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Abstract

Background: The effect of urban sprawl on body weight in Finland is not well known. To provide more
information, we examined whether body mass index (BMI) and the prevalence of overweight are associated with
an individual's distance to the local community centre and population density in his/her resident area.

Methods: The sample consisted of 5363 men and women, members of the Northern Finland Birth Cohort 1966
(NFBC), who filled in a postal questionnaire and attended a medical checkup in 1997, at the age of 31 years. Body
mass index (BMI; kg/m?) and the prevalence of overweight (BMI = 25.0 kg/m?) were regressed on each subject’s
road distance to the resident commune’s centre and on population density in the 1 km? geographical grid in
which he/she resided, using a generalized additive model. Adjustments were made for sex, marital status,
occupational class, education, leisure-time and occupational physical activity, alcohol consumption and smoking.

Results: The mean BMI among the subjects was 24.7 kg/m?, but it increased by increasing road distance

(by 1.3 kg/m? from 5-10 to 20-184 km) and by decreasing population density (by 1.7 kg/m? from 1000-19,192 to
1-5 inhabitants/km?). The respective increases in overweight (overall prevalence 41%) were 13 per cent units for
distance and 14 per cent units for population density. Adjusted regressions based on continuous explanatory
variables showed an inverse L-shaped pattern with a mean BMI of 24.6 kg/m? at distances shorter than 5 km and a
rise of 2.6 kg/m? at longer distances, and an increase of 2.5 kg/m? from highest to lowest population density. The
associations with road distance were stronger for women than men, while the sex difference in association with
population density remained indeterminate.

Conclusions: We conclude that young adults in Northern Finland who live far away from local centres or in the
most sparsely populated areas are fatter than those who live close to local centres or in densely populated areas.
The likely explanations include variations in everyday physical activity in different residential environments, although
causality of the associations remains to be confirmed.
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Background

It is frequently observed that body weight is associated with
the physical living environment. This is mostly described in
conjunction with urban sprawl characterized by inadequate
walkability of streets and roads, dependence on private cars
and poor accessibility to well-equipped food stores [1-3],
which would lead to a positive energy balance and in-
creased body weight. Some authors report that the effects
of urban sprawl on body mass index (BMI) in county-level
comparisons can be as great as 1 kg/m? [3], which would
markedly increase the prevalence of overweight and the
risk of diabetes and cardiovascular diseases. The main
underlying factor is considered to be everyday physical
activity, which shows wide variations across countries. In
the Netherlands, for example, 48% of trips are made by
foot or bicycle, but only 10% in the USA [4]. From the
public health point of view, the amount of physical activity
undertaken in daily routines is more important than that
used in sports and leisure-time physical exercise [3].

In Finland, studies on this topic are few, but they have
revealed variations in body weight and obesity among
administrative areas [5-7], community types [8,9] and 10-
square-kilometre geographical grids [10]. The variations are
attributed mostly to socioeconomic factors [10]. However,
the physical community structures have greatly changed in
Finland in recent decades due to in-migration to towns
[11], and this may have affected the amount of physical
activity needed in normal daily activities, with consequent
changes in body weight. Therefore, any associations found
between the physical community structures and body
weight would be useful, especially as such associations are
modifiable by community planning [12] and could provide
tools for preventing obesity. This is particularly relevant in
Finland, where the population is sparse and the distances
are long.

The present study, based on a population-based cohort
from northern Finland, tests the assumption that body
weight and the prevalence of overweight depend on the
physical structure of individuals’ residential environment
defined by (1) road distance to the local community centre
and (2) population density in the 1-square-kilometre
geographical grid in which he or she resides. The former
depicts the distance which the person would travel while
doing his or her daily errands, and the latter not only
population density itself but also the type of residence in
the urban—rural scale [12]. The underlying rationale is that
due to better connectivity, people walk and cycle more in
densely populated than in sparsely populated areas [13].

Methods

The area studied

Finland is a subarctic country located between 60 and
70° N latitude and 20 and 31° E longitude. The population
density in 1997 was 17 inhabitants per square kilometre,
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and the total land area is 338,145 km? of which only

30% is inhabited. The country has experienced marked
depopulation of the countryside in recent decades, with
a consequent increase of the urban population and its
density and a thinning of the rural population. This has
caused sprawling of urban areas, with a simultaneous
decrease of population density and an expansion of suburbs
and build-up areas. The thinning of the rural population is
expected to continue in the future [11].

