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ABSTRACT
Background: Urban residents have higher mortality risks
than rural residents. These urban-rural differences might
be more pronounced within certain demographic sub-
populations.
Aim: To determine urban-rural differences in all-cause
and cause-specific mortality within specific demographic
subpopulations of the Dutch population.
Method: Mortality records with information on gender,
age, marital status, region of origin and place of residence
were available for 1995 through 2000. Neighbourhood
data on address density and socioeconomic level were
linked through postcode information. Variations in all-
cause and cause-specific mortality between urban and
rural neighbourhoods were estimated through Poisson
regression. Additionally, analyses were stratified accord-
ing to demographic subpopulation.
Result: After adjustments for population composition,
urban neighbourhoods have higher all-cause mortality
risks than rural neighbourhoods (RR = 1.05; CI 1.04 to
1.05), but this pattern reverses after adjustment for
neighbourhood socioeconomic level (RR = 0.98; CI 0.97
to 0.99). The beneficial effect of living in an urban
environment applies particularly to individuals aged
10–40 years and 80 years and above, people who never
married and residents from non-Western ethnic origins.
The beneficial effect of urban residence for non-married
people is related to their lower cancer and heart disease
mortality. The beneficial effect of urban residence for
people of non-Western ethnic origin is related to their
lower cancer and suicide mortality.
Conclusion: In The Netherlands, living in an urban
environment is not consistently related to higher mortality
risks. Young adults, elderly, single and non-Western
residents, especially, benefit from living in an urban
environment. The urban environment seems to offer these
subgroups better opportunities for a healthy life.

Urban residents generally experience higher mor-
tality risks than rural residents,1–8 but lower risks9–11

or a lack of urban-rural differences have also been
reported.12 Elevated mortality risks among urban
residents have been found in The Netherlands
too.13 14 These higher urban mortality risks might
be explained by the more unhealthy physical urban
environment with, for instance, higher levels of
traffic and air pollution. Yet, urban-rural differ-
ences in mortality might also be due to differences
in population composition between urban and
rural areas.15 In The Netherlands, for instance,
single people more frequently live in urban areas16

and in general have higher mortality rates than
people with a partner; therefore this compositional
effect might explain to some extent the higher
mortality rates in urban areas.17–21

Few studies have addressed mortality in urban
settings for specific demographic subpopulations,
with contradictory results. Higher mortality risks
for both men and women have been found in
urban compared to rural areas,1 2 8 but lack of
urban-rural mortality differences have also been
reported.2 12 And, while younger age groups experi-
ence slightly lower mortality risks in urban
compared to rural areas, no urban-rural differences
in mortality seem to exist among the elderly.12

Two US studies on the relation between urbanicity
and mortality for different ethnic groups reported
higher risks in urban white residents compared to
rural white residents,1 2 with one study indicating
higher risks in urban African-Americans compared
to those living in rural areas1 and the other found
the same pattern for African-American males but
not for African-American females.2 No studies
focused on the relation between urbanicity and
mortality for married versus non-married people.
Thus, while it is theoretically possible that the
effect of living in an urban environment differs
between subpopulations, there is yet little evidence
to support this.

Our objective is to determine urban-rural differ-
ences in all-cause as well as cause-specific mortality
within specific demographic subpopulations of the
Dutch population. A national dataset with infor-
mation on four individual characteristics of resi-
dents (sex, age, marital status and ethnicity) and
one neighbourhood characteristic (socioeconomic
level) is used to examine the possible negative
influence of urbanicity on mortality.

METHODS

Data
Individual data
Mortality records and demographic data for the
years 1995 through 2000 were provided by
Statistics Netherlands (CBS) and linked by perso-
nal identification number. All people who died
during the study period were registered, irrespec-
tive of whether the death occurred in The
Netherlands or abroad.

Primary cause of death was based on the
International Classification of Diseases, ninth
revision, ICD-9 (ninth revision, 1995) and ICD-10
(tenth revision 1996 through 2000). The following
causes of death were distinguished: (1) all-cause
mortality, (2) cardiovascular disease mortality, in
particular ischaemic and cerebrovascular diseases,
(3) cancer mortality, in particular lung and breast
cancer, and (4) death by external causes, in
particular suicide and traffic accidents.

Demographic information on sex, age, marital
status (never married, married, divorced,
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widowed), region of origin (Dutch, Turkish, Moroccan,
Antillean, Surinamese and other) and address of each individual
was available. Five-year age categories were used except for the
0–1-year olds and 95 years and older. The standard definition of
CBS was used to define non-Western individuals.22 A person
was considered to be of non-Western origin if at least one parent
or the person in question was born in a non-Western country or
continent—that is, Turkey, Africa, Latin America or Asia. In
families from mixed origin the country of birth of the mother
prevailed.

