian

121 160, 161 497 | 528 186

d) FAI 137 type n:n

Accidentscaused by electric Other accidental causes, excluding
; : 92| 346| 206| P X
current, excluding occupational occupational

206 P

177

9l 195! T An accident caused by machinery,

Other accidents, excluding excluding occupational

181 ; 278
occupational

An accident caused by a hot substance
20| 199| T | corrosive liquid, steam or radiation,
excluding occupational

185 | Iniury undetermined, whether 32 1206 P
accidentally or purposely inflicted 5| 210| T | Injuries due to war operations
137 177,181, 185 402 | 380 195, 199206,210

Note: T/Pi Deaths counts are transferred from an old item to a new one totally (T) or partially (P)
Sourceaut hor 6s cal cul at iCoUd thdUSSR(drchived datalprevidedaby IBEDE].f T

The fundamental associations of items construbtestd on the medicabrrespondence
of itemswere checked for statistical coherence. For @asbciationwe checkedf the total death
number under the old classification was close to the total death number dmelenew

classification.To ensure statistical consistency, we examined the annual trestindardised
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death rateor eachFAIl in 19651980 underthe 1965 and 1976lassificationsWe examined if
changes imeath counts i19631970 were consistent with annue¢nds fothewhole periodWe
used a methodpecially developed by Camarda and Pechholdova that predictality series
according to the statistical significance lepe32]. Figure3.13 presents the statistical consistency
verification results for FAIs in Tabl&3. The absence of the red flag (upper right corner) indicates

that the FAI is stasitically consistent over the transition years.
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Fig. 3.13 Checking the statistical consistency dfAls 44, 106, 121 and 13Built between
1965SC (19651969) and1970SC (197061980) Moldova (log rate)

Note: Death counts in 1961064 were added artificially to ensure a proper function of a statistical paidije
Source: author ds cal c@U afthe USER (archivedelata peovided by INE[Hlat a of T

However,for some FAlsan interruption in the time seri@gasdetectedn the transition
year. This situation indicate@ discrepancy between tineedical contenbf the items andhe
codificationpractices Whensucha disruptionwas detectefbr one associatioriinding the item
corresponding to the actual coding practices was necessary. For example, two simple FAI
referring to acute myocardial infarctianth hypertension (FAI 83) and without hypertension (FAI
84)were constructed based on the medical correspmadtables. However, the continuity of the
mortality series for these two associatiofisype 1:1was not statistically significant (red flag in
the upper right corner ifigure 3.14, panel A. The two simple associations were joined in a

complex one to eliminate the disruptions detected in the transition years. The subsequent statistic
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verification did not check the disruptigRigure3.14 panel B) The discontinuity ithe mortality
seriegesulted fronthanges in coding practices for acute myocardial infaretfin the transition
from SG1965 to SE1970
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Fig. 3.14 Checking the statistical consistency of FAreferring to acute myocardial
infarction with and without hypertension according to 1965SC (19651969) and 1976SC
(197031980) before (panel A) and after (panel B) correctiondyloldova (log rate)

Note: Death ounts in 19661964 were added artificially to ensure a proper function of a statistical padagje

Source: author s cal c@Uafthe USER (alchivedalata pecovided Hy NETHlat a of T

While the automation procedure provided an excellent tool for identifying the
discontinuities, we could not completely replace the simple classical visualization of mortality
trends[169]. In some cases, we had to accept FAIs with statistical discorgmuiti

Table 3.4 FAIs and death countsby type based on themedical correspondence (M) and
statistical correspondence (S). Transition from 196%5C to 1976SC

. Association Deaths (in 19

Astsyopcel‘ Numbernqn Proporti Number Proporti
M S M S M S M S

type 1: 117 99 75 70 1493 7014 56 26
type 1: 7 9 5 6 13255 10169 5 4
type n: 17 14 11 10 522 162 2 1
type n: 14 19 9 14 9808 1839 37 69

Tot al 1595 1414 100 100| 2659 2659 100 100

Source: author6s cal c@SUafthe USER (arlshévedelata poovided by INETHlat a of T

Table 3.4 provides the distribution of FAIby type and number of deaths built on the
medical and stastical correspondence for the first transition. We produced 155 FAls relying on
the medical correspondence of items, i.e., before the statistical checking. Most association:
belonged to the simple type (117 associations or 75%). The number of simpgliatass® based
on statistical correspondence was reduced (99 or 70%) since simple associations were merged ir
complex ones. The distribution of deaths in a transition year according to the type of associatior

followed more essential changes after thaéstteal verification. Simple FAIs covered 56% of the
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total deaths in 1970 based on medical correspondence and 26% based on statistic:
correspondence. At the same time, the death counts involved in the complex associations increas
from 37% to 69%. Aftechecking FAls for their statistical consistency, 9% of FAIs belonged to
type 1:n and 14% to type n:1, but these associations concerned a small proportion of deaths (5%

The new classification in 1970 introduced some significant changes in-aadsath
codification independent of the medical definitions of items. It was especially evident for diseases
of the circulatory system. A complex association 74 concerning cardiovascular diseases covere
90% of all cardiovascular deaths and 40% of the total deati®70. When the statistical
continuity of FAIs wasensured, the nestep wasalculating the transition coefficients

C) Transition coefficients

Transition coefficientsvere computed in the framework of an associationmedistribute
deathsclassified under an old classification (1988)amongitems of a new classification (1970
SC). For FAI oftype 1:1, 100% of deaths undamnold itemweretransferred t@anew item. The
sanetechnique wasisedfor FAI of type n:1. In the case ¢fpe 1:n,deathscodedunder a single
item in the old classificatiowere redistributed according to tbbeservedproportions in a new
classification

Table 3.5 Double classification crosstable for FAI 137 built between
1965SC and 1976SC (a)and transition coefficients (b)

A)
1965SC
1970SC Deaths in
206 195 199 210| 1970
177 92 92
181 247 10 21 278
185 27 5 32
Estimateddeaths in 197( 366 10 21 5 402
Observed deaths in 196 346 9 20 5 380
B)
1970SC 206 195 199 210
177 25.1
181 67.6 100.0 100.0
185 7.3 100.0
Total 100.0 100.0 100.0 100.0

Note: The estimated numbers are shown in italic
Source: authords cal c@U afthe USBR (alchivedelata peovided by INE@lat a of T

In the case of complex associations (type n:n), transition coefficients were derived from a
double classitation crosdable produced for each FAI. Tal8& (panel A) gives an example of
such a table for FAI 137 presented Table 3.3. The shaded cells mean the absence of
correspondence between old and new itavs.assumed that the distribution of deaths in 1970
across the old items (estimated deaths in 1970) was picgadrto the distribution observed in

1969. Knowing the distribution of deaths by rows and columns, the deaths inside thH=less
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were redistributed. The transition coefficients were computed from the completedatiess
(panel B of Tabl&.5). In our example, 100% of deaths codified under old items 195 and 199 were
transferred to new item 181. Deaths coded under old item 206 were redistributed between ne\
items 177, 181 and 185 with coefficients 25.1%, 67.6% and 7.3%.

The reconstructed time series of deaths under-8%7@r 19651969 were prolonged with
the observed time series for 197980. In such a way, a cbnuous series of deaths classified
according to @70-SC was produced for 196880. Figure 3.15 demonstrates annual trends in
standardisedeath rates reconstructed under 2$for items involved in FAI 137 presented in
Table 3.3. The reconstructed time series were checked for statistical congistethe same

manner as FAIs.
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Fig. 3.15 Checking the statistical consistency of item&77, 181 and 18%rom FAI 137
reconstructed under 1976SC for 19651980,Moldova (log rate)

Note: Death counts ih960-1964 were added artificially to ensure a proper function of a statistical padkije
Source: authords cal c@U afthe USER (archivedelata peovided by INE[Hlat a of T

The statistical continuity of the reconstructed serias ehecked for the total of death and
by main age groups (less than one yed&9 Jears and 60 years and ovér)20 out of 210 items
thetransition coefficientsvere adjusted by age

3.2.2.2Transition from 1970SCto 1981-SC revised in 1988

During thesecond transition, we reconstructed the death time series undeSCoiIr0
19651980 according to the items of 198C. Then, we prolonged the reconstructed mortality
series with the observed series under 1981for 19811987. In such a way, we produced
continuous series for 196887 according to 1988C. The procedure of the reconstruction was

the same as for the first transition.
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Table3.6 presents the FAIBy type with corresponding deatbunts produced during the
second transition. The proportiaf FAIs of type 1:1wasthe biggestaccounting for 90% and
84% of associationsased on the medical and statistical corresponderfdést verifying
statistical consistency, the proportion of deaths attributed to simple associations decreased frot
88% to 25%

Conversely the number of complex associations based on medical and stadibti
correspondence was small in absolute and relative terms. However, after the statistical verificatiol
of FAIs, the proportion of deathsvolvedin complex associations increased from 1% to 69%
Transitioncoefficients for 19 out of 185 itemgereadjused by age.

Table 3.6 FAIs and death counts by type based on the medical correspondence (M) and
statistical correspondence (S)Transition from 1970-SC to 1981SC

Associati on Deat hls9 § 1 )n
Associ at Number| Proport.i Number Proporti
M S M S M S M S
type 1:1| 158 129 90 84 3668 1026 88 25
type 1:n 8 6 5 4 380 193Y 9 5
type n: 1 7 6 4 4 5114 466 1 1
type n:n 2 13 1 8 470 2881 1 69
Tot al 175 154 100 100| 41479 4147 100 100
Source: authoros calcul ations based on the dat @i7Jof TCSU o

In 1988, a particular amendmemincerningaccidental causes of death vea®pted. Under
1981SC, every accident, with a few exceptipngas presented as occupational and-non
occupational death. In 1988, this rule was cancelled. We reclassified deaths from accidents b
merging the two items of the 19&IC (occupational and naccupational) into one item of the
1988 SC.

