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Abstract

Introduction. Moldova has been facing a population health crisis since the mid-1960. Circulatory
diseases, digestive diseases and external causes of death drive long-term decline and short-term
fluctuations in life expectancy. The burden of liver cirrhosis in both sexes is due to the dangerous
culture of drinking homemade wine.

The study is aimed at examining the current geographical differentiation of all-cause and cause-
specific mortality in Moldova and identifying evidence-based modalities to reduce it. We hypothesise
that the high level of mortality coexists with regional variations in mortality by sex, age and cause of
death.

Material and methods. The study is based on adjusted results from the 2014 census of population and
individual death records for the five years surrounding it. The administration division consists of 33
districts and two municipalities, including the capital Chisinau. Data for Transnistria adjacent to
Ukraine are unavailable. Standardised mortality rates, decomposition method by E. Andreev, global
and local spatial autocorrelation are used.

Results. There is a gradient in overall mortality between the leading north and the municipality of
Chisinau, on the one hand, and the lagging Centre, on the other. In the lagging central districts, losses
of life expectancy are mainly related to higher mortality among 45-64 year-olds in both sexes as well
as among older women and young adult men. Diseases of the digestive system, diseases of the
circulatory system and external causes of death (males only) are the three largest groups of causes
of death that have a statistically significant impact on interregional mortality differentiation. The sex
ratio for liver cirrhosis is close to 1.0 in the lagging central districts and considerably higher than 1.0
in the rest of the country.

Conclusions. The main findings point to differences in the drinking habits of the Moldovan population
between central districts and the rest of the country. Certain districts of the centre have a dangerous
culture of wine consumption, which affects both men and women. Adequate alcohol preventive
measures are needed.

Introduction

Over the last 55 years, Moldova has not succeeded in raising life expectancy at birth.
The cardiovascular revolution, which gave a new impetus to the growth of life expectancy in
Western countries in the 1970s, has not yet reached the country. High mortality among the
adult population from non-communicable diseases and man-made diseases (cardiovascular
diseases, neoplasms, external causes of death) indicates that the second stage of the health
transition (Vallin and Meslé, 2004) in Moldova is incomplete. The situation is compounded
by the heavy burden of mortality from liver cirrhosis (Penina, 2017) and the persistence of
adverse trends in infectious and respiratory diseases. Mortality trends and patterns by cause
in Moldova are very close to Ukraine because of the similar system of codifying causes of
death and the same economic and social conditions that the two countries went through
during the Soviet period and after the collapse of the USSR. Recent improvements in the

context of the overall negative long-term trend are very modest and can be temporary,
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particularly for men, given the fluctuations in mortality in the 1980s and 1990s. This is
particularly true today, in an era of emerging public health challenges such as the COVID-19
pandemic and the inevitable increased burden on the health system.

The findings of recent studies on regional differentiation of mortality and causes of
death in the Soviet Union countries demonstrate that at both the national and sub-national
levels, the same causes of death are respectively responsible for the temporal changes in life
expectancy at birth and its interregional differentiation. For Ukraine (Poniakina, 2014),
Russia (Danilova, 2018; Timonin et al., 2017), Belarus (Grigoriev, Doblhammer-Reiter and
Shkolnikov, 2013) or the Baltic countries (Grigoriev et al., 2016), these groups of causes are
diseases of the circulatory system and external causes of death. Mortality from the latter,
which is closely associated with harmful alcohol consumption in these traditionally spirits
drinking countries, plays a greater role in the variation of geographical mortality than
cardiovascular mortality.

The study aims to examine the current geographical differentiation of all-cause and
cause-specific mortality in Moldova and to identify evidence-based modalities to reduce it.

Our research questions are as follows:

1. What are the regional differences in mortality in Moldova?

2. How do the different components of mortality (age, cause and sex) influence

interregional differentiation of mortality?

We hypothesise that the high level of overall mortality in Moldova coexists with
statistically significant regional differences in mortality by age, sex and cause of death. It can
be assumed that the different geographical entities of the country have progressed
differently on the health transition trajectory, resulting in the persistence of interregional
disparities in mortality.

Material and methods

We rely on the 2014 usually resident population, according to the 2014 Census
corrected by the Natural Bureau of Statistics (NBS) based on the post-census survey. As for
mortality data, we used the individual death records for 2012-2016 codified according to the
10th revision of the International Classification of Diseases and Causes of Death (ICD-10)
provided by the National Agency for Public Health (NAPH). Both population and death
counts refer to the usually resident population.

Centralised codification of causes of death, according to ICD-10 and a low proportion
of ill-defined deaths reduce a possible bias related to data quality issues.