Neighbourhood data
In The Netherlands, neighbourhoods are small geographical
units. The boundaries of a neighbourhood are based on
topography or socioeconomic similarities of residents.
Neighbourhood data for the year 1995 was used for analyses

because mortality records were available from this year
onwards. In 1995, The Netherlands consisted of 10 381
neighbourhoods with on average 1486 residents each.

Urbanicity was based on the number of addresses per square
kilometre in a neighbourhood. The five standard urbanicity
categories of CBS were applied—that is, rural (0–499 addresses/
km2), semi-rural (500–999 addresses/km2), intermediate urban-
rural (1000–1499 addresses/km2), semi-urban (1500–2499
addresses/km2) and urban (.2499 addresses/km2) with about
20% of the Dutch population in each category.23

Socioeconomic status (SES) is an important confounder in the
relation between urbanicity and health. In The Netherlands
individual SES is not routinely collected but neighbourhood
socioeconomic level can be used as a proxy for individual SES
instead.24 Neighbourhood socioeconomic level was indicated by
the percentage of residents with a low income—that is, below

Table 1 The distribution of demographic and socioeconomic characteristics and absolute number of deaths of the Dutch population over the five
urbanicity categories

Rural Semi-rural Intermediate urban-rural Semi-urban Urban

Number of neighbourhoods 4156 1244 998 1225 729

Number of residents (as percentage of total study population) 21.0 20.3 19.4 21.1 18.2

Demographic characteristics

Percentage male 50.8 49.6 49.3 48.6 48.9

Percentage 20–40-year-olds 27.5 28.0 29.1 30.3 37.5

Percentage married residents 49.5 48.6 46.3 42.6 32.5

Percentage residents of Western origin 92.9 88.8 84.1 21.0 66.2

Socioeconomic characteristics

Percentage residents with a low income 39.1 37.9 38.1 40.8 43.7

Deaths (absolute number in 1995–2000)

All-cause mortality 154 329 157 705 140 606 183 319 171 389

Cause-specific mortality

Cancer 44 811 43 676 40 114 51 111 44 683

Lung 10 287 9593 8953 11 491 10 259

Breast 3987 4131 3917 4693 4117

Cardiovascular diseases 57 027 57 530 51 282 67 658 61 338

Ischaemic 22 795 21 757 19 643 25 709 23 007

Cerebrovascular 13 301 14 455 12 680 16 337 14 908

External causes 6229 5591 5004 6536 6686

Suicide 1657 1606 1547 2028 2128

Traffic accidents 4471 3874 3320 4205 4062

Demographic subpopulations (all-cause mortality)

Sex

Male 84 011 77 733 69 422 88 957 79 663

Female 70 318 79 972 71 184 94 362 91 726

Age (years)

0–9 1708 1554 1410 1579 1512

10–19 851 612 464 519 358

20–29 1345 1165 1133 1419 1521

30–39 2296 2071 2097 2510 3157

40–49 5362 5396 5377 6249 5966

50–59 11 881 11 063 10 253 11 900 10 570

60–69 23 714 22 282 20 567 25 529 21 365

70–79 41 901 41 697 39 054 52 439 44 792

80–89 47 494 51 273 44 106 59 426 58 656

90+ 17 777 20 592 16 145 21 749 23 492

Marital status

Never married 20 698 17 209 14 498 18 886 23 095

Married 74 172 70 500 64 442 79 050 61 857

Widowed 53 992 62 350 52 606 71 136 68 265

Divorced 5467 7646 9060 14 247 18 172

Region of origin

Western 144 906 144 171 125 862 161 189 145 055

Non-Western 9423 13 534 14 744 22 130 26 334
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the 40% level of the national income distribution (,J12 025
(£8900; $17 660), because it explained most of the geographical
variation in mortality across neighbourhoods in The
Netherlands.

Neighbourhoods with 100 or fewer residents (n = 1553) were
omitted to reduce mortality rate instability. This implies that
the analyses excluded remote rural areas. We did not aggregate
these small neighbourhoods because this would require arbi-
trary decisions as to which neighbourhoods should be com-
bined. In addition, 476 neighbourhoods were excluded because
of missing data on socioeconomic level. The resulting dataset
consists of 8352 neighbourhoods, which covered 77% of all
neighbourhoods in The Netherlands and 99% of the total Dutch
population. In total, 807 348 people died during the 5-year
study period, this is on average 97 deaths per neighbourhood.