3.2.2.3Transition from 1988-SCto ICD-9

In 19921995 NBS usedl988SCto codify causes of death, but NAPH adopt€®-9.

This situation allowed us to estimate the transition coefficients based on two data aquices

First, 4-digit ICD-9 data were aggregatedto 214 groups of causes of deatext, the annual
trends indeatts under 198&C and ICB9 were compared fa214 items Figure 3.16 shows
annual trends in deaths frofinl nf ect i ous (ltem B98 Lnded ICE arad 430 sinder
1988SC) andii Ot her nephritiinsc | airdd nmge mhrerpdienmst531589 s y n
under ICD9 and Item 129 under 1988C). In 1991, the total number of deaths classified under
the two classifications was the same.

In 1992, theravasan abrupincreasan deatls from item 129 ad asymmetricdeclinein
deaths from item 130'he exchange of deaths between the two 1988tems continued in the

subsequent year®n the other han@nnual trends in deaths frd@D-9 itemscontinued the 1988
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SC time series smoothlgimilar examples werdetected for several causes of death. Our findings

showed that the double coding in 198495d i d

not

represent

a genui

by some countries.

Table 3.7 FAIs and death counts by tyg based on medical correspondence amy type and
age based orstatistical correspondenceTransition from 1988-SC to ICD-9

a) based on medical correspondence, al/l ages
Type of assoc Associati on Deaths in 19
Number % Number %
type 1:1 137 83 23897 52
type 1:n 19 11 2995 7
type n:1 3 2 11504 25
type n:n 6 4 7451 16
Tot al 165 100 45848 100
b) based on statistical correspondence, by age
Less ytelman
Type of ass Associati on Deaths in 19
Number % Number %
type 1:1 113 80 353 25
type 1:n 16 11 75 5
type n:1 3 2 0 0
type n:n 9 7 1012 70
Tot al 141 100 1441 100
159 years
Type of ass Associati ol Deaths in 19
Number % Number %
type 1:1 87 71 2320 17
type 1:n 11 9 478 3
type n:1 1 1 347 3
type n:n 24 19 10459 77
Tot al 123 100 13605 100
60 yeaalsdearnd
Type of ass Associati ol Deaths in 19
Number % Number %
type 1:1 92 74 2152 7
type 1:n 15 12 1397 5
type n:1 1 1 630 2
type n:n 16 13 266214 86
Tot al 124 100 308014 100
Source: authorés calcul atidffs based on the NBS and NAPH d

To calculate the transition coefficients, we produced FAIls based on the redistribution of
deaths under ICP and 19885C in 1991. The FAIls were constructed separately for three age
groups:ess than one year;39 years and 60 years and older (T&bl. After verification of the

statistical continuity, more than 70% of all deaths in 1991 were included in complex associations.
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After the third transition, we produced continuous death series according to 214 groups of
ICD-9 items in 19651995

3.2.2.4Transition fromICD-9 to ICD-10

Data codified undelCD-10 fourdigit items (19962020) weretabulated into 21tauses
of death with medical content similar to 214 categorid€bF9 items.For 2020, we added a code
referring to COVID19 (U07.1).

Table 3.8 FAIs and death counts by type based on the medical correspondence (M) and
statistical correspondence (S)Transition from ICD -9 to ICD-10

I CDhoO
Type Associations Deaths (in 199
associ Number Proporti Number Proporti
M S M S M S M S
type 1197|142 95 85 4910(17560|98 35
type 14 2 2 1 277 424 1 1
type ne6 4 3 2 676 5 1 0
type noO 20 0 12 0 32070|0 6 4
Tot al 2071168 100 100 5005¢{50059|100 100
Source: authorés calculations based on NAPH dat a.

Table3.8 shows the distribution of FAIs by type with death counts in 1996. FAIs based on
medical correspondence belong almost wholly (197 or 95%) to the type 1:1, with four association:
of typegdsplim)yiand six of type fAmergingo
associations based on medical correspondence. However, after verification of the statistica
consistency, we produced twenty FAIs of type n:n, which covered 64% of the toted.d&athe
same time, the number of death counts involved in simple associations was reduced from 98% t
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35%. Our findings for the fourth transition demonstrated that the adoption e10C1as led to
changes in coding practices, independent of the memhosént of causes of death.

Figure3.17 showsa caseof someobstructive pulmonary diseases. In 19896en ICD 10
was adoptedthe standardisedleathrate from bronchiectasis and other obstructive pulmonary
diseasegitems494-496 underIlCD-9 anditemsJ44, J47underlCD-10) increasedinexpectedly
butthe rate focchronic bronchitis and emphysertieems490-492underlCD-9 anditemsJ40J43
underICD-10) declined symmetrically(panel A) To offset the death discrepanaye joined the
two simple associations into a complex gRAl 109).After applying the transition coefficients,

smoothed mortality series were produced for the two causes of death (panel B).
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Fig. 3.17 Annual trends in standardiseddeath ratesfor some obstructive pulmonary
disease<odified under ICD-9 and ICD-10 before(panel A) and after (panel B)

reconstruction
Sour c e: calauatiohsdbasédwon the data U of the USSR, NBS and NAPH7]

We adjusted the transition coefficients by age for 25 of B14-9 items.Using the
transition coefficients, we reconstructed the time series of deaths for thel396period
accordirg to 212 ICD10 items. These series were prolonged with the observed 0Ci2ries for
19962020. In such a way, we obtained continuous mortality series undet0G&r 19652020.

3.2.2.5Additional a posteriori corrections

Additional sacalleda posterioricorrections were made to remove the discontinuities in

the death time series resulting from changes in coding practices unrelated to the adoption of a ne
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classification. These changes occurred during the-ratesion peiod and were eliminated by
posterioricorrection.Four rounds o posterioricorrectionweremadeafter every transition from
an old classification to a neslassification

Figure 3.18 gives an example a posterioricorrection for rheumatic diseasesoduced
after the first transition from 1965C to 1976SC. The number of deathsages 159, codifiedas
Chronic rheumatic heart diseas@tem 85 under 19743C), decreased suddenly in 1978his
decline wasaccompanied by symmetric increase in deatfrem Active rheumatisniitem 84
under 19765C). The observed exchange of deaths between the two items resulted from change:
in coding practices. Working with the archived documentation, we encountered the instructions
issued by the TCSU of the USSR in 1973 conogrpreparing the annual forms 5 and[5B0].
According tothe new instructionspecial attentiohad to be paitb codifying deaths fronactive
rheumatism(item 84 in ages above 15 years old and chronic rheumatic heart dis¢iéses89
in ages beforel5 years old. Tenewrules causedn exchange deaths between the tvitems in
1974 To correct this disruptionwe transferred 30% of deatltedified asitem 85 (item of
entrance}o item 84(item of exit)for every year il9651973in ages 159.

Number of deaths Number of deaths

600 A) 600 - B)
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400 — 400 ~

300 300 —
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200 — 200 —

~, —_—
- —_
N \\ ,/

85: Chronic rheumatic
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| | | 1 1 1 1 | | | | 1 1 1 | |
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Fig. 3.18 Annual trends in deathsreconstructed under 1976SC from items 84 and 85

(A) before and B) after a posterioricorrection in ages 1-59, Moldova (abs.)
Source: author 6s daaotTmSU afthe USSR (arfchivededata peovided by INED)]

Not all of the codification rules were followedby the statistical offices of eackSU
republic For exampledisregarding the TCSlhstructionsto attribute aminimad numberof
medicaldeathcertificates toOther liver cirrhosis(item 125 under 1978C), theshareof deaths
classified under this itemanged between 60% and 70% during the Soviet panitatal deaths

related tadigestive systerdiseasesThe same practice continued after inelegience.
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Totally, 45 items were correctexd posterioriafter the first transition, 23 items after the
second, six items after the third and ten items after the fourth transition. In most cases, correctio
coefficients were adjusted by age.

3.2.3. Redistribution of deaths from Senility and othét-definedcauses of deaths

3.2.3.1lll -definedcauses of deatht the national level

Before the end of the 1980sery few deaths wemded asenility (item 158 under 1981
SC, 797 under ICB® and R54 under ICL20) orother itemgeferring toill -defined causes. The
situation changethoroughy after 1989 when the Health Ministry issued niestructions about
codifying deaths froncirculatory systendiseases among peopleged80 and overand sudden
cardiac deathinyounger age According to new rulesany death afteage80 had tobe codified
assenility unless precise cause of death could be identified basedealicaldocumentation, an
autopsy reportor thedeathresulting fromexternalfactors[32].

The number of deaths from senility increased drastically in Moldova \iliemew
instructionscame into forceln 1993, the numbeosf deaths fronmsenility was17% of all deaths
(12% in men and 21% inwomer). On the other hand, the number d¢aths fromsome
cardiovascular diseasesspeciallyfrom atherosclerotic cardiosclerosigleclined sharplyThe
newinstructionsalso prohibitedodifyingdeaths fronacutecardiovascular diseasigsages before
80 unlessn autopsy report confirmed the diagno§lss situation explainedhigh proportionof
deathsfrom senility before 80(20% in the age70-79 and 2%in the age60-69 in 1993).The
reduction in deaths from si#ity started after 1993, with a proportion of 5% in 1997 and 3% in
2000 and less than 1% in 2020. In contrast to senility, trends in annual deaths attributed to ill
defined causes of death, except for senility (item 159 under-3@317806796, 798, 799 nder
ICD-9; ROGR53, R55R99 under ICB10), did not follow significant changes.