The data are analysed at the second level of the administrative division (Fig. 1), which
comprises 32 districts, ATU Gagauzia and two municipalities (Chisinau and Balti). The
capital of the country is the municipality of Chisinau. Data for Transnistria adjacent to

Ukraine are unavailable.
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Figure 1. Geographical location and administrative division of Moldova
Source: based on (GADM, 2018; Parliament of the Republic of Moldova, 2001)

Life expectancy and 95% confidence limits were calculated based on the Chiang
method and Silcocks et al. method (Altman et al., 2000). Contributions by age and causes of
death to the difference between life expectancy at birth in Moldova and every region (35
units, including 2 municipalities) were estimated by Andreev’s method (Andreev and
Shkolnikov, 2002; Riffe, 2018). Mortality rates by sex and main causes of death were
standardized by indirect method. Spatial analysis by causes of death (global Moran’s index
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and LISA) (Anselin, 1995) was carried out based on the first-order queen’s contiguity matrix.
The significance level was estimated using the Monte Carlo approach (number of

simulations=9 999). Data were analysed in R.

Results
a) Regional all-cause mortality patterns

Life expectancy at birth (e0) at the national level in 2012-16 is 65.2+0.4 in males and
73.7%0.2 in females. Across districts, it varies between 61.6+2.2 in Soldonesti and 68.6+0.5
in Chisinau among males and between 69.1+2.2 in Cimislia and 76.7%0.5 in Chisinau among
fema-les. Depending on population size, confidence intervals for e0 vary from #0.5 years in
Chisinau to +3.2 years in Basarabeasca for both sexes. Life expectancy at birth is higher than
nationwide only in eight districts of 35 for men and in thirteen districts for women.

Figure 2 shows life expectancy at birth maps by sex. The classification of life
expectancy values is based on the Jenks optimization method which identifies categories of
similar values and maximises differences between them. For both sexes, the municipality of
Chisinau corresponds to the “very high” category. Among females, the highest values of the
indicator are also found in the northern districts. Districts with “high” life expectancy (65.6
to 66.8 in males and 72.9 to 74.4 in females) are situated in the northern region for both
sexes and in the south for females. In males, only two northern districts (Briceni and Edinet)
record “high” life expectancy. In the district of Anenii Noi, adjacent to the municipality of
Chisinau, life expectancy at birth is also referred to as “high”. Districts having “very high” and
“high” life expectancy values can be defined as the leading.

The majority of districts with “very low” life expectancy (61.6 to 63.1 in males and 69.1 to
70.2 in females) are located in the central region of the country. The location of the districts where
female life expectancy is “low” corresponds principally to the location of the districts where male
life expectancy is defined as “very low”. Districts with “very low” and “low” life expectancy
values are defined in this study as lagging. The most lagging districts form a red belt of high
mortality stretching in men from Soldonesti to Cantemir. While shifting the north or south of
the country, the situation is gradually improving. In the southernmost districts (Cahul,
Taraclia and Gagauzia), on the one hand, and in the northern districts adjacent to the centre,
on the other, male life expectancy has “moderate” values (64.5 to 65.6). In females, districts
with “moderate” values (71.3 to 72.9) are mainly located in the centre. Finally, in the most
remote northern districts, life expectancy increases to reach “very high” values in women
and “high” values in men.

The clear division of districts into leading (North, capital) and lagging (Centre) areas
in terms of life expectancy at birth can be traced back and across age groups though with

some peculiarities.
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Figure 2. Geographical profile of life expectancy at birth, Moldova, 2012-2016

Source: author’s calculations based on NAPH and NBS data

Source: author’s calculations based on NAPH and NBS data
Note: “Jenks” optimization method of classification was used to produce these maps

b) Decomposition of differences in life expectancy between the most lagging and

leading districts

To examine the combined effect of mortality by age and cause on differentiation of
life expectancy, we will decompose the difference in life expectancy at birth between two
population subgroups presented by the most leading districts on the one hand and the most
lagging districts on the other. The municipality of Chisinau was selected as the most leading
district where 24% of females and 23% of males live (eo is 68.6 years in males and 76.7 years
in females). As the belt of high mortality is more extensive for life expectancy at age 25 or 45
than at birth (Section II.1B), the selection of the worst-lagging districts is based on ezs. In
the eleven selected districts with the lowest male life expectancy at the age of 25 (less than
40.0 years), 21% of the male population lives. 16% of the female population lives in nine
districts with the lowest life expectancy at the age of 25 (less than 47.5 years). Life
expectancy at birth recorded in the selected lagging districts is 62.5 years for men and 70.4
years for women.