Statistical analysis
Poisson regression models were applied to estimate urban-rural
differences in mortality. For every urbanicity category, a relative
risk was calculated with the group of rural neighbourhoods
serving as reference category. In the Poisson regression model,
the absolute number of deaths in each neighbourhood is the
dependent variable and the logarithm of the expected number of
deaths in that neighbourhood is the offset variable. The
expected number of deaths in a neighbourhood is the sum of
the expected number of deaths of each of the 336 population
groups in one neighbourhood stratified by sex, age, marital
status and region of origin (Dutch, Turkish, Moroccan,
Antillean, Surinamese and other). The expected number of
deaths per population group was calculated by multiplying the
mortality risk of each population group, based on Poisson
regression of the total Dutch population with the number of
people in each population group. Additionally, Poisson regres-
sion analyses were corrected for neighbourhood socioeconomic
level.

These Poisson regression analyses were repeated to estimate
urban-rural variations for specific causes of death and different
demographic subpopulations—that is, men and women; 10 year
age categories; never married, married, divorced and widowed;
Western and non-Western.

Finally, we examined urban-rural variations in cause-specific
mortalities within non-married (never married, divorced and
widowed combined), married, non-Western and Western
groups. These subpopulations were selected because we
expected large differences between urban and rural neighbour-
hoods for these subpopulations. The two highest and lowest
urbanicity categories were combined to assure a sufficient
number of events in the urbanicity categories (table 1).

RESULTS
Urban and rural neighbourhoods differ with regard to popula-
tion composition and socioeconomic level (table 1). In urban
areas the percentages of married and Western residents tend to
be lower, while the percentage of individuals aged 20–40 years
tend to be higher. The differences in population composition
between rural, semi-rural and intermediate urban-rural neigh-
bourhoods are minimal. These urbanicity categories also have
fewer residents with a low income, compared to semi-urban and
urban neighbourhoods.

All-cause mortality
Slightly elevated mortality risks are found in urban compared to
rural neighbourhoods (RR = 1.09; CI 1.08 to 1.10) (table 2).
After adjustment for sex, age and marital status, urban-rural
differences in all-cause mortality become even smaller, but
urban residents still experience higher mortality risks
(RR = 1.05; CI 1.04 to 1.05). Further adjustment for region of
origin does not alter the urban-rural mortality pattern. The
urban-rural pattern in mortality however reverses when
neighbourhood socioeconomic level is added to the model,

Table 2 Urban-rural differences in all-cause mortality

Control variables

Rural (reference) Semi-rural Intermediate urban-rural Semi-urban Urban

RR RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Age and sex 1.00 1.05 (1.04 to 1.06) 1.04 (1.03 to 1.05) 1.05 (1.04 to 1.06) 1.09 (1.08 to 1.10)

+ marital status 1.00 1.05 (1.04 to 1.05) 1.03 (1.03 to 1.04) 1.03 (1.02 to 1.04) 1.05 (1.04 to 1.05)

+ region of origin 1.00 1.05 (1.04 to 1.05) 1.03 (1.02 to 1.04) 1.03 (1.02 to 1.04) 1.04 (1.04 to 1.05)

+ neighbourhood SES 1.00 1.05 (1.05 to 1.06) 1.04 (1.03 to 1.05) 1.00 (0.99 to 1.00) 0.98 (0.97 to 0.99)

RR, relative risk; CI, 95% confidence interval; SES, socioeconomic level.

Table 3 Urban-rural differences in all-cause and cause-specific mortality

Cause of death

Rural
(reference) Semi-rural Intermediate urban-rural Semi-urban Urban

RR* RR (95% CI){ RR (95% CI) RR (95% CI) RR (95% CI)

All-cause 1.00 1.05 (1.05 to 1.06) 1.04 (1.03 to 1.05) 1.00 (0.99 to 1.00) 0.98 (0.97 to 0.99)

Cancer 1.00 1.03 (1.02 to 1.04) 1.04 (1.02 to 1.05) 1.04 (1.02 to 1.05) 1.05 (1.03 to 1.06)

Lung 1.00 1.02 (0.99 to 1.05) 1.04 (1.01 to 1.07) 1.05 (1.02 to 1.07) 1.10 (1.07 to 1.13)

Breast 1.00 1.03 (0.98 to 1.07) 1.06 (1.01 to 1.10) 1.02 (0.97 to 1.06) 1.03 (0.99 to 1.08)

Cardiovascular diseases 1.00 1.03 (1.02 to 1.05) 1.02 (1.01 to 1.04) 0.98 (0.97 to 0.99) 0.94 (0.93 to 0.95)

Ischaemic 1.00 1.00 (0.98 to 1.02) 0.99 (0.98 to 1.01) 0.96 (0.95 to 0.98) 0.94 (0.92 to 0.96)

Cerebrovascular 1.00 1.09 (1.06 to 1.11) 1.06 (1.04 to 1.09) 0.98 (0.95 to 1.00) 0.92 (0.89 to 0.94)