In 1997, Finland was divided into 452 local government
areas, called communes (Figure 1). Some of them (105 in
1997) are referred to as towns, while the rest are country
communes, but all of them are equal in legal status. The
communes differ widely with respect to land area (from
6 to 17,334 square kilometres), population (from 100 to
0.5 million) and population density (from 0.2 to 2760
inhabitants per km?). Especially in the far north, some
settlements are located as far as 100 km or more from
the local population centre. The study area (shown in
grey in Figure 1) comprised three larger regions where
the subjects lived in 1997: the city of Ouluy, the rest of
Northern Finland (provinces of Oulu and Lapland) and
the Helsinki metropolitan area.

The Northern Finland Birth Cohort (NFBC) data

The subjects were members of NFBC 1966, which consists
of all individuals in the two northernmost provinces of
Finland (Oulu and Lapland) whose mothers’ expected
time of delivery was in 1966. The total number of births
was 12,231 (12,058 live births), which covers 96.3% of
all births in the area in 1966. The cohort have been
followed up on since birth; the present analysis is based
on a survey conducted in 1997, when the subjects were
31 years of age. A postal questionnaire was sent to all
those 11,541 subjects who were still alive and whose
addresses were known, and 8767 (76%) returned it. The
respondents who lived in the provinces of Lapland and
Oulu or in the Helsinki metropolitan area, altogether
6759 subjects, were invited to participate in a medical
examination. Of those, 5713 (85%) attended, and 5690
filled in a separate questionnaire inquiring about working
conditions, including a question on physical activity at
work. The study was approved by the Ethical Committee
of the Northern Ostrobothnia Hospital District.

The road network data

To calculate each subject’s road distance to the local
community centre, we used the Finnish road network data
available in the Digiroad database, which is a national road
and street database developed by the Finnish transport
agency (see http://www.digiroad.fi/en_GB/). The database
includes accurate geometry and length of road segments,
which enables a calculation of actual distances between
any two points along the road network. We used the
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Figure 1 Northern Finland birth cohort study (1966): areas surveyed in 1997 shown as shaded.

earliest available version (2003) of the database. The road
network in 2003 was essentially similar to that in 1997, as
only a minimal number of new roads were built during
that period; there were only renovations of the old road
network [14,15].

Coordinates of place of residence

Coordinates of the participants’ home address on 1 January
1997 were obtained from the Finnish Population Register
Centre. Based on these coordinates, each cohort member

living in the provinces of Oulu or Lapland or in the
Helsinki metropolitan area and on whom the relevant
health and work information was available, was attached
to the 1-square-kilometre grid cell in which he/she resided
using ArcGIS. A detailed description of how the grids
were attached to the map is found elsewhere (http://www.
stat.fi/meta/kas/yhtenaiskoordin_en.html). The record link-
age failed for 327 subjects due to unavailability of the
coordinates, errors in the datasets (incorrect coordinates in
either data, coordinates that failed to match any inhabited
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grid or were on the boundary of two inhabited grids and
therefore were ambiguous) and discrepant information on
the resident commune in the cohort and grid data. This
left 5363 subjects in the final study population.

Outcomes

In the medical examination, body height and weight
(to an accuracy of 0.1 cm and 0.1 kg, respectively) were
measured and converted to body mass index (BMI; kg/m?).
For a small proportion of the subjects (3.5%), body height
and weight were based on self-reports in the questionnaire.
Overweight was defined as BMI > 25.0 kg/m> BMI
(a continuous variable) and overweight (yes/no) were used
as outcomes.

Explanatory variables

The shortest road distance between the subjects’” home
and the midpoint of the densest populated 1-square-kilo-
metre grid in his/her resident commune was used as the
first explanatory variable and was calculated from the road
network database. This was done using ArcGIS, by adding
together the lengths of the individual road segments. The
roads included regional and local main streets, collector
streets, feeder streets and private streets, and in the costal
archipelago, ferry connections between these streets. In
the data analysis, distance was used as a continuous
variable (in kilometres) but was also classified to arbitrary
intervals (0-1.9 km, 2.0-4.9 km, 5.0-9.9 km, 10-19.9 km
and 20-184 km) for descriptive purposes.