Figure 3 shows the contribution by age groups and seven main causes of death to the
difference in life expectancy at birth between the most lagging districts and the municipality
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of Chisinau. The total difference in life expectancy at birth between two extreme sub-groups
of the population amounts to -6.1 years for men and -6.3 years for women. The largest losses
occur among mature adults (both sexes) and older adult females. High mortality due to
diseases of the circulatory system in the most backward districts reduces life expectancy at
birth by 1.6 years among men and 3.0 years among women. Among men, external causes of
death (-1.7 years) and digestive system diseases (-1.1 years) are the other two main causes
of death that affect the health of the population. Among women, diseases of the digestive
system are the second largest group of causes of death that substantially increase the gap
between the lagging districts and Chisinau. Interestingly, this category of causes of death in
women has the same negative impact as external causes of death in men (-1.7 years).

Males Females

0.2 Difference = -6.07 years Difference = -6.26 years
- =]

<

01 510152025303540455055606570758085 0 1 5 101520253035 40455055606570 7580 85

Contribution (years)
S
[¥%]

|
<
wn

|
<
[=7]

1
<
-

o
[we]

Infections Cardiovascular Digestive Others

Neoplasms Respiratory External

Figure 3. Contributions of mortality by age and cause of death to differences in life
expectancy at birth between the most lagging districts and the municipality of Chisinau

Source: author’s calculations based on NAPH and NBS data
Note: the most lagging districts have life expectancy at the age of 25 under 40.0 years in males (11
districts) and 47.5 years in females (9 districts)
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c) A particular case of liver cirrhosis

Even though digestive system diseases account for about 10% of all deaths nationally
for both genders, these diseases, as well as diseases of the circulatory system and external
causes of death in males, have a very important impact on the differentiation of all-cause
mortality in the country, especially among females. Figure 4 shows the regional mortality
pattern for this group of causes of death. It is easy to observe that the districts with “very
high” and “high” death rates from digestive diseases fall within the red belt of high mortality
described earlier in the life expectancy map. The municipality of Chisinau is the only
administrative unit of the centre unaffected by the burden of digestive illnesses. Since liver
cirrhosis accounts for almost 90% of deaths caused by digestive tract diseases, the thematic

map of this specific cause of death corresponds entirely to the whole group.
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Figure 4. Regional patterns of standardised mortality rates from diseases of the
digestive system

Source: author’s calculations based on NAPH and NBS data

The sex ratio for liver cirrhosis (ratio of standardised death rate in males to
standardised death rate in females) varies by geographic region of the country. Thus, in the
more favourable regions of the north and south, this indicator is 1.6 and 1.5 respectively,
whereas, in the municipality of Chisinau, it is 1.7. At the same time, the sex ratio is closer to

one (1.3) in the worst affected central districts. In addition, the correlation between the
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standardised death rate in women and the sex ratio for liver cirrhosis differs across three
geographic regions. For example, in the north and south, where liver cirrhosis death rates
are relatively low, this correlation is negative and statistically significant. For the northern
region, the correlation coefficient is -0.58 (p<0.05), and for the southern region, it is -0.81
(p<0.01) (Fig. 5). In other words, in the more favourable districts, the sex ratio decreases in
parallel with the increase in female mortality due to liver cirrhosis, which is quite natural
and for most other causes of death due to the higher risk of dying in males than in females.
The absence of this correlation in central districts suggests that liver cirrhosis mortality is

more homogeneous in the population without significant sex differences.

Region ® Centre # Chisinau # North 4 South
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R=-058 p=0058

R=-081, p=00083

2.44

2.0

Male/female mortality ratio
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Figure 5. Correlation between male/female mortality ratio and standardised mortality rate
(SMR) in females for liver cirrhosis by three geographical regions

Source: author’s calculations based on NAPH and NBS data

The lack of sex differentiation for liver cirrhosis in central districts, mainly in those
falling into the red belt of high mortality, allows us to conclude that here men and women
are similarly susceptible to the influence of risk factors causing liver cirrhosis, first and
foremost to excessive alcohol consumption. The National Health Survey recently conducted
in Moldova highlights the predominance of unregistered alcohol consumption mainly
presented by homemade wine without any significant gender differentiation (WHO, 2014).
The findings concerning liver cirrhosis at the regional level confirm our hypothesis
forwarded earlier at the national level that the hazardous Mediterranean culture of wine
drinking in the Republic of Moldova has the same negative impact on the health of men and
women (Penina, 2017). Based on the regional mortality analysis, we can further refine this
hypothesis and suggest that dangerous wine consumption patterns are more popular in the

central districts of the country than in the northern or southern districts.
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d) Global spatial autocorrelation

Moran’s index of global spatial autocorrelation, which shows only the presence of

clusters in the data, was computed for standardised mortality rates by main age groups and

sex (Table 1) and by main groups of causes of death and sex (Table 2).