External causes 1.00 0.93 (0.89 to 0.96) 0.88 (0.85 to 0.91) 0.88 (0.85 to 0.91) 0.85 (0.83 to 0.89)

Suicide 1.00 1.02 (0.96 to 1.10) 1.00 (0.93 to 1.07) 1.03 (0.97 to 1.10) 0.99 (0.93 to 1.06)

Traffic accidents 1.00 0.89 (0.85 to 0.93) 0.83 (0.79 to 0.87) 0.80 (0.77 to 0.83) 0.76 (0.73 to 0.79)

*RR, relative risk adjusted for sex, age, marital status, region of origin, and neighbourhood socioeconomic level.
{CI, 95% confidence interval adjusted for sex, age, marital status, region of origin and neighbourhood socioeconomic level.
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resulting in somewhat lower mortality risks in urban compared
to rural neighbourhoods (RR = 0.98; CI 0.97 to 0.99). In the
semi-urban and intermediate urban neighbourhoods mortality
risks are higher compared to both the rural and urban
neighbourhoods. These risks are not affected by either
neighbourhood composition or socioeconomic level (table 2).

Cause-specific mortality
Compared to rural neighbourhoods, mortality risks are higher in
all four urbanicity categories for cancer, in particular lung cancer
(table 3). No significant differences between urban and rural
neighbourhoods are found for breast cancer mortality. For
mortality caused by cardiovascular diseases (including ischaemic
and cerebrovascular diseases) a similar urban-rural pattern is
found as for all-cause mortality: an initial increase is followed
by a decrease in mortality risks. Compared to rural neighbour-
hoods all four urbanicity categories show lower mortality risks
for death due to external causes, in particular for traffic
accidents. No significant differences between urban and rural
neighbourhoods are found for suicide.

Demographic subpopulation
Comparing the most urban category with the most rural
category, no differences in mortality are found among males but
females show lower risks (table 4). Lower mortality risks are
also found among 10–40 year olds and the oldest old. In
contrast, the middle-aged and elderly (50–70 years) living in the
most urban neighbourhoods experience higher mortality risks
than their rural peers. No urban-rural differences are found for
other age groups. In the most urban category mortality rates are
also higher for married individuals, while lower risks are found
for never married and widowed individuals. For divorced

individuals no significant urban-rural differences are found.
Also, no urban-rural differences are found among Western
residents, but non-Western urban residents have lower mortal-
ity risks than their rural peers.

Comparing urban-rural mortality patterns, a similar urban-
rural pattern as for the total population, an initial increase
followed by a decrease in mortality risks, is found among males,
females, people aged 70 years and older, never married,
widowed and divorced people (table 4). A gradual decrease in
mortality risks with increasing urbanicity is found among the
younger age groups (10–40 years). For the other age groups (40–
70 years) and married people an increase is found with some
irregularities.

Figure 1 illustrates the urban-rural variation in cause-specific
mortality according to marital status. The higher rural all-cause
mortality risk among non-married people is mostly explained by
the higher mortality for heart disease and external causes, in
particular traffic accidents in rural areas. The higher urban all-
cause mortality risk among married people is related to cancer
mortality. The contrasting urban-rural pattern between non-
married and married people for all-cause mortality is mostly
related to cancer and heart disease mortality. In urban compared
to rural neighbourhoods, cancer mortality risks are higher
among married people while these are lower for non-married
people.

The larger beneficial effect of urban residence for people with
a non-Western background compared to people with a Western
background is mainly related to cancer mortality and suicide
(fig 2). In urban compared to rural neighbourhoods, cancer
mortality risks are higher among individuals with a Western
background, while these are lower for individuals with a non-
Western background. A similar pattern is seen for suicide.

Table 4 Urban-rural differences in all-cause mortality within demographic subpopulations of the Dutch population

Subpopulation

Rural
(reference) Semi-rural Intermediate urban-rural Semi-urban Urban

RR* RR (95% CI){ RR (95% CI) RR (95% CI) RR (95% CI)

Total 1.00 1.05 (1.05 to 1.06) 1.04 (1.03 to 1.05) 1.00 (0.99 to 1.00) 0.98 (0.97 to 0.99)

Sex

Male 1.00 1.04 (1.03 to 1.05) 1.03 (1.02 to 1.05) 1.02 (1.01 to 1.03) 1.00 (0.99 to 1.01)

Female 1.00 1.06 (1.05 to 1.07) 1.04 (1.03 to 1.05) 0.98 (0.97 to 0.99) 0.96 (0.96 to 0.97)

Age (years)

0–9 1.00 0.97 (0.91 to 1.04) 0.92 (0.86 to 0.99) 0.96 (0.90 to 1.03) 0.97 (0.90 to 1.04)

10–19 1.00 0.77 (0.69 to 0.85) 0.62 (0.55 to 0.69) 0.64 (0.58 to 0.72) 0.52 (0.46 to 0.60)