Population density in each 1-square-kilometre grid,
obtained from Statistics Finland, was attached to each
cohort member residing in this grid and was used as
the second explanatory variable. Population density was
analyzed as a continuous variable but was also classified to
form residential area types: scattered settlements; rural
areas proper; transitional zones; built-up areas & suburbs
and high-rise centres having population densities of 1-5,
6-20, 21-100, 101-1000 and more than 1000 inhabitants
per square kilometre, respectively [11].

Potential confounding factors

Several suspected confounders were controlled for in the
analysis. Firstly, we asked about the frequency of leisure-
time physical activity (response options: once a month or
less often; 2—3 times a month; once a week; 2-3 times a
week; 4—6 times a week; daily) and the duration of physical
activity at a time (not at all; less than 20 minutes; 20—-39
minutes; 40-59 minutes; 1-1.5 hours; more than 1.5
hours), separately regarding light physical activity (no
breathlessness or sweating ) and brisk physical activity
(at least some breathlessness and sweating). The responses
were converted to metabolic equivalents (MET) and MET
hours per week. In the calculations, an intensity value of 3
METs was used for light physical activity and 5 METs for
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brisk physical activity [16]. Secondly, occupational physical
activity was elicited by a question classifying the subjects as
having light sedentary work, other sedentary work, light
standing or moving work, medium heavy moving work,
heavy manual work and very heavy manual work. In
the analysis, the two lowest and two highest groups were
merged (light sedentary/other sedentary work and heavy/
very heavy manual work, respectively). The detailed ques-
tions have been described elsewhere [17,18].

Thirdly, the subjects were requested to indicate the
frequency of their habitual consumption of rye or crisp
bread, fresh vegetables, roots or salads, fruit or berries and
sausages during the past six months (response options:
less frequently than once a month or not at all; 1-2 times
a month; once a week; a couple of times per week; almost
every day; once a day or more often). An unhealthy diet
was defined as one containing sausages daily or almost
every day, and consumption of the rest of the food items a
couple of times a week or less frequently [19].

Smoking was classified according to those smoking 5-7
days a week, 4 days a week or fewer and not smoking at
all. The questionnaire also asked about the frequency of
consumption of beer, wine and spirits during the last year,
and the usual amount consumed per drinking occasion.
The daily amount of alcohol consumed was calculated
using the following alcohol contents (vol %): beer: 4.8;
light wine: 5.0; table wine: 14.5; and spirits: 37.0. The
subjects were classified into quartiles of alcohol consump-
tion (grams per day). The method has been validated
against 7-day food records [19].

In addition to sex and marital status, demographic factors
allowed for in the analysis were based on self-reports
and included socioeconomic group (entrepreneurs; higher
administrative employees; lower administrative employees;
blue collar workers; other) [20], occupational class (office
work; industry; agriculture/forestry; health & social work;
business) [21] and education (university; college or poly-
technic; vocational school or course; no vocational school).

Statistical analysis

We first drew the histograms of residence distance and
population density which we smoothed by Gaussian kernel
density function using smoothing windows of 0.5 km
and 150 inhabitants/km?, respectively. Then BMI and
the prevalence of overweight were regressed on logged
distance and population density using a generalized additive
model in which smoothing was achieved by cubic splines
with 4 degrees of freedom. We used the Gaussian error
distribution for BMI and binomial for overweight, and the
identity link function in both cases. The results were
expressed as smoothed predictions of BMI (kg/m?) and
the prevalence of overweight together with their 95%
confidence bands. The method has the advantage of
retaining the continuity of the explanatory variables
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without assuming any regular shape of the relationship.
Confounders were added to the models depending on
whether they caused any marked change in the smoothed
predictions. The intra-class correlations of BMI and
overweight within the resident communes were close to
zero (< 0.01). The calculations were performed using the
R software, release 2.15.0 [22].