Deaths from senility had to be distributed between other causes to remove discontinuities
in thetime seriesWe tested the following types of distribution of senility deaths:

1. a proportional distribution among all causes of death;

2. a proportional distribution among circulatory system diseases;

3. aspecial distribution among cardiovascular diseases.

The first mebhod was rejected because af artificial excess in canceteathsafter the
distribution of senility deathsespeciallyamongthoseaged 80 years and ovéihe secondnd
third method werelimited to threegroupsof circulatory system diseasdeeart, cezbrovascular
and residual. According to the third method, senility deaths were distributed by specially computec

coefficients The algorithm otheir calculations presented in detail in Annegg
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Figure 3.19 shows the corrected trends in circulatory system diseases after distributing
senility deaths according to the secdddstribution 1)and third(distribution 2)methods. The
results of thesecond method were questionable due to an artificial excess in deaths from
cerebrovascular diseases and a residual group. By contrastvitiieends obtained after the third

method removed the peak of deaths from cerebrovascular diseases and a mesigual g
1000 —

1500 —
Cerebrovascular dis.

700 —

oy,

»
», ‘o

5 ‘,.".,".ﬁ J’ LS ARIEY x

2 400 - “

. e g,
2l fxs .

. . o

.

H & 1
N

1200

“am

1004 1 1 11 1 1 1 1 1 11

2005
2010
2015
2020

900

SDR per 100000

45—

600 35—

25 A

i A AU Al

Heart diseases 15 '\k/’\"‘/’ TAN

'\,’.,9’ £y

300 — :

N T N T N T N Y A IO 51 1111
N O W O WV O 1V O Wu O Wu O N © 1 O 1N O WV © W O 1 O
O MM M 0O 00 &0 OO0 O ©O v« «— O I~ s 0 0 O O © O v« v«
o OO OO0 OO OO O O O O O o OO OO OO OO OO O © O O C O
FFFFFFF N N N NN - - - - - - - NN N N N N
Before distribution After distribution 1 ====s=s=- After distribution 2

Fig. 3.19 Trends in the standardiseddeath rate for three groups of circulatory system
diseases before and after distribution of senility deathaccording tolimited (1) and special

proportional distribution (2)
Source: authordéds calculations based [Wlh the data of TCSU o

Thedistribution of senility deathshangedhe trends in mortality frorairculatory system
diseasesn the 1990s and early 2000dnadjusted trends in mortality from heart diseases and
cerebrovascular diseases declined considerably in the early 1990s, followed by a sharp increa:
from the mid1990s until 2005. The reduction in cardiovascular mortality in the early 1990s is
inconsistat with the allcause mortality trend characterised by a steep increase in the 1990s causet
by a severe socioeconomic crisis. Undoubtedly, the decrease in cardiovascular mortality in the
1990s is artificial andaused by the mortality growtftom senility.Conversely, the cardiovascular
mortality trends after the redistribution of senility deaths followed a dramatic rise iR1P9%1
anda moderate decline in the second half of the 1990s. The new trend corresponds entirely to th

overall mortality evolutionOur study used the corrected deaths from circulatory system diseases

after a special distribution of senility deaths.
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3.2.3.2lll -definedcauses of deatht thesub-national and district levels

The mortality growthfrom senility deaths was more widespread irarareas than urban
ones, especially among the female population. In 1991, the proportiomefiiied deaths varied
between 4% in urban males and 21% in rural females, with an average of 13%. More than 98% c
ill-defined deaths were attributedtoite@v,/fise ni | i ty wi t hout menti oni
19911993 period, we preliminary redistributed these deaths betwleerthree main groups of
cardiovascular diseasascording to the coefficients compuitatithe national levehs explained
in section3.2.3.1. Figure 3.20 presents the ag&pecific deathrates from cardiovascular diseases
by place 6 residence before and after the redistributiorsenility deaths among the female
population.For rural women aged 85 and older, the corrected atd991:1993 should be
multiplied by three for heart disease and 2.6 for cerebrovascular diésseorresponding
correction coefficients for urban femaleere 76% and 25%, respectivéljationally, the residual
group changed the least after correctidfta. men, tle adjustments of cardiovascular death rates
were quite close to those estimated for wone@0032005and 201420, ill-defined deathwere

less than 19%8nd wereaedistributed proportionally between other causes.
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Fig. 3.20 Age-specific mortality rates from three main groups of diseases of the circulatory
system by place of residence before and after the redistribution eénility deaths Moldova,
females, 19911993 (per 100000)

Source:authoés cal cul ations based on NAPH and NBS dat a.

The problem of mortality growth from senility in the 1990s was also solved at the district
level. The share of iHdefined causes of deathriedfrom less than 1% in the Orhei district to 35%

in the Soldanesti district.he geographic profile of proportionate mortality atahdardisedeath
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rates from senility was almost identical in 198495 (Figure 3.21). Overall, the practice of
attributingdat hs to senility was more prevalent i
population ageing is most pronounced. At the same time, in the municipalities of Chisinau and
Balti, Transnistria, and some districts, the proportion of deaths attribugeditiby was barely 8%
in total mortality. The observed situation is due to the younger population structure in these

geographical areas and better medical diagnoses of causes of death
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Fig. 3.21 Regional profile of proportionate mortality (A) and standardiseddeath ratesfrom
senility (B) in 19921995 both sexesMoldova

Note: AQuantileod style of classification was wused
Source: aut horoés calculations based on NAPH and NBS dat a.

At the district level, we used the approadppliedat the national leveDeathsdue to
senility among those aged 80 and over were redistributed according to special coefficients amon
the three main cardiovascular groups (heaatebrovasculanda residual group A proportional
distribution was applied for old age groupfore80.

In 20122016 the low proportion of ildefined causes of death (0.7%) did not affect the
results. Most of the deaths due ted#éfined causes (94%) were recorded among males (74%) in
the nmunicipality of Chisinau (37%) and classified under F&#0 (unattended death and other ill
defined and unspecified causes of mortality).

3.3. Discussion for Chapter3

The study presented in Chapter 3 aimed to assess the quality of primary statistical data an
develop the correction methods at the natiosiabnationaland district levels. We identified the
following data quality problems for Moldova that required wmtisolutions:

1. The absence of valid intercensal population estimates for the years before 2014;
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2. Incomplete registration of infant deaths and underestimation edig#gdmortality in the
1960s and 1970s;

3. Discontinuities in death time series induced by mkcichanges in the classification of
causes of death;

4. The growth of mortality from itdefined causes of death in the 1990s.

The data quality problems mentioned above were identified at the nationalatevel
automatically appeared at tBebnationaland district levels Further, we discuss the obtained
main findings regarding these four issues
Main findings and discussion

A) Population data quality

Reliable data on population counts by age and sex are critical for producHspesjec
rates and differensummarizing measures such as life expectancy. We identified different
problems concerning the population counts in the Soviet period and after independence. Th
official annual population counts in older ages were problematic for the years precedingthe 19
census The problem resulted from the population age heaping quite pronounced for the Soviet
censuses.

For the independence period, the official intercensal estimates were not produced.
Alternatively, for a very long period of independence, the pojulabunts referring to a smalled
de jurepopulation were in use. These estimates were based on theet8®&vital statistics and
highly incomplete migration statistic®ur results showed that usiofficial de jurepopulation
counts leads to a seeeundefregistration of birth and death ratés.recent years, the official
statistics underwent essential changes to be more consistent with international recommendation
In particulartheaccurate postensusstimates ef erri ng to the Afweaaall
produced by NBS for the years after 2014, including by place of residence and district.

Our study relied on the official populatidataonly since 2014. For the previous years, we
used theHMD-like popuation estimates produced according to the HMD methodology for-1959
2004 [121], completed with proper intercensal estimates for 2204 We did not produce
intercensal population estimates by place of residence or district due to the absence of reliabl
i nternal mi gration statistics for the indefg
division was modified a few times during the independence. We relied on the census estimates fc
mortality analysis at theubnationaland district levels. @er researchers often use such a practice
[46, 47] The populationdataby social characteristics (marital status, level of education, place of
residence) underwent preliminary treatmenbeaconsistent with the population data estimated at

the nationalevel.
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B) Underestimation of infant and olalge mortality

Assessing agspecific mortality rates since the late 1950s in Moldova pointed to
significant data quality problems in infancy and older ages. Regarding infant mortality, we
distinguished two different types of undegistration of infant deaths. The fitype was linked
to a genuine undeegistration of infant deaths before 1973. The same problem was described for
other FSU countries, but the degree of undegistration in Moldova was much more pronounced
[171]. According tathecorrection methogropased in the studythe official infant mortality rates
must be increased by 34% in 1955, 47% in 1965 and 50% in[193R The second type of under
registrationstemmed fronthe Sovietdefinition of live birthusedin Moldova until 2008 The
Soviet definiton of live birth used in FSU countriésd to the underestimation of infaaieathrates
and their incomparability with other countri¢$72]. The secondtype of infant mortality
adjustment, based on the experience of the Baltic states, had a minor effect on life expectancy
birth. From this point of view, we did nabrrectinfant deaths at theubnationaland district
levels.