20–29 1.00 0.90 (0.83 to 0.98) 0.86 (0.80 to 0.93) 0.78 (0.73 to 0.85) 0.64 (0.59 to 0.69)

30–39 1.00 0.96 (0.90 to 1.02) 0.95 (0.90 to 1.01) 0.90 (0.85 to 0.96) 0.88 (0.83 to 0.93)

40–49 1.00 1.07 (1.03 to 1.11) 1.09 (1.05 to 1.13) 1.10 (1.06 to 1.14) 1.04 (1.00 to 1.08)

50–59 1.00 1.03 (1.00 to 1.06) 1.03 (1.01 to 1.06) 1.05 (1.03 to 1.08) 1.04 (1.02 to 1.07)

60–69 1.00 1.04 (1.02 to 1.06) 1.04 (1.02 to 1.06) 1.04 (1.03 to 1.06) 1.05 (1.03 to 1.07)

70–79 1.00 1.05 (1.04 to 1.07) 1.04 (1.03 to 1.06) 1.00 (0.99 to 1.02) 1.00 (0.99 to 1.01)

80–89 1.00 1.08 (1.07 to 1.10) 1.05 (1.04 to 1.06) 0.98 (0.96 to 0.99) 0.95 (0.94 to 0.96)

90+ 1.00 1.06 (1.03 to 1.08) 1.04 (1.02 to 1.06) 0.98 (0.96 to 1.00) 0.96 (0.94 to 0.98)

Marital status

Never married 1.00 1.03 (1.01 to 1.05) 1.01 (0.99 to 1.03) 0.94 (0.92 to 0.96) 0.89 (0.87 to 0.91)

Married 1.00 1.03 (1.02 to 1.04) 1.04 (1.03 to 1.05) 1.03 (1.01 to 1.04) 1.03 (1.02 to 1.04)

Widowed 1.00 1.09 (1.08 to 1.10) 1.06 (1.04 to 1.17) 0.99 (0.98 to 1.00) 0.98 (0.97 to 0.99)

Divorced 1.00 1.07 (1.03 to 1.11) 1.02 (0.99 to 1.06) 1.01 (0.98 to 1.04) 0.97 (0.94 to 1.00)

Region of origin

Western 1.00 1.06 (1.05 to 1.06) 1.04 (1.03 to 1.05) 1.00 (0.99 to 1.01) 0.99 (0.98 to 1.00)

Non-Western 1.00 1.02 (0.99 to 1.05) 1.02 (1.00 to 1.05) 0.97 (0.95 to 1.00) 0.92 (0.89 to 0.94)

*RR, relative risk adjusted for sex, age, marital status, region of origin, and neighbourhood socioeconomic level.
{95% confidence interval adjusted for sex, age, marital status, region of origin, and neighbourhood socioeconomic level.
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DISCUSSION
In The Netherlands, urban neighbourhoods show higher mortality
risks than rural neighbourhoods when differences in population
composition are considered. However when neighbourhood
socioeconomic level is taken into account the urban-rural pattern
reverses, resulting in slightly lower mortality risks in urban
neighbourhoods. The small beneficial effect of living in urban
neighbourhoods applies particularly to younger (10–40 years) and
older (80 years and above) age groups, never married people, and

people from non-Western origin. In contrast, middle-aged and
elderly (50–70 years) and married people living in urban neigh-
bourhoods experience somewhat higher mortality risks compared
to those living in rural neighbourhoods. The beneficial effect of
urban residence for non-married compared to married people is
related to their lower cancer and heart disease mortality. The
beneficial effect of urban residence for people of non-Western
ethnic origin compared with people of Western ethnic origin is
related to their lower cancer and suicide mortality.

Figure 1 Urban versus rural differences
in all-cause and cause-specific mortality
risks according to marital status.

Figure 2 Urban versus rural differences
in all-cause and cause-specific mortality
risks according to region of origin.
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Evaluation of data and methods
Some limitations of the study need to be considered in the
interpretation of the results.

Firstly, a multilevel analysis is generally the recommended
approach to study environmental influences of health. However, a
national dataset of 16 million people nested in 10 000 neighbour-
hoods proved to be too large for the multilevel analyses
programmes within the CBS infrastructure. Disregarding the
clustering of individuals within neighbourhoods underestimates
standard errors of regression coefficients resulting in an over-
estimation of statistical significance. The absence of individual
level data on SES was another reason for using ecological level
analyses. In addition, we used only one neighbourhood socio-
economic level indicator—that is, proportions of households with
low income, because of lack of information on neighbourhood
educational level and other potentially relevant indicators. Lower
socioeconomic groups with, in general, higher mortality risks more
frequently live in urban areas. Incomplete control for neighbour-
hood and individual SES might therefore have led to an
underestimation of the effect of urbanicity on mortality.