Results

Descriptive data

Figure 1 shows the study area broken down by communes
and larger regions, and (Additional file 1: Figure S1) depicts
the roads (blue lines) used to calculate each individual’s
shortest distance to his or her resident commune’s centre.
The cohort members were heavily concentrated at short
distances and densely populated grids (Figure 2). Thus 92%
of the subjects lived at distances shorter than 20 km, the
most typical distance being 1.4 km, and most of them
(76%) lived in grids having more than 100 inhabitants per
square km, most typically in grids with 71 inhabitants/km?.

The majority of the subjects (86%) still lived in the city
of Oulu or elsewhere in northern Finland, while 15% had
moved to the Helsinki metropolitan area. Most subjects
(93%) worked in service occupations, the health sector,
business or industry; 19% were higher administrative
employees; 10% had university education and 20% were
engaged in heavy physical work; 11% had unhealthy diet,
and 27% smoked on at least five days a week (details are
shown in Table 1).

The median distance from home to the resident com-
mune’s centre was 4.1 km, but it varied among subgroups
(Table 1). Thus the subjects living in Oulu or elsewhere in
northern Finland resided closer (median distance 4.9 km
and 3.3 km, respectively) than those living in the Helsinki
metropolitan area (7.3 km). The longest distances in Oulu
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and Helsinki were only 25 km and 26 km, respectively,
but could reach 184 km in the countryside. People engaged
in agriculture lived farther (median distance 11.2 km)
than those engaged in other occupations (3.7-4.1 km), and
entrepreneurs lived farther (7.4 km) than people belonging
to other socioeconomic groups (3.7-4.2 km). Table 1
also shows variations in residence distance depending
on marital status, education and lifestyle factors, but these
were minor or inconsistent.

The median population density in the subjects’ resident
grid was 712 inhabitants/km® The subjects living in
Helsinki, those who were not married, those who were
engaged in occupations other than agriculture, those who
were higher administrative employees and those who had
university education lived in relatively dense grids (Table 1).
The median population density increased with increasing
leisure-time physical activity and decreasing occupational
physical activity. Population density also increased with
growing alcohol consumption, and smokers and subjects
who had a healthy diet lived in relatively dense grids.

Crude associations of BMI and overweight with residence
distance, population density and potential confounders
BMI averaged 24.7 kg/m?, and 41% of the subjects were
overweight (BMI > 25 kg/m?). The mean BMI showed a
curved pattern depending on residence distance, the values
being 0.7-1.3 kg/m* higher at distances of at least 20
km compared with shorter distances, the corresponding
prevalence difference being 6—13 per cent units (Table 2).
The mean BMI was lowest in high-rise centres (at least
1000 inhabitants/km”) and increased consistently by 1.7
l(g/m2 to scattered settlement areas (1-5 inhabitants/km?),
a similar trend being seen in overweight (the respective
difference being 14 per cent units).
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Table 1 Distribution of the subjects according to major demographic, work-related and lifestyle factors, road distance
from resident commune’s centre and population density of the subject’s resident grid

Demographic, work-related and lifestyle factors No. (%) of subjects Road Population density
distance (km) (inhabitants/km?)
PSO P95 PSO PQS
Sex
Men 2550 (47.5) 42 28.1 678 4506
Women 2813 (52.5) 4.1 26.0 719 5181
Total 5363 (100.0) 4.1 273 712 4986
Marital status
Married/cohabiting 3789 (724) 43 254 597 4188
Other 1444 (27.6) 36 314 1037 6823
Total 5233 (100.0) 4.1 273 713 4986