Old-age mortalityunderestimation wasonsiderablen the 1960s and 197@nd mainly
resulted from misreporting age at deafhe identified problem is common for FSU countries,
where observed life expectancies at advanced ages in the 1960s and 1970s are suspiciously hi
compared to Western countries witligh-quality population datg173]. This problem was
partially solved thanks to the HMlike old-age population estimates based on methods of extinct
or almost extinct generatiofit74]. However, since the method of extinct generations depends on
the quaity of death data, oldge mortality estimates were still underestimated. Our study used a
correction method based on fiealeDemenymodel life tablesThe same approach was used for
old-age mortality correction in the Soviet period in UkrdB@. After infant and oldage mortality
corrections, the restimated trends in life expectancy at birth became more consistent over time
and closer to the level observed in Ukraine, Russia and Romaniasésten 4.1). The
completeness of death registration inltava from the 1980s onwards is considered flgh].

C) Reconstruction of the continuity of the death time series

Disruptions in time series caused by changes in the classification of causes of deatt
complicate the analysis of mortality for anguntry over time and between the countr@ar
study used a special method to reconstruct coherent death time series according to a fixe
classification developed by Vallemd Mesl§18]. The method of reconstruction was successfully
appliedin different countriedor different periodsFrancd40], Russid42], Ukraine[32, 43, 128]
the Baltic countrie$169], Belarus[37, 44] Armenia and Georgipt5], the Czech Republic and
Western Germanf46], Poland47].
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In Moldova, the classification of causelsdeath was changed in 1965, 1970, 1981, 1991
and 1996. Weeconstructedhe continuity ofthe death time seriesn Moldova for 19652020
according tadetailediICD-10 groups[176, 17] Four subsequent transitions were performed, each
involving three basicsteps: the correspondence tables, fundamental associations of items anc
transition coefficientsWe checked the reconstructed series for statistical coherence after each
transition at the level of fundamental associations and detailed causes ofAdiehtibnally, a
posterioricorrection wasnadeafter each transitioto eliminate disruptions caused by changes in
coding practices between two revisioish e fimi ssi ngo i nfant deat !l
estimated after two infant mortality and eédde mortality corrections were redistribution between
all or specific causes of deaths a result, w@roduced a database of the reconstructed time series
in 19652020by sex, age and 212 ICID groups of causes of death. Our database met the criteria
for comparability, completeness and consistency and was integrated into the internationa
database, The Human CaudeDeath Database (https://www.causesofdeatficgr
bin/main.php), coordinated by the French Institute for Demographic Studies and Max Planck
Institute for Demographic Researd?26] (Annexes 16 and17).

We did not reconstruct the continuity of the death time series atutheationallevel due
to the statistical instability in mortality data associated with redbtiMow death counts.
Alternatively, we used the aggregated data according tprtheipal groups of causes of death
less affected by changes in the classification of causes of death.

D) Illl-defined causes of death

The growth of senility deaths in the 1990s occurred in FSU countries due to changes in
codifying causes of death at advanced agd®988 For example, the share of senility deaths in
1992 constituted 2.5% of total deaths in Russia and 10% in Uki32jeln Moldova, thee
changes werenuch more marked and affected the trends in cardiovascular mortality among the
older populationWe tested three correction methods and provided an algorithm for distributing
senility deaths among circulatory system diseaseerding to special coefficients.

Let usdiscusghe results of the three methddstedfor Moldova compared to Russia and
Ukraine where senility deaths were redistribut@dsimple proportional redistribution of senility
deaths between all causes ddath (method 1)vas acceptedor Russia[42]. However, this
approactresulted in an implausible peak of deathssimme detailed causes at advanced ages in
Ukraine We observed the same situation kdoldovan dataThe created excess in deathas
especidy pronouncedor cancemortality, known for its insensitivityo the socioeconomic crisis
of the 1990sFor Ukraine, thisituationlimited the proportional distribution of senility deaths to

circulatory system diseases (method[£3]. However, we had to find another solution for
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Moldovan data and redistribatesenility deaths between cardiovascular items by special
coefficients (method 3)17]. The distribution of senility death between three main groups of
circulatory system diseasesas produced at thsubnational and district level using the
coefficients computed at the national level. At the level of main groups of causes of death, senility
deaths were recodified as deaths due to cardiovascular diseases.

3.4. Conclusionsfor Chapter 3

1. The intercensal population estimates produced according to the HMD methodology in
collaboration with MaxPlanck Institute for Demographic Research for the 1ZE¥
period were completed with the proper intercensal estimates for the22Q@4oeriod and
the official postcensus population estimates from 2Qlife expectancy at birth computed
based orhe official de jurepopulation datare significantly overestimated (in 2019, 2.6
years in females and 3.2 years in mal&pulation data by place of resitte, marital
status and level of education was adjusted based on the censuses in 2004 and 2014.

2. Two types of infant mortality corrections were proposed. The first type was linked to a
genuine underegistration of infant deaths in Moldova before 1973 |evthie second type
stemmed from the Soviet definition of live birth used until 2008. According to our
estimatesthe infant mortality rate must be increased@96in 1959,56%in 1965 and
61%in 1972. After 1973, the adjustmectefficient variedbetween7% and 236. The
maximum effect ofhe firstinfant mortality correction on life expectancy at birth \iag3
years in males antl9years in females 1959 The effect of the second infant mortality
correction on life expectancy at birth was minor and varied between 0.13 and 0.25 years.

3. Based on the model regional life table,-alge mortality corrections were produced for
males in 195%8andfemales in 19590. The underestimation of life expectancies in older
ages resulted from misreporting age at death, whidkipisal for FSU countriesThe
maximum impact of oldhge mortality correction on life expectancy at birth was 2.72 years
in males and 3.8 yearsfemales in 1960.

4. We reconstructed continuous death time series by sex and age according to detailed ICD
10 groups of causes of death (211 categories) for Moldova ir2@8% Our database met
the criteria for comparability, completeness and regulanty was integrated into the
international mortality database, The Human Caxfdeeath Database, coordinated by the
French Institute for Demographic Studies and Max Planck Institute for Demographic
Research. A special distribution method of senility deatheng cardiovascular diseases
in the 1990s was proposed at the national level and acceptedabtietionaland district

levels.
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4. CHANGES IN MORTALITY TRENDS AND PATTERNS IN THE
REPUBLIC OF MOLDOVA IN 1965-2020

Chapter 4 examinesgverall and causapedfic mortality trends since the mitl960s in
Moldova. First, thesvolution oflife expectancy at birtragespecificand causepecific mortality
profiles in Moldovas compared to Ukraine and Romania. Néixg¢standardisedeath rates from
leading and detailedauses of death iMoldova are presented across broad age groups based on
the reconstructed time serigsttention wasgiven to COVID19 mortality in 2020. Finallythe
principle age and causepecific risk groups sponsible for excess mortality in Moldova are
identified compared to the European model

4.1. Mortality trends and patternsin Moldova compared to Romaniaand Ukraine

In this section, we examine the evolution of life expectancy at birth in Moldova compared
to Romania and Ukraine since 1959 in the context of social and economic circumstances tha
occurred in these countries in the second half of thie @htury and the first two decades of the
21% century. A focus is made on the decomposition of life expectahbirth by cause and age
over the periods of deterioration and improvement in the three countries.

4.1.1. Changes in life expectancy at birth

Figure4.1 shows the evolution of life expectancy at birth by sex in Moldova compared to
Romania and Ukraine since 1959. Moldoaaad Romanian populatiohadasimilarrisk of dying
in the 1960s and the early 1970sjchhigher than in Ukraine, especiallyfemales In 1959, the
gap in life expectancy at birth between the two countries and Ukraine was more than 4.0 years fc
men and even more than 6.0 years for womesspide the initial poor health conditions, overall
mortality had fallen rapidly in Moldova and Romania by the-a860s. In Romania, mortality
increased in males and stagnated in females during the communist regime, and the deterioratic
of t he pleplthaceeleratednnimediately after the 1989 revolution. It was only aféer 199
that the life expectancy in Romania increased steadily.

Life expectancy in Moldova and Ukraine declined continuously in the 1970s and the early
1980s, particularly amongpales During thelong-term deterioration of thepopulatiord &ealth
(19651984), life expectancy declined by 3.9 years in males and 1.2 years in females in Moldova
and3.3 and 0.6 years in Ukraine, respectively. In contrast to Ukrainian women, Moldovamwome
experienced a deep decline in life expectancy at birth in the 1970s.

The longterm decline in population health in the two former Soviet republics was
interrupted due tthe anttalcohol campaigr{19851987) launched by Mikhail Gorbachev in the

FSU. Thecampaign resulted in a considerable but stesrh life expectancy growtin Moldova,
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from 1984 to 1987, life expectancy increased by 3.3 years in males and 2.4 years in females. T

campaignodés effect was | ess cr i(23iyearsin 1984986J K r a
and females (0.9 years in 198986).

Thefading effect of thenti-alcohol campaignin the late 1980s slowed life expectancy
growth and reversed the trend. Between 1987 and 1991, life expectancy in Moldova was reduce
by 1.2years in males and 0.3 years in females. The losses in Ukraine were more marked than i
Moldova (respectively, 2.3 and 0.7 years).