Finally, it is important to note that sparsely populated
neighbourhoods were excluded from the analyses. In many
countries, remote rural areas have higher mortality risks than
rural areas, resulting in an U-shaped relation between popula-
tion density and mortality.11 25 26 In comparison to other
countries, however, The Netherlands is a densely populated
country where remote rural areas as found in other countries do
not exist.27 28 The absence of such areas with, in general, higher
mortality risks might explain the lack of the U-shaped pattern
for The Netherlands. This exclusion might however have led to
either a small underestimation or overestimation of the effect of
urbanicity on mortality.

Comparison with previous studies
Other studies report similar small urban-rural differences in
mortality with some indicating lower mortality10 11 and others
indicating higher mortality risks in urban compared to rural
residents.3–5 In addition, large urban-rural differences in mortality
with lower9 and higher risks in the more urban areas are also
found.1 2 6–8 A previous Dutch study found slightly elevated risks
for residents of large municipalities which were defined as having
more than 100 000 residents.13 This result suggest that the choice
for another measure of urbanisation may have led to the different
results. Another Dutch ecological study found an increased
mortality risk of 24% among urban residents aged 65 years.14

The discrepancy in findings might be related to the imperfect
control for relevant individual characteristics in the latter study.

Few studies addressed urban-rural mortality differences
within certain demographic subpopulations. Sex differences
were most studied. For men both lower12 as well as higher
mortality risks1 2 were found for urban compared to rural areas.
For women higher mortality risks1 in urban areas and a lack of
urban-rural differences12 were reported. In densely populated
municipalities in The Netherlands increased risks were found
among elderly residents (65 years and above) but not among the
age group below 65 years.13 An English study reported lower
mortality risks in middle-aged men living in urban compared to
rural areas and no urban rural differences for middle-aged
women or individuals aged 65 years and above.12 The narrow
age groups compared in our study show a more diverse age-
pattern of urban-rural mortality differences than observed in
these previous studies. If the cut-off point of 65 years were
used, lower urban mortality risks would be found in the age

group below 65 years and no urban-rural differences would be
found for the age group above 65 years of age.

Possible explanations
The different urban-rural mortality patterns found within
demographic subpopulations might be related to the different
needs people have29 and the opportunities that either an urban
or rural environment offers them. For instance, the urban
environment provides more job opportunities, retail businesses
and social events,30 which might be more beneficial to certain
groups of people. Single living urban residents may feel less
isolated because of the wide range of social events and many
nearby places where they can meet other people. The elderly
may profit from the better organised public transport31 and the
better availability and accessibility of medical and other
services32 33 in urban environments. Thus, lower mortality risks
might be linked to different needs, which are fulfilled by services
provided within the urban environment.

The larger beneficial effect of urban residence for people with a
non-Western background compared to people with a Western
background is related to their lower cancer and suicide mortality.
Whereas the cancer risk could involve a wide array of factors, the
protective effect on suicide mortality suggests an important role of
the social environment. The diversity of cultures together with the
existence of diverse social networks within urban environments
might create a more supportive and less stressful environment for
migrants. In addition, urban governments may be more aware of
problems regarding migrant groups and provide supportive and
special services such as (medical) information in foreign languages
or specialised accommodation.

Middle-aged and married people are better off when living in
a rural environment. The larger beneficial effect of non-urban
residence for married people is related to the lower cancer and
heart disease mortality. The latter cause of death may suggest
an important role of behavioural factors such as smoking, diet
and physical activity. Middle-aged and married people living in
rural and suburban settings might maintain more healthy
lifestyles, perhaps because of greater opportunities that the
environment offers (for example, recreation spaces, gardening,
etc). In addition, middle-aged and married people mostly have
children, and rural and suburban environments may be
perceived as more child friendly34–36 because of lower levels of
traffic, air and noise pollution, lower crime rates and greater
availability of green spaces. The greater daily difficulties of
raising children in an urban environment may contribute to
higher levels of psychological stress and unhealthier lifestyles.

The urban-rural mortality patterns found in our study may in
part be due to selective migration processes, in this case the move
of healthier individuals to urban or rural neighbourhoods. A Dutch
study found no health differences between individuals who moved
from an urban into a rural area or individuals who moved from a
rural into an urban area.37 However, it is possible that different
results might be produced for certain demographic subpopulations,
since selective migration is related to age37–40 or marital status.37

Young people who move tend to be healthier than young people
who do not move.38–40 For the elderly the opposite is found—that
is, movers are unhealthier than stayers.38–40 The lower mortality
risks in urban areas found in the younger age groups could be a
reflection of young healthy individuals moving into urban areas
because of job opportunities. The same explanation could be
suggested for the lower mortality risks found in rural areas among
middle-aged individuals, with the healthier adults having moved to
rural areas because of their children. The lower mortality risks
among elderly urban residents could be related to the migration of
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healthy elderly people towards urban environments because of
easy access to medical and other services.