Region of residence

City of Oulu m21 (21.0) 49 9.8 1537 4325
Rest of northern Finland 3447 (64.5) 33 326 306 2267
Helsinki metropolitan area 774 (14.5) 73 176 3093 10899
Total 5342 (100.0) 4.1 273 712 4986
Occupational class
Office work® 2049 (429 4.1 216 949 5696
Imdustryb 1193 (25.0) 38 28.7 538 4325
Agriculture 329 6.9 1.2 50.7 27 1076
Health/social work 806 (16.9) 38 194 881 4839
Business 404 85) 3.7 199 933 4363
Total 4781 (100.0) 42 294 525 4325
Socio-economic group
Entrepreneurs 357 6.9 74 422 46 2816
Higher administrative 988 (19.0) 4.2 159 1361 6566
Lower administrative 1877 (36.1) 38 212 799 5176
Blue collar workers 1702 (32.7) 4.1 312 507 3765
Other® 274 (5.3) 3.7 290 960 5181
Total 5198 (100.0) 4.1 27.2 716 5075
Education
University 546 (10.0) 4.2 144 1515 7178
College/polytechnic 1835 (34.9) 39 19.7 911 5181
Vocational school/course 1872 (35.6) 44 319 435 3754
No vocational school 1026 (19.5) 40 277 614 4325
Total 5259 (100.0) 4.1 273 710 4986
Occupational physical activity
Sedentary work 1637 (41.3) 43 18.2 1102 5884
Light standing or moving work 670 (16.9) 36 200 9N 5181
Medium heavy moving work 858 (21.6) 42 28.1 539 4663
Heavy/very heavy manual work 799 (20.2) 48 314 368 4043
Total 3964 (100.0) 43 24.5 747 5181

Leisure-time physical activity® (quintiles, MET-hours per week)
0-2.7 1020 (19.7) 44 280 506 4362
28-7.7 1046 (20.2) 45 269 610 4736



Nayha et al. BMC Public Health 2013, 13:938
http://www.biomedcentral.com/1471-2458/13/938

Page 7 of 12

Table 1 Distribution of the subjects according to major demographic, work-related and lifestyle factors, road distance
from resident commune’s centre and population density of the subject’s resident grid (Continued)

7.8-14.1
14.2-25.0
25.1-84.0
Total
Dietf
Healthy
Unhealthy
Total
Alcohol consumption (quartiles, grams per day)
0.0-1.0
1.1-4.0
4.1-104
10.5-531
Total
Smoking
On 5-7 days/week
On 4 days/week at most9
Not at all
Total
All

1046 (20.2) 40 244 845 5181
1030 (19.9) 39 236 942 5181
1034 (20.0) 37 289 713 5075
5176 (100.0) 4.1 27.1 77 5075
4758 (88.7) 4.1 270 717 5075

605 (11.3) 40 29.1 640 4329
5363 (100.0) 4.1 273 712 4986
1288 (24.9) 43 326 392 3625
1282 (24.8) 42 25.7 637 4325
1305 (25.2) 4. 242 884 4964
1298 (25.1) 38 223 971 6628
5173 (100.0) 4.1 273 710 4986
1443 (27.4) 36 244 713 4325

690 (13.1) 4.2 259 926 5619
3128 (59.5) 4.3 278 640 5181
5261 (100.0) 4.1 273 713 4986
5363 4.1 273 712 4986

?Office work, administration, services.

bTransport, construction, factory work.

“Farming, forestry, stock raising.

dStudents, pensioners, unemployed or socioeconomic group unknown.
€See text for explanation.

fDiet including daily or almost daily consumption of sausages, and consumption of rye or crisp read, fresh vegetables, roots or salads, fruits or berries twice a
week or less often, one point being assigned on each of these counts, so that a sum of 4 to 5 points indicated an unhealthy diet and 3 or fewer a healthy diet.

9Smokes on 1-4 days/week or only occasionally.

Table 2 also shows higher BMI and higher prevalence
of overweight in men than women, in subjects living
in northern Finland versus those living in Helsinki, in
entrepreneurs compared with other socioeconomic groups
and in people having lower education versus higher educa-
tion. The subjects working in agriculture and industry
were fattest, and those in the health sector were leanest.
The BMI and the prevalence of overweight decreased with
increasing leisure-time physical activity, while the subjects
doing heavy physical work had the highest BMI and those
doing light physical work the lowest. Unhealthy diet was
associated with a slightly higher BMI and more overweight
than healthy diet, and smokers were fatter than non-
smokers. Subjects in the highest alcohol consumption
quartile had higher BMI and more overweight compared
with those in other quartiles.

Analyses allowing for confounders and curvilinear
associations

The unadjusted regressions using road distance as a con-
tinuous explanatory variable (Figure 3) showed an inverse

L-shaped pattern with a relatively low BMI (24.6 kg/m?)
at distances shorter than 5 km and a smooth rise of 3.0
kg/m? at distances longer than that. The pattern was simi-
lar for overweight, the prevalence increasing by 35 per cent
units beyond the distance of approximately 5 km. In further
analyses adjusting for sex, marital status, occupational class,
education, leisure-time and occupational physical activity,
alcohol consumption and smoking, BMI and overweight
still increased beyond the distance of 5 km, the increases
being slightly smaller (2.6 kg/m* and 30 per cent units,
respectively). An additional allowance for socio-economic
group and diet caused no appreciable changes in the
smoothed curves.