The collapse of the USSR led tosaveresocioeconomic crisighat hit the newly
independent statedue to a sudden transitido a market economy. Compared to Moldova, life
expectancy losses were more striking in Ukraine, where between 1991 and 1995, males lost 3.
years and females 1.8 years. Over the same period, Moldovan life expectancy declined by 2.1 yea
in males and 1.8ears in females. In the late 1990s, a skenrn postcrisis recoveryoccurred in
the two countries despite a continuing economic crig$éween 1995 and 1998fe expectancy
increased byl.8 and 1.9 yearsn Moldovan and Ukrainian maleand 1.6 and 13 years in

Moldovan andUkrainian females.
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Fig. 4.1 The evolution of life expectancy at birth by sex in Moldova compared to Ukraine

and Romania by sexsince1959
Note: For Ukraine in 2012020, the dataxclude theéemporarilyoccupiedterritory of the Autonomous Republic of Crimea, the
regions of Donetsk and Luhandke last year of observatiomas2020for Moldova and Ukrainand 201%or Romania
Sourceaut hor 6s cal cul at i o n,she Romaneam National Institiee oHStafisticd data and thes State
Statistics Service of Ukraine data.
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Following wide fluctuations in the late 1980s and the 1990s, life expectancy mainly
stagnated until 2005, followed by visibtfaprovementsBetween 1998 and 2019, men gained 2.1
years of life expectancy in Moldova and 3.4 years in Ukraine. In women, the recent progress wa
the same in both countries (2.6 yeaBgtween 2019 and 2020, life expectancy declined by 0.8
years in men and 1.1 ysan women in Moldova and by 0.6 years and 0.8 years in Ukraine. The
COVID-19 pandemic in 2020 stopped these moderate advances

4.1.2. Changes in agespecific mortality profiles

Figure4.2 presents the ratio of aggpecific mortality rates in 1965 (baseline year) to death
rates registered iseveralyears with a 1§ear interval. In all three countries, the changes in
mortality patters were not consistent across age, with migajed males being the most affected
group. In1975 mortality rates among males aged 40 to 54 were close to the 1965 reference yea
(Romania) or increasdaly 30% (Ukrainepr6 0 % ( Mo | d o v a )worseNegjradually & e a |
decade lateland the deterioratioaccelerated through the 1990s. In 1995, the risk of dying among
men in the aforementioned age group was already more than double that of the reference year
the three countries. At the same time, infant mortalityMoldova and Romania, which
experiened much higher levels than in Ukraine in the 1960s and 18ié@8ned considerably
nearly twice between 1965 and 1995. The improvements in child mortality were much less eviden
than in infant mortality. In Romania, the situation was exacerbated bymatitautbreak of HIV
infection among children in the late 1980s.

In Romania, in 2005 and 2010, the age profile of male mortality showed significant
improvements across all age groups. Mortality rates were below the 1965 reference level for th
under40s and over60s and fell to the 1985 level for the middiged Progress has continued over
the last decade for the lattéhough still staying above the 1965 threshold in 2019. In 2005, the
curves for Moldovan and Ukrainian males were neadtical to those in 1995. In 2010, death
rates in Ukraine declined substantially across all age groups, particularly among young anc
middle-aged men. In Moldova, due to a jump in mortality in 2010, it remained at the 2005 level.
Finally, in 2019, mortaty rates in these two former Soviet republics were below the 1965
reference year only for those under 30. At the same time, adult mortality remained at the 198t
level, particularly among middiaged men.

The agespecific mortality pattern of women is cheterized by much lower mortality
growth in Ukraine and stagnation in Romania during the period of deterioration. The mortality
increase among middiged Moldovan women in the 1970s and 1980s was as marked as among
men. However, in contrast to men, wombaowed a much more marked decline in adult mortality

during the improvement period. Romanian women had lower mortality rates in all age groups in
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2019 compared to 1965, while among Moldovan and Ukrainian women, the situation amelioratec

only for ages up t80.
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Fig. 4.2 Changes in agespecific mortality rates relative to 1965 in Moldova, Romania and

Ukraine, males

Note: see Figl.1 The eference yeas 1965(The matio is equal to 1.0)
Sourceaut hor 6s calcul ations based on the HCD database, t he F

Statistics Service of Ukraine data.

4.1.3. Decomposition of the difference in life expectancy

Figure4.3 illustrates the decomposition of the difference in male life expectancy at birth
by age and cause of death over the deterioration and improvparedsin Moldova, Romania
and UkraineThefirst period laseéd from 1965 to 2005 in Moldova and Ukraine and from 1965 to
1996 in Romania. Consequently, tecondoeriod was from 2005 to 2019 in the FSU countries
and from 1996 to 2018 in Romania.

During the deterioration period, the loss of male life expectantyrtit was higher in
Ukraine (6 years) than in Moldova and Romania (2.3 years and 1.3 years, respectively). Howevel
in the latter two countries, the rise in adult mortality was offset by a reduction in infant mortality.
In Moldova, the contribution of infa mortality reduction to the overall changes in male life
expectancy at birth between 1965 and 2005 was 2.5 years (versus 1.7 years in Romania and (

years in Ukraine). These improvements were made primarily through the control of respiratory
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diseases.flunderl15 mortality is notonsidered, male life expectancy decreaseddwenyears

in Ukraine,by 5.3 years in Moldova in 196505 and by 3.2 years in Romania in 196
Cardiovascular disease was the primary component in deteriorating adult heaitimtang for

1.6 years of the decline in life expectancy at birth in Moldova, 3.8 years in Ukraine and 2.3 years
i n Romani a. The other two causes of death
deterioration period were external causes of daathdigestive diseases. Their combined adverse
effecconmendés | i fe expectancy at birth was 2.5
years in Romania. If external causes played a rratieal role thandigestive diseasas Ukraine

and Romania, then in Moldova, the influence of these two categories of atetatetl deaths was

the same.
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Fig. 4.3 Contributions to the changes in life expectancy at birth by age and causedséath
during a period of deterioration and a period of improvement in Moldova, Romania and

Ukraine, males
Note:seeFigure4.1.
Source: aut horés calculations based on the HCD database,
Statistics Service of Ukraine data.

From 2005 to 2019, men from Moldova and Ukraine gained 3.9 years and 5.3 years of life
expectancy at birth, while the increase in Romania was 6.7 years from 1996 to 2018. For Moldova
and Ukrainian men, progress was ¢lgiéinked to a reduction in mortality due to external causes
of death among young men and middged men (1.1 years and 1.9 years, respectively).

Cardiovascular mortality reduction h#éksimpact in these countries (0.9 years and 1.5 years,
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respectively. On the contrary, the period of improvement in Romania was marked by a substantial
decrease in cardiovascular mortality in the miektied and the elderly (3.1 years) and external
causes of death in young men (1.3 years). In all three countries, |detarpy growth was also
associated with a further drop in infant mortality from a residual group of causes of death
represented in infancy by conditions originating in the perinatal period.

Similar to males, the loss of life expectancy at binttemalesver the deterioration period
was partially counterbalanced lgsentialimprovements in infant mortalityF{gure 4.4). In
Moldova, the increasim adult female mortality was mainly related to diseases of the digestive
system. The worsening of women's health in Ukraine was mainly due to increased cardiovascule
mortality amongolder adults while mortality among Romanian women was stagnant with a
moderate positive contribution frorespiratory system diseasd$he improvement period saw a
significant decrease in cardiovascular mortality among middle and older women in Romania (4.C
years of the total increase of 6.4 years). The exact cause of awdtibuted to female life
expectancy growth in Moldova and Ukraine (2.0 years of life expectancy growth of 4.1 years and

3.6 years, respectively).

Females

Moldova Romania Ukraine
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Fig. 4.4 Contributions to the changes in lifeexpectancy at birth by age and cause of death
during a period of deterioration and a period of improvement in Moldova, Romania and

Ukraine, females
Note: sedrigure4.1.
Source: aut horoés calcul ations based teadStatidties dath@ril thd &tdatea b a s e ,
Statistics Service of Ukraine data.
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4.1.4. Changes instandardiseddeath rates from main causes of death

Trends instandardisedeath rateby sexfor the seveteadingcauses of death since 1965
are presented in Figure5. In all three countriegsirculatory systengiseasesccounted for 55%

- 60% of all ma¢ deaths over the whole period. The cardiovascular mortaditgase irl969 in
Romaniamay be partlyfinked to the transition from ICO to ICD-8. In the early 1970s, men in

the three countries experienced a similar risk of death from cardiovascuteedisat subsequent
growth in the 1980s was more pronounced in Moldova and Ukraine than in Romania. In both FSL
republics, the 1985 anrgilcohol campaign resulted in a rapid but brief reduction in cardiovascular
mortality, followed by a very steep rise sad by the socioeconomic crisis of the 1990s. Between
1989 and 1995, thstandardisedleath ratesn these countriesose by about 30%. After a short
decline in the late 1990s, cardiovascular mortality resungeowth in Ukraine and
stagnated/decreased in Moldova, followed by a decline after 2005. In Romania, mortality growth
from circulatory system diseasasceleratednmediately after the 1989 revolution, increasing by
15% between 1989 and 1996. Since then, a continuous decline in cardiovascular mortality ha
been registered in this country, with the current level of mortality corresponding to the early 1960s.
Trends incardiovascular mortality in females wepeetty similar to those in males. During the
period of deterioration, cardiovascular mortality in women stagnated in Romania or experiencec
less acute growth than in men in Moldova and Ukraine. Furthermore, thenicé of the anti
alcohol campaigifollowed bythe crisis of the 1990s was stronger among women in Moldova than
in Ukraine.

Mortality from neoplasmsthe second most common cause of death since the late 1970s in
Ukraine and the late 1980s in Moldova anohi&nia, tends very differently before and after the
collapse of the communist system. In Romania, the stagnation period of the 1970s gave way to
steady increase from the 1at®80s onwards. In Moldova and Ukraine, the situation worsened
rapidly throughotithe 1980s; however, the 1990mrkeda markeddecline in these countries.
Nevertheless, since the beginning of the millennium, a rapid increase in cancer mortality has
resumed in Moldova, while in Ukraine, the decline/stagnation continues to date.

Respiatory systendiseaseswith standardised mortality rates higher than cancer rates in
the 1970s and even in the 1980s in Moldova and Romania, have dropped significantly over the
entire period. The downward trehdltedduring the social turmoil of the 199@s Ukraine and
even reversed in Moldova. In Romania, the recent period has been marked by stagnation i
mortality caused by respiratory diseases and even by the start of a new upward trend.