Table 1. Moran’s Index and p-value for age-standardised death rates
by main age groups and sex

Age group Males

Females

1. Less than 1 year

0.071 (p-value > 0.05)

0.087 (p-value > 0.05)

2.1-19 years

-0.088 (p-value > 0.05)

0.077 (p-value > 0.05)

3.20-44 years

0.241 (p-value < 0.01)

0.236 (p-value < 0.01)

4.45-64 years

0.512 (p-value < 0.001)

0.537 (p-value < 0.001)

5. 65 years and over

0.248 (p-value < 0.01)

0.491 (p-value < 0.001)

All ages*

0.426 (p<0.001)

0.540 (p<0.001)

Source: author’s calculations based on NAPH and NBS data

Note: Moran’s I computed for age-standardised death rates (all ages) differs slightly from Moran’s I computed

for standardised mortality rates (all causes) presented in Table 2.

Table 2. Moran’s Index for standardized mortality rates

by main groups of causes of death and sex

Cause of death ICD-10 Males Females
1. Infectious diseases A00-B99 ?;.)(Eflue > 0.05) (();.)(fjflue > 0.05)
2. Neoplasms €00-D48 ?p.)(j\?aslue > 0.05) (()Ilf\?jlue > 0.05)
3. Diseases of the circulatory system 100-199, G45 ?pf\flue <0.01) ?;.)Sj\?e(l)lue <0.01)
4. Diseases of the respiratory system J00-]98, U04 ?p.)(jjallue > 0.05) (()pf\s;aslue > 0.05)
5. Diseases of the digestive system K00-K93 ?}f\%jlue <0.001) &f\?&?lue <0.001)
6. External causes of death V01-Y98, (()p.)%\?:lue <0.05) ?p.)%ia?lue > 0.05)
7. Other diseases and causes of death gig-ggg: ?I.)?\s:slue > 0.05) &)(—)gjlue >0.05)
L00-Q99 ' '
All causes* A00-Y98 0.474 (p<0.001) 0.441 (p<0.001)

Source: author’s calculations based on NAPH and NBS data

For overall mortality, Moran’s index is positive and statistically significant for men

and women. Thus, we can reject the null hypothesis on the random distribution of mortality

in space and accept an alternative hypothesis on the presence of clusters in the all-cause

mortality data. This means that we can prove the presence of mortality clusters of “high-
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high”, “low-low” or both types. Moran’s index and significance test differ across age groups
and gender. First, it is positive and significant for all-cause mortality among men and women
in the 20-44, 45-64 and 65 and older age groups. The global spatial autocorrelation is
especially strong in mature adults aged 45 to 64 years, more so in females than in males.
Second, the clustering in all-cause mortality data among the elderly is much stronger in
females than in males, while among young adults aged 20 to 44 years, Moran’s index is
somewhat higher in males than in females. Finally, for infant mortality and mortality among
children and adolescents, there is insufficient evidence to reject the spatial randomness of
all-cause mortality.

In terms of causes of death, global spatial autocorrelation showed statistically
significant results for only three broad groups of causes of death: diseases of the circulatory
system, diseases of the digestive system (both sexes) and external causes of death in males.
For both sexes, diseases of the digestive system have the highest intensity of global spatial
autocorrelation, more in females than in males. The second group is diseases of the
circulatory system that have the same impact on the spatial differentiation of mortality for
both sexes. Finally, Moran’s index computed for the group of external causes of death gives
statistically significant results only for males.

It is important to highlight that mortality from the three main groups of causes of
death, where the results of global spatial autocorrelation are statistically significant
(cardiovascular diseases, digestive diseases, and external causes of death in males)
contribute the most to the difference in life expectancy at birth between the most leading

districts and the most lagging districts.

e) Local spatial autocorrelation

The location of clusters of similar values on a map was determined using the Local
Indicators of Spatial Association (LISA) calculated separately for all-cause mortality and
cause-specific mortality. Depending on the cause of death (cardiovascular diseases, digestive
diseases or external causes of death in males) the number of districts involved in cold or hot
clusters differs but the division North / Centre remains. The red belt of high mortality is

particularly impressive for diseases of the digestive system in females (Figure 6).
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Figure 6. LISA map for standardised mortality rates from diseases of the digestive system
in Moldova, by sex, 2012-2016

Source: author’s calculations based on NAPH and NBS data

LISA

Conclusions

The study of the regional mortality differentiation even for such a small country like
Moldova with a total population of around 2.6 million is an important tool for evidence-based
public health policy. The main findings point to differences in the drinking habits of the
Moldovan population between central districts and the rest of the country. Certain districts
of the Centre have a dangerous culture of wine consumption, which affects both men and
women. Local policymakers must pay special attention to the population of the districts
forming the red belt of high mortality. Adequate measures aimed at reducing the

consumption of homemade wine in the central region must be taken.
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