A breakdown by sex in (Additional file 2: Figure S2)
indicated greater distance-related increases in BMI beyond
5 km among women than men, in both unadjusted (women
3.5, men 1.9 kg/m?) and adjusted (women 3.0, men 2.1
kg/m?) analyses, and a corresponding sex difference in
overweight (unadjusted increase 37 versus 20 per cent
units in women and men, respectively; adjusted increase
40 versus 18 per cent units, respectively). However, the
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Table 2 Crude associations of body mass index (BMI) and overweight with road distance, residential area type and
demographic and lifestyle factors

BMI (kg/m?) No. (%) overweight No. of
m (BMI > 25) subjects
Road distance to commune’s centre (km)
0.0-19 24.71 4.25 549 (41.2) 1334
20-49 24.50 4.20 1(383) 1727
5.0-9.9 24.45 397 449 (38.0) 1183
10.0-19.9 2510 451 295 (45.2) 652
20.0-184.0 25.76 4.79 206 (51.4) 401
Residential area type (population density, inhabitants per km?)
Scattered settlements (1-5) 26.07 534 74 (52.1) 142
Rural areas proper (6-20) 25.35 446 200 (45.5) 440
Transition zones (21-100) 2522 480 292 (43.8) 667
Built-up areas & suburbs (101-1000) 24.65 410 734 (41.1) 1785
High-rise centres (1000-19192) 24.40 4.06 860 (38.0) 2263
Sex
Men 25.25 362 1246 (49.6) 2513
Women 24.22 4.72 914 (32.8) 2784
Marital status
Married/cohabiting 2473 410 1550 (41.0) 3779
Other 24.68 4.70 579 (40.2) 1441
Region of residence
City of Oulu 24.52 4.00 439 (39.6) 1109
Rest of northern Finland 2494 441 1458 (42.7) 3416
Helsinki metropolitan area 23.99 3.88 263 (34.1) 772
Occupational class
Office work 24.40 432 749 (36.6) 2044
Industry 2521 398 585 (49.2) 1190
Agriculture 2525 445 146 (44.6) 327
Health/social work 2437 444 283 (35.2) 805
Business 24.64 3.99 165 (40.8) 404
Socio-economic group
Entrepreneurs 25.32 426 164 (45.9) 357
Higher administrative 2411 357 348 (35.3) 985
Lower administrative 2449 440 697 (37.2) 1875
Blue collar workers 25.19 435 797 (47.0) 1696
Other 24.57 4.54 5 (38.6) 272
Education
University 2384 3.55 0 (30.6) 523
College/polytechnic 2441 3.98 704 (384) 1831
Vocational school/course 25.14 434 853 (45.6) 1869
No vocational school 2487 479 419 (41.0) 1023

Occupational physical activity
Sedentary work 2454 410 639 (394) 1620
Light standing or moving work 2430 397 242 (36.4) 664
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Table 2 Crude associations of body mass index (BMI) and overweight with road distance, residential area type and

demographic and lifestyle factors (Continued)

Medium heavy moving work
Heavy/very heavy manual work
Leisure-time physical activity (quintiles, MET-hours per week)
0-2.7
28-7.7
7.8-14.1
142-25.0
25.1-84.0
Diet
Healthy
Unhealthy
Alcohol consumption (quartiles, grams per day)
0.0-1.0
1.1-4.0
4.1-104
10.5-531
Smoking
On 5-7 days/week
On 4 days/week at most
Not at all
All

24.65 387 350 (41.2) 850
25.17 4.19 363 (45.8) 793
25.26 4.72 482 (47.3) 1019
24.92 4.54 441 (42.3) 1042
2450 4.06 400 (38.3) 1044
2439 392 385 (37.5) 1027
24.37 3.82 390 (37.8) 1031
24.66 4.26 1876 (40.0) 4694
25.14 445 284 (47.1) 603
2481 505 499 (38.9) 1284
2448 4.15 486 (38.0) 1278
2440 3.86 491 (37.7) 1302
25.17 383 628 (484) 1297
24.85 4.50 613 (42.5) 1441
25.03 412 305 (44.2) 690
24.57 417 1217 (39.0) 3118
24.71 4.26 2160 (40.8) 5297

? standard deviation.

wider confidence intervals and less precise regression
estimates left the associations more equivocal than in
the unstratified analysis.