External causebBave beethe third leading cause of death amafgainian men since the

mid-1990s, while this cause of death has the same or a very close level of mortality as respirator
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and digestive diseases among Moldovan men (since th&98ik) and Romanian men (since the
early the 2000s). External causes of tdedike cardiovascular disease, wesesceptil@ to
socioeconomic and political upheavals in the three countries, particularly Ukraine. In the two FSU
countries, the mortality curves for men followed the same trajectory up to the beginning of the
1990s, ot the socioeconomic crisis caused a mondre significanincrease in Ukraine than in
Moldova. Between 1965 and 1995, mortality from external causes of death more than doubled ir
Ukraine and went up by 80% in Moldova and 70% in Romania. In Ukraine,aaftanporary
amelioration in the late 1990s, a new upsurge in external deaths occurred, followed by a dee
decline after 2002vhich accelerated in 20080. In Moldova, after 1992, the year of the military
conflict, male mortalityemainedstagnant until 205, followed by an improvement. In Romania,
violent deaths among males began to fall steadily after 1996. Females in Moldova had consistentl
higher death rates from external causes than in Romania over the whole period or in Ukraine ove
the Soviet periodMoldovan women were twice more likely to die of violent causes than Romanian
women in the 1980s or the first decade of the millennium. Even in 1977, avhénearthquake

hit Romania standardised mortality rates were 50% higher in Moldova than in Ranfstnihe

same timethe general trend in female mortality from external causes in Moltlagabeen
downward since the miti980s, without an upsurge in the 1980served in the case Okrainian
women.

Mortality from digestive systemliseasegxperienced a very unfavourable evolution in the
countries analysed. Moldovan and Romanian men had a similar level at the beginning of the
period, about 70% higher than that for Ukrainian men. In Moldova, the mortadigase fothis
cause of death wasbustbefore the antalcohol campaigrthestandardisedates were multiplied
by 2.5 from 1965to 1984. This spectacular increase enormously widened the gap between
Moldova and the other two countries (more than twice with Romania and three times raitieUk
in 1984), where the situation worsened considerably less. After the abolition of restrictive anti
alcoholic measures, mortality growth was less severe (50% from 1989 to 2005), followed by a
moderate decline after 2005.

In contrast to Moldova, Ukraingaw the fastest growth after independence, while a sharp
decline occurred only in 2009 and 2010, followed by stagnation. In Romania, the increase in
mortality from digestive diseases began in the 1980s and escalated after the 1989 revolution, wit
no marked improvement over the last two decades. Trends in female mortality from digestive
diseases were very close to those in males but with lower values except for Moldova, where th
sex ratio was 1.1 to 1.4 (only in the 1960s and the last decade, it waslIntoee). Like men,

Moldovan women experienced impressive growth in mortality due to digestive diseases in the
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1970s, with a multiplication oftandardisedates by 3.7 times between 1965 and 1984. Since

Romanian and Ukrainian women mainly experiencednstign or a moderate increase in

mortality in the Soviet period, the gap with Moldova in the 44880s rose to 3.5 times for

Romania and 6.6 times for Ukraine.
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Mortality from infectious diseaselad declined more than four times in Moldova and
Romania and more than three times in Ukraine by the late 1980s. The subsequent period of soci
upheaval was assocgat with a reversal in the mortality trend for this pathology. Male mortality
attributable to infectious diseases increasedddbbetween 1989 and 2005 in both FSU countries
and 80% between 1989 and 1996 in Romania. Subsequent reductions in mortalityféaious
diseases were as strong as the previous growth, bredaet trend in Romania points danew
upward trend. The saniecreasingrend for the recent period has been observed in Romania and
for the residual group of causes of death.

4.2. Mortality trends by age andcauseof deathin Moldova

In this section, based on the continuous time series reconstructed und&d,|Cuse
specific mortality trends are analysed by main age groups: less than onehyelnen and
adolescents aged1¥ years old, young adults aged-39 years old, mature adults aged6&d
years old and older adults aged 65 years and over. First, the mortality profile for each age group |
presented for seven main causes of death and theselemteddetailed caused.he selection of
the main group for the detailed analysis varies according to the age categuoeye4 presents
supplementaryigures anddata onstandardisedeath rats in 1965 and 2020 tageand selected
groups of ICD10 items Detailed information on causpecific mortality trends by age can also
be found in the annexes doir monograph on mortality trends in Moldova since 1P65.

4.2.1. Infant mortality and mortality among children and adolescerdged 114

Throughout the studgeriod, thanfant mortalityprofile was dominated by infectious and
respiratorydiseasesnd thei ot h e r glaups vehiahsiserepi@sented in this age group mainly
by perinatal condition§Figure4.6, panel A. At the start of the study period, 65% of infant deaths
were attributed to respiratory and infectious diseases, whileonlydmé r d r esul t ed
di seaseso. Conversely, t he | at t e rthirdsaftdeath® r y
underone year, while the proportion tife other two conditionis around 20%Mortality from
respiratory andhfectious diseaseteclined dramaticallguring the study period, especiaitythe
1980s. Between 1965 and 2020, there was -boli0infant mortality reduction for infectious
diseases and a 26ld for respiratory diseasd&\nnexe4, A4.1). The declining trend in infant
mortality from infectious and respiratory dases was interrupted in the 1970s and 1990s.
Mortality from injury and poisoning remained largely stagnant until 2010, followed by moderate
improvements. The relative stagnation inadllse infant mortality observed in recent years has
beenprimarilyredt ed t o t he A oThhimpactdfiotBeecauses sndnfagt mortalipy .

is of minor importance.
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Theii ot her  droup énalmes anditions originating in the perinatal period and
congenital anomalies. In panel B of Figuté, perinatal diseases are presented by obstetrical
trauma, congenital pneumonia, other respiratory diseases ofeti*dorn and other perinatal
diseases. Infant mortality from these detailed p&r@onditions has long been unchanged, with
no marked improvement. Noticeable progress has been made for perinatal diseases, especially 1
obstetrical trauma, since the early 2000s. The recent amelioration is also marked for congenite
pneumonia and otheespiratory diseases of thewbornbut at a much lower level in contrast to
obstetrical trauma. The neonatal mortality trend associated with other perinatal conditions has
maintained the level during the last two decades. The recent trend in infalalitgpndrom
congenital heart anomalies showed a better trend than other anomalies.
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Congenital anomalies
. Infectious of heart

Other congenital
. Neoplasms anomalies

. 5000 r
. Circulatory . Obstetrical trauma

. Respiratory . Congenital pneumonia

5000 r

Digestive Other respiratory dis.
of the newborn
4000 | Ml exemi 4000 | B other perinatal dis.

. Residual

Other dis.

3000 r 3000 |

IMR per 100000
IMR per 100000

2000 | 2000 |

1000 r 1000

1965
1970
1975
1980
1985 +
1990
1995
2000
2005
2010
2015
2020

1965
1970
1975
1980
1985
1990
1995
2000
2005
2010
2015
2020

Fig. 4.6 19652020 trends in infant mortality by main causes of deathpanel A) and detailed
causenft he Ot & e as e PpanelBiindolgova((per 100000 livebirths)

Source: aut hordés calculations based on NBS and NAPH dat a.

Mortality from injury and poisoningmongchildren and adolescenéged 114 was ranked
first andhassubstantiallydecreasedince themid-1980s(Figure4.7, panel A). Between 1965 and
2020, mortality from external causes of death in this age group decreased more than four time:
Accidental falls, drowing, and transport accidents played a crucial role in violent deaths among
children and adolescents, accounting for5%86 of all deaths from external causes (Annéxe
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A4.2). Mortality from respiratory systerdiseaseshe seconanost commortause of deatht the

start of the period, has been considerably reduced since th&é9@@s interrupted by the
socioeconomic crisief the 1990sOver the study period, the risk of dying from respiratory system
disease was reduced more than seven times in this age category (AnAéx®. The evolution

of respratory system diseasesdinfectious diseasest a more detailed level is presented in panel

B of Figure4.7. Mortality from pneumonia was the major contributor to twerall trend in
mortality from respiratory system diseases. The {@mm improvement for this cause of death
stopped in the 1990s and resumed at the turn of the century. Fluctuations in mortality from
influenza were especially marked in the 1960s areD4d%ut became almost invisible after the
1990s.
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Fig. 4.7 19652020 trends instandardiseddeath ratesat age1-14 for main causes of death
(panel A) and detailedrespiratory and infectious diseasegpanel B)in Moldova

(per 100000)
Source: aut horés calculations based on NBS and NAPH dat a.
Mortality associated with the fAother di:

study period and has been the second leading cause of death since the turn of the millenniur
Among children and adolescents, this residual group of causes of degitesented by diseases
of the nervous system and congenital anomalies (Andex@4.2). After a long stagnation,

neoplasm mortalithas started declining moderatsipce the early 2000s and is currently in third
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pl ace after Aother diseaseso. This recent
the mortality decline from leukaemia and lymphomas (Andgxedt.2). As with infant mortality,
a steady decline in mortality from infectious diseases was halted in the late 1970s and the earl
1990s. In the 1960s and 1970s, deaths from infectious diseases were chiefly octatetd t
intestinal infections and viral infectionMortality related to circulatory and digestive system
diseases was reduced rapidly until the late 1980s and is of minor importance nowadays.