CONCLUSION
The urban environment is generally thought to have a negative
impact on health. Our results show, however, that the urban
environment affects the health of different demographic
subpopulations in different ways. These results illustrate that
health effects of environmental characteristics may vary
according to the characteristics of the residents. As the needs
of people vary according to their social position and change
during their life course, so will the kind of environment that can
best fulfil these needs. Selective migration processes aimed to
maintain an optimal match, and the health consequences of
emerging mismatches, may both explain the great variability in
the links between health and residential environment.

Acknowledgements: We thank Statistics Netherlands for the use of their data. We
would also like to thank Vivian Bos for her help with the preparation of the dataset.

Competing interests: None.

REFERENCES
1. Geronimus AT, Bound J, Waidmann TA. Poverty, time, and place: variation in

excess mortality across selected US populations, 1980–1990. J Epidemiol Community
Health 1999;53:325–34.

2. House JS, Lepkowski JM, Williams DR, et al. Excess mortality among urban
residents: how much, for whom, and why? Am J Public Health 2000;90:1898–904.

3. Fukuda Y, Umezaki M, Nakamura K, et al. Variations in societal characteristics of
spatial disease clusters: examples of colon, lung and breast cancer in Japan.
Int J Health Geogr 2005;4:16.

4. Barnett E, Strogatz D, Armstrong D, et al. Urbanisation and coronary heart disease
mortality among African Americans in the US south. J Epidemiol Community Health
1996;50:252–7.

5. Kindig DA, Seplaki CL, Libby DL. Death rate variation in US subpopulations. Bull
World Health Organ 2002;80:9–15.

6. Fukuda Y, Nakamura K, Takano T. Increased excess deaths in urban areas:
quantification of geographical variation in mortality in Japan, 1973–1998. Health
Policy 2004;68:233–44.

7. Haynes R. Inequalities in health and health service use: evidence from the General
Household Survey. Soc Sci Med 1991;33:361–8.

8. Haynes R, Gale S. Mortality, long-term illness and deprivation in rural and
metropolitan wards of England and Wales. Health Place 1999;5:301–12.

9. Singh GK, Siahpush M. Increasing rural-urban gradients in US suicide mortality,
1970–1997. Am J Public Health 2002;92:1161–7.

10. Barnett E, Halverson J. Disparities in premature coronary heart disease mortality by
region and urbanicity among black and white adults ages 35–64, 1985–1995. Public
Health Rep 2000;115:52–64.

11. Levin KA, Leyland AH. Urban-rural inequalities in ischemic heart disease in Scotland,
1981–1999. Am J Public Health 2006;96:145–51.

12. Congdon P, Shouls S, Curtis S. A multi-level perspective on small-area health and
mortality: a case study of England and Wales. Int J Popul Geogr 1997;3:243–63.

13. Kunst AE, Bos V, Mackenbach JP. Buurtverschillen in sterfte: inkomen en
stedelijkheid. In: van der Lucht F, ed. Gezondheid in de grote steden. Bilthoven:
Rijksinstituut voor Volksgezondheid en Milieu, 2002:38–41.

14. Reijneveld SA, Verheij RA, de Bakker DH. Relative importance of urbanicity,
ethnicity and socioeconomic factors regarding area mortality differences. J Epidemiol
Community Health 1999;53:444–5.

15. Macintyre S, Ellaway A. Ecological approaches: rediscovering the role of the
physical and social environment. In: Berkman LF, Kawachi I, eds. Social epidemiology.
Oxford: University Press, 2000:332–48.

16. Knol F, Verkleij H. Sociaal-demografische en statusontwikkeling van stadswijken
1971–1998. In: van der Lucht F, ed. Gezondheid in de grote steden. Bilthoven:
Rijksinstituut voor Volksgezondheid en Milieu, 2002:19–24.

17. Ben-Shlomo Y, Smith GD, Shipley M, et al. Magnitude and causes of mortality
differences between married and unmarried men. J Epidemiol Community Health
1993;47:200–5.

18. Cheung YB. Marital status and mortality in British women: a longitudinal study.
Int J Epidemiol 2000;29:93–9.

19. Joung IMA. Marital status and health: Descriptive and explanatory studies.
Rotterdam: Erasmus Medical Centre, 1996.

20. Malyutina S, Bobak M, Simonova G, et al. Education, marital status, and total and
cardiovascular mortality in Novosibirsk, Russia: a prospective cohort study. Ann
Epidemiol 2004;14244–9.