4.2.2. Mortality among youngadultsaged 1539 years old

4.2.2.1. Main causes of death among young adults

Among young adult males agé8 to 39, external causes of deattominate the mortality
profile, representind5% of total mortalityFigure4.8). The maleto-female ratio for this cause
of death is the most pronounced, up to 5 tiderongyoung adultfemalesexternal causes of
deathaccount for25% ofall deathsgclose toneoplasmsnddigestive system diseas@mnexe4,
A4.3). Forthis agegroup we can identifythe socially sensitive groups of causes of desathject
to wide fluctuations in mortalityprovoked bythe antialcohol campaigrnn 19851987 and the
socioeconomicrisis of the 1990s. These grougamprise external causes of deatinculatory,
digestiveand respiratorysystem diseasegfectious diseases atiefi ot her groug e a s
representeémongyoung people by mental disorders and nervous sysdiseases. Regarding
neoplasmsmortality is not susceptibl® these social and economic factdrke fluctuations in
mortality from socially sensitive groups of causes of death were particularly praubimngoung
men and much less in young women.

During the longtermdeterioration opopulation health (19684), the mortality trends for
the main causes of death, excluding neoplasms and infectious diseases, were quite unfavoural
among young adults (increase or stagnation). Before the 198@leotiol campaign, the
worsening of the tiiation was especially marked for the groups of socially sensitive causes of
death, except fomfectiousdiseases. For the latter, noticeable improvements were achieved,
particularly in the 1970s, although male mortality has stagnated since the 1980sseTime
mortality from 1965 to 1984 was particularly markeddagestive system diseasé&®m 1965 to
1984, thestandardisethdicators tripled in young men and rose fivefold in young women.

Once the antialcohol campaign was suddenly launched in 188Sjtuation ameliorated
for all socially sensitive groups of causes of death, except for infectious diseases. The unfavourabl
trends resumed very quickly, especially for infectious diseases, with the misuse of-tiecdnuti
measures in 1987. The resige was particularly pronounced for external causes of death among
young males. As a result, in 1989, #tandardisedeath rates for this cause of death came back
to the level recorded in 1984, before the -ahtbhol campaign. In the 1990s, the moryatiend
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for external causes of death among young males mainly stagnated, followed by a steady declir
since the late 1990s. The peak in mortality in 1992 is explained by the war conflict in Transnistria
(codeY36 under ICD10).

In 2020 compared to 1965tandardisedndicators for external causes of death in young
men reached the level registered in the-a880s and fell by only 35% among young women
(Annexe4, A4.3). On the contrary, mortality from digestive system diseases showed a further
moderate increase in the 1990s, followed by fluctuations without much progress. The unfavourabl
trend during the period of independence occurred for respiratory system diseaseis, young
males than females. Mortality fromfectious diseasdacreasedn the late 1980s and accelerated
its growth in the 1990s. At the turn of the millennium, this type of mortality, primarily associated
with tuberculosis among young adults, begardecline steadily. The impact of COWI® in

2020 on alcause mortality and mortality from infectious diseases was insignificant among young

adults.
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4.2.2.2. External causes of death among young adults
Amongyoung malestransport accidentandsuicidewerethe two leading causes of death
responsibldor about 70% of external mortalityiroughout the study periodFigure 4.9). The
period of population health deterioration 196584 was accompanied by mortality growth for
different categories of external causes of death. Béfiedaunch of theanti-alcohol campaigm
1985, standardisedleath rates tripled faucide andinjury, undetermined whether accidentally

or purposelyinflicted (or undetermined injury)
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Fig. 4.9 19652020 trends instandardiseddeath rates in males at age 139 for detailed

external causes of death in Moldova (per 100008emtlogarithmic scale)
Sour ce: authordéds calculations based on NBS and NAPH dat a.

Different categories of external causes of death reacted differently t88beatitialcohol
campaign. The antlcohol campaign significantly impacted mortality frdalls, accidental
poisoning drowningfor both sexes, suicide in young males and homicide in young females. The
most marked effect was found for themiciderate infemales (death rates decreased by 80% from
1984 to 1987), while in males, it was pretty modest (17%). Mortality continued the growth for
undetermined injury for both sexes despite restrictions on alcohol consumption {87.9B%is

fact can be attributdé to the gradual changes in coding practice for external causes of death. This
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Aundetermined injuryo group, with a minor e
was likely to serve as a substitute for any specific subcategory such dsnégcsuicide or
homi ci de. As a resul t, deaths associated w
sexes in the late 1990s.

When the restrictive antilcohol measures were relaxed, the adverse trend in mortality
from external causes of deathsumed among young adults, with the most robust growth for
transport accidents and homicide (70% increase between 1987 and 1989). In 1989, male mortali
from transport accidents corresponded to the level registered before takealndil campaign, but
standardisedates for homicides had the values registered at the end of the 1970s. At the sam
time, the growth in mortality from other violent causes was less evident.

The socioeconomic crisis of the 1990s accelerated the growth of mortality from homicide,
which continued until 1995, followed by a steady decline. On the contrary, the mortality trend in
transport accidents followed a marked decl i
situation ameliorated, mortality from transport accidentseg#o decline and fell to stagnation.

Since the midl990s, mortality from external causes of death among young men has
decreased moderately, followed by stagnation in recent years. Over the last decade, some progre
was recorded in mortality from homi@dundetermined injury and accidents provoked by fire,
electricity and firearms. On the other hand, stagnating mortality for other external causes of deatt
including transport accidents and suicide, puts into question the sustainability of these fragile
improvements among young males in Moldova.

4.2.3. Mortality among matureadultsaged40-64 years old

4.2.3.1. Main causes of death among mature adults

Circulatory systendiseasesthe most common cause of deathong mature adults aged
40-64, account for 30% ofotal mortality in malesand 35%in females(Figure4.10, Annexe4,

A4.4). Thecontinuousmortality growth for this pathologwasinterrupted onlyby the1985antk
alcoholcampaignHowever, thenisuseof the antialcoholmeasures, followed by the severssis
of the 1990scausedan upsurge in cardiovascular mortality. Afterde fluctuations, mortality
from circulatory system diseases among the middkdresumed growttamong malesand
stagnated among females ur@l05, followed by a moderate declifiéghe recent improvements
were more marked in females than males.

Neoplasmsank second in th@verall mortality patternin mature adultswith about20%
of total mortalityover the wholgeriod.Depending on the period, neoplasms share second place
with extenal causes of death in men and digestive system diseases in wamamy middle-

aged menmortality from this cause of deathserapidly throughthe late 1980s, followed by
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stagnatioror a moderate reductian the 1990sAmong womenmortality from neoplasmsvas
relatively steadgomparedo menduringtheentireperiod.

Digestive systemdiseaseshave a marked effect on the Moldovamortality profile,
particularlyamongfemales In the mid1980s, the risk of dying from digestive system diseases
was very close to that from circulatory system diseases among ragietlevomerBetween 1965
and 2020, the shacé thispathology rosérom 8%to 14% inmenandfrom 7%to 18% inwomen
The mortalitygrowthwas especiallgtriking in 19651984, when thestandardisedeathratesrose
sevenfold in femalesand fourfold in males (Annexd, A4.4). After abrief improvementelated
to the 1985 antalcohol campaign, mortalitfom digestive diseaseéssumed aupward trendn
menandstagnatedn women Only since2010has thisype ofmortality started declining slowly

aftera few decades of negative evolution
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Fig. 4.1019652020 trends instandardiseddeath rates at age 4064 for main causesf

death in Moldovaby sex(per 100000 semtlogarithmic scale)
Source: aut hordos calculations based on NBS and NAPH dat a.

The evolution of mortality fromexternal causes of death middleaged men closely
correlates to tharom digestive system diseases. Similar to digestiveesystiseases, moderate

progress in deaths from injuries and poisonings became visible only over the last decade. Amon
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females aged 40 to 64, the reduction in mortality from injury and poisoning began in the mid
1980s and continues until now.

The longterm upward trend in mortality fromespiratory system diseasamong males
only reversed during the arglcohol campaign, followed by stagnation in the 1990s and a modest
decline in the past decade. In females, progress in respiratory disease morta&dyrstae 1970s,
although it ceased during the socioeconomic crisis of the 1990s. After a sharp decline in the 197C
and 1980s, mortality fronmfectious diseasascreased continuously in the 1990s. However, since
2010, it has been declining steadily until the COMI® pandemic in 2020. Mortality increase
from infections in 2020 compared to 2019 was much greater in women than men (11 times an
four times).

4.2.3.2. Mortality from neoplasm&mong mature adults

Figure 4.11 illustratestrends in cancer mortality for different locations by sex. Among
adults aged 464, reoplasms play erucialrole compared to young adults (especially males) and
the older population, where external causes of death and circulatory system diseases, respective
are mainly prevalent.ung cancelis aprincipal cause of neoplasmeathsn men, with ashare
varying betweer80% and40%. Male mortalityrelated to thisause of deathose continuously
throughthe late 198Q0ghenit levelled off and evedecreaseth thesecond half of th&990s At
the turn of the new millenniupthemale lung cancer mortality tremdsumed its slow growth,
followed by a stagnatiothat has persisted

Cancer othe upper aerodigestive trafthe lip, oral cavity, pharynand oesophagusps
a relatively moderate impacLl@no in 2020) on overall neoplasmortality, but the mortality
growth was the most rapid during the study period. Between 1965 and 202@nidsrdised
indicators increased seven times in men and doubled in wankerlung cancermortality from
cancer ofthe upper aerodigestive trantreasedapidly in the 1980s, followed by stagnation in
the 1990s and farrtherupsurge irthe new millemium. The samevolutioncan befoundin men
for urinary systemcancer, dominated by bladder canosith a 3 5% sharein total cancer
mortality. Mortality from lung cancer and cancer of tiygper aerodigestive tract atite urinary
systemwas lower in womenthanin menbetweenthree (urinary system) and 15 timeapper
aerodigestive tragand was relativelgtableoverthewhole period.

Breastcancer, the leading cause of death from malignant tumours in ragdtefemales,
tended upwards during the study periadth standardisedates doubling in 1962020 (Annexe
4, A4.4). In contrast, mortality fromateruscancer decreased, particularly in the 1970s and 1980s;
but the progress ceased after independence. The opposite trends in breast and uterus can

mortality led to a crossover between the twaditons in the early 1980s. Althougirostate

120



cancer had a relatively modest effect on total cancer mortality (3% in 2020), mortality from cancer
of this site followed an increasing trend during the entire period.

Mortality trends for digestive system «am vary substantially depending on the location.
Between 1965 to 2020, the risk of dying fretomachcancer was reduced more than three times
for both sexe (Annexe4, A4.4). On the other hand, mortality from cancer of theestineand
other digestive organsmainly represented by liver cancehowed a constant growth over five
decades. The trends in nedity from stomach and intestine overlapped in the early 1980s among
women and the early 2000s among men.
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Fig. 4.11 19652020 trends instandardiseddeath rates at age 4064 for neoplasms of
different locations in Moldova by sex(per 100000)

Source: aut hordés calculations based on NBS and NAPH dat a.

Mortality from leukaemia and lymphombsas not changed much over the study period, unlike
children and adolescents, who experienced some improvements in recent years. Finally, th
residual group ofmalignant neoplasndemonstrated a reasonably rapid growth: the share in total
cancer mortalityose from 5% in 1965 to 10% in 2020. Malignant neoplasms of other sites were
primarily represented by two causes: cancer of the brain and other parts of the central nervou

system and cancer of other and unspecified sites (70% in 2020, respectively).
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4.2.3.3. Mortality from digestive system diseasasiong mature adults

Cirrhosis of the liver is thprincipalcause of deatfiom digestive systerdiseasesKigure
4.12). Theproportionof this pathology rosfom 50% in men and 60% in women in 1965 to 80%
and 90% in 2020The evolution ofmortality was more adverse in women than maarticularly
before the 1985 antlcohol campaigrf-or instance, frod965to 1984 thestandardisedhortality
indicator for this disease roSdold in malesand 10fold in females Themaleto-female ratio was
close to one for alcoholic liver cirrhosis (1.3 in 190@® in 1985, 1.2 in 2000), although the ratio
increased during the past two decades but still was less than two (1.6 in 2020). The contributiol
of alcoholic liver cirrhosis was small (less than 10%) due to a considerableragdration of
deaths fronthis pathology
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Fig. 4.12 19652020 trends instandardiseddeath rates at age 4064 for detailed digestive

system diseaseis Moldova by sex (per 100000)
Sour ce: aut horés calNABHdate.i ons based on NBS and

The sudden launch of the aatcohol campaign by the Soviets in 1985 showed the
dependence of mortality among the adult population on alcohol consumption for different causes
of death, including liver cirrhosis. The sharp restriction of alcobmhsumption during
Gor b ac h ealkcd@hsl campaign appeared to delay many deaths, significantly reducing
mortality from liver cirrhosis. Soon after the withdrawal of the restrictive measures, mortality
growth recommenced, but it was more moderate comiptr the Soviet period. In Moldova,
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between 1984, the year before the -ahtbhol campaign, and 1989, the last year when mortality
declined standardisedhortality rates decreased by 90% in men and 70% in women.

A similar unfavourable mortality trend wésund forpancreas diseasgclosely related to
alcohol abuse, specifically strong alcoholic beverages. Mortalitydastricandduodenal ulcers
also closely related to alcohol use, remained largely stagnant during the whole period. The
downward trenaccurred fodiseases of the intestine

4.2.3.4. Mortality from infectious diseases among mature adults

Among middleagedadults,like young adultstuberculosiss theprincipalcause of death
from infectious diseasesxcludingthe COVID-19 outbreak in 202Mortality from tuberculosis
among the adult population declined significantly in the 1970s, especially among males. However
the improvements halted in the late 1980s, followed by a dramatic rise during the socioeconomi
crisis of the 1990s. The growth contetlin the first decade of the kentury. The longerm
unfavourable trend in mortality from tuberculosis reversed after 2010, and the decline persists unti
now. In 2020, thetandardisedeathrates frontuberculosicorresponddto the levebbservedn
the late 1980s. (tuberculosis).
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Fig. 4.1319652020 trends instandardiseddeath rates at age 4064 for detailed infectious
diseasesn Moldova by sex (per 100000)

Sourceaut hor 6s calcul ations based on NBS and NAPH dat a.

Mortality associated with AIDS followed a dramatic rise since the-18@0s. In 2020,

mortality from the COVIB19 infection was the highest ever observed for infectious diseases over
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the past half a centuryrhe maleto-female ratio for COVIB19 was 1.3, much less than the sex
ratio for any other infection, varying between 2.0 (other infections) to 10.0
4.2.4. Mortality among older adultsaged 65years old and over
4.2.4.1. Mortality from main causes of death among olderats

Before analysingausespecific mortalitytrendsamongolder adultsit is essentiato point
out two issues related to data qualiyrst,the oldagemortality wasadjustedor the yearsuntil
the late 19603n males and the mid970sin femalesdue to inaccurate population data and
significant underestimation of official death counts. Secotelathsrecorded as Senilityvere
redistributedoy a special method betwedatailedcirculatory system diseasgseeChapter3).

The predominance afirculatory systentliseasesn the causespecificmortality profile is
much moranarked in the elderlthanin the middleaged especially in femakyFigure4.16). The
shareof cardiovascular diseases in total mortality ranged 8&%to 80% inmalesand 75%to
85% infemales(Annexe4, A4.5). The magnitude of mortalitfuctuationsfor circulatorysystem
diseases and other socially sensitive causes of deatltonsiderabliower among older people
than young and mature adulesfiter thesocioeconomic perturbatiomds the 1990solder women
hawe been experiencing moderate reduction inardiovascular mortalitfrom 2005 onwards
Among older men, the recent improvements are much less mdakénte the early 1980s,
respiratory system diseasavere the second most commecause of death among tlodder
population followed by neoplasm®ld-age mortalityfrom this conditiorrose moderatelin the
late 1960s, followed by a considerable decloteserved for other age groups of the adult
population. Fron1967 to 1992, theorrespondingtandardisedeathrateswerereduced by almost
three times itmalesand five times irffemales Thesocioeconomicrisis of the 1990sausedhe
reversal othis decliningtrend.Like in the previous age group.ehegative trend continued into
the new millennium, although it has improved slightly for both sexes since 2010.

Neoplasmgonstitutel 1% of all deathan menand 8% inwomenin 2020.Amongolder
men neoplasnmortality increasedccontinuouslyin the 1980s, followed bgtagnation or decline
in the1990s, alreadpbserved among adults aged 40 tol8dwever the trend has been upward
for both sexes at the beginning of the millennium

Mortality from digestive systerdiseasesamong theolder popuhtion has followed a
adversdrend, especially invomen althoughthe deterioration waswuch lessnarked compared
to mature adults. Between 1965 and 2ak@standardisedeathratesfor this conditiondoubled
amongolder males antbseby 50% among@lder femalesLike for the preceding two age groups
the situation mainly worsendzkfore thdaunchof the 1985antralcohol campaign. Since then,

however old-age mortalitycaused by digestive system diseasesained relativelgtagnantntil
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2010, followed by a moderateduction Like in the two previous age groups, thissencef sex
differentiationin mortality from digestive diseases was found édder people.

Among older men, wrtality frominjury and poisoningvas relativelyconstanduring the
entire period, while adownward trend can be seen since the-b880s among older women
Mortality frominfectious diseasedecreasedonsiderablyin the 1970s and 1980®llowed by a
long stagnatiomintil 202Q when the COVIB19 pandemic trigged acolossajump in deathsln
the last year of observatipmfectious diseases, which had always bagthe bottom since the
mid-1980s, ranked third.
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Fig. 4.14 19652020 trends instandardiseddeath rates for main causes of deatfat age 65

and over, by sex (per 1000QGemtlogarithmic scale)
Source: aut horés calculations based on NBS and NAPH dat a.
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4.2.4.2. Mortality from circulatory system diseases among older adults
Figure 4.15 shows the evolution of mortalityby sex andprincipal components of
circulatory system diseasespresented by heart diseases, cerebrovascular disorders and the
residual group of ardiovascular disease¥he sexgap in cardiovascular mortalitgmongthe
elderlywasmuch narrower thaamong the middiagedandwaseven absenh the late 1960and
early 1970smainly due to datquality problemg(see Chapter 3)

Fig. 4.1519652020 trends instandardiseddeath rates for main components of

cardiovascular mortality at age 65 and over, by sex (per 100008emtlogarithmic scale)
Source: authorés calculations based on NBS and NAPH dat a.

The impact of the 1985 ardicohol campaign on oldge mortality fronheart diseaseand
cerebrovascular disorders was much less pronounced compared to the previous age group. |
contrast, the socioeconomic crisis of the 1990s led to considerable growth in mortality from heart
diseases; thetandardisedates increased by 60%tween 1991 and 1995 for both males and
females. The increase was even higher when compared to corresponding changes among matt
adults (50% and 40%, respectively). The response ed@édmortality caused lmerebrovascular
disordersto the social and enomic perturbations of the 1990s was much less marked.

Recent trends in oldge mortality from heart diseases and cerebrovascular diseases had nc
visible signs of amelioration until 2005, followed by a marked decline in mortality from

cerebrovascular disses more pronounced in women than men. On the other harageold
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