21. Smith KR, Waitzman NJ. Effects of marital status on the risk of mortality in poor and
non-poor neighborhoods. Ann Epidemiol 1997;7:343–9.

22. Keij-Deerenberg IM. Numbers of foreigners according to several definitions
(aantallen allochtonen volgens verschillende definities). (In Dutch) Maandstatistiek
bevolking 2000;5:14–7.

23. Dulk den CJ, Stadt van de H, Vliegen JM. A new measure for degree of
urbanisation: the address density of the surrounding area (Een nieuwe maatstaaf voor
stedelijkheid: de omgevingsadressendichtheid). (In Dutch) Maandstatistiek bevolking
1992;40:14–27.

24. Bos V, Kunst AE, Mackenbach JP. Nationale gegevens over sociaal-economische
sterfteverschillen op basis van informatie over kleine geografische eenheden.
Rotterdam: Instituut Maatschappelijke gezondheidszorg, Erasmus Universiteit
Rotterdam, 2000.

25. Levin KA, Leyland AH. Urban/rural inequalities in suicide in Scotland, 1981–1999.
Soc Sci Med 2005;60:2877–90.

26. Barnett S, Roderick P, Martin D, et al. A multilevel analysis of the effects of rurality
and social deprivation on premature limiting long term illness. J Epidemiol Community
Health 2001;55:44–51.

27. Giesbers H. Bevolkingsdichtheid 1 januari 2005 per gemeente. Nationale Atlas
Volksgezondheid. 2005. http://www.rivm.nl/vtv/object_map/o1472n21782.html
(accessed 12 March 2006).

28. Van der Gaag N. Waar wonen wij? De geografische verdeling van de bevolking in
Nederland. NIDI, 2002. www.nidi.knaw.nl/web/html/public/demos/dm02072.html
(accessed 15 April 2006).

29. Parkes A, Kearns A. The multi-dimensional neighbourhood and health: a cross-sectional
analysis of the Scottish Household Survey, 2001. Health Place 2006;12:1–18.

30. Knol F. Voorzieningen. In: Steenbekkers A, Simon C, Veldheer V, eds. Thuis op het
platteland: De leefsituatie van platteland en stad vergeleken. Den Haag: Sociaal en
Cultureel Planbureau, 2006:243–64.

31. Harms L. Mobiliteit. In: Steenbekkers A, Simon C, Veldheer V, eds. Thuis op het
platteland: De leefsituatie van platteland en stad vergeleken. Den Haag: Sociaal en
Cultureel Planbureau, 2006:213–40.

32. MacGillavry E, Zwakhals SLN. Locaties algemene en academische ziekenhuizen.
Nationale Atlas Volksgezondheid, 2005. http://www.rivm.nl/vtv/object_map/
o1857n26907.html (accessed 25 March 2006).

33. Schellingerhout R, Campen van C. Gezondheid en zorg. In: Steenbekkers A, Simon
C, Veldheer V, eds. Thuis op het platteland: De leefsituatie van platteland en stad
vergeleken. Den Haag: Sociaal en Cultureel Planbureau, 2006:51–174.

34. Emmelkamp R. Opgroeiende jongeren en veiligheid in de stad en land: de zorgen van
ouders ontrafeld. Beleid en Maatschappij 2004;31:185–93.

35. Jones O. Melting geography: purity, disorder, childhood and space. In: Holloway SL,
Valentine G, eds. Children’s geographies: playing, living, learning. London: Routledge,
2000:9–48.

36. Valentine G. A safe place to grow up? Parenting perceptions of children’s safety and
the rural idyll. J Rural Stud 1997;2:137–48.

37. Verheij RA, van de Mheen HD, de Bakker DH, et al. Urban-rural variations in health in
The Netherlands: does selective migration play a part? J Epidemiol Community Health
1998;52:487–93.

38. Boyle P, Norman P, Rees P. Does migration exaggerate the relationship between
deprivation and limiting long-term illness? A Scottish analysis. Soc Sci Med
2002;55:21–31.

39. Norman P, Boyle P, Rees P. Selective migration, health and deprivation: a
longitudinal analysis. Soc Sci Med 2005;60:2755–71.

40. Bentham G. Migration and morbidity: implications for geographical studies of
disease. Soc Sci Med 1988;26:49–54.

What is already known on this subject

Higher mortality risks are often, but not always, found in the more
urban areas. These higher risks might be related to differences in
population composition between urban and rural areas or to the
‘‘unhealthier’’ physical environment of a city.

What this study adds

Living in an urban environment is not consistently related to
higher mortality risks. In The Netherlands, young adults, the
elderly, single people and non-Western residents, especially,
benefit from living in an urban environment. These results
illustrate that health effects of environmental characteristics may
vary according to the characteristics of the residents.
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