BMI and overweight also increased with decreasing
population density, even though the relation was less
curvilinear than that for residence distance (Figure 3).
The unadjusted model-estimated increase over the whole
population density scale was 2.8 kg/m? for BMI and 28 per
cent units for overweight, and these diminished to respect-
ively 2.5 kg/m* and 20 per cent units when allowance was
made for the confounders mentioned above. The sex differ-
ences were less consistent than those regarding distance-
related sex differences (Additional file 2: Figure S2).

Discussion

We found that among young Finnish adults, BMI and
the prevalence of overweight increased with increasing
road distance to the local commune centre, but only at
distances longer than approximately 5 kilometres, and they
increased from densely to sparsely populated areas. This is
the first attempt in Finland to explain the geographical
variation in body weight [6-10] in terms of residence
distance and grid-based population density. The variations
of BMI and overweight were large, and in case the asso-
ciations can be interpreted causally, the findings provide

opportunities for prevention of overweight by health-based
planning of the built environment.

The strength of our study is the large population-based
cohort in well-defined geographical areas of Finland, where
the distances and population density vary widely. The
geographical grids on which the information on population
density was based were smaller than those used previously
[10] and were small enough to reflect influences of individ-
uals’ close environment. The response rate was satisfactory,
and any marked selection at different phases of the study is
unlikely. We were able to use road distance as an explana-
tory factor, which is likely to serve as a reasonable estimate
for the length of actual distances people go for their daily
trips—although we did no individual measurements nor
did we measure the duration of the trips.

One limitation of the study is that we had no information
on the actual length of work travels or on the mode of
travelling to work. Therefore, we cannot differentiate
between the effects of leisure time physical activity and
those related to commuting. Some confounding may have
been caused by higher unemployment rates and conse-
quently less work-related physical activity in sparsely popu-
lated areas, which was not specifically controlled for. We
did control for socioeconomic group, in which unemployed
persons are included in the class “other”, but this did not
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markedly change the parameter estimates and this factor
was not included in the final model.

The questions on leisure-time and occupational physical
activity have been previously used and have adequate face
validity [17,18]. We similarly assume that the composite
variable used to measure the healthiness of diet is valid
because it predicts abdominal obesity [19], even though
calorie intake was not measured. We cannot rule out a
possibility of residual confounding, but we believe that
our findings serve as reasonable estimates for how much
residence distance and population density may affect body
weight.

Geographical studies of BMI and obesity conducted in
Finland have found variations between localities [5] and
larger areas [6] and a lower BMI in the capital area of
Helsinki than in other areas [7]. The sole grid-based ana-
lysis of body weight conducted in this country observed a
lower prevalence of obesity in cities compared with other
areas [10]. Investigations performed elsewhere have either
found [23] or have not found [24] more obesity in rural
than in urban areas. The lower BMI in urban areas has
been linked with higher socioeconomic status [9] and
higher population density [2,25-27], and is interpreted in
terms of proximity of daily destinations accessible by
walking or bicycle and the consequently greater physical

activity. We used road distance as an operational measure
for actual distances which people travel in everyday life,
and population density to indicate the subject’s community
type in urban—rural scale. By a reasonable assumption, both
measures are related to the intensity of physical activity and
the accessibility of services and amenities, the former on
account of travel lengths and mode of moving, the latter
through better connectivity with daily destinations.

We observed higher body weight among people living
in remote and sparsely populated areas. The association
was attributable partly to social, demographic and lifestyle
factors including leisure-time and occupational physical
activity. As the associations persisted after adjustments,
true effects of distance and population density are a possi-
bility. The cross-sectional study design and the possibility
of unidentified confounders prevent us from drawing
causal conclusions. We also acknowledge a possibility
of migration-related bias. A Finnish study concluded
that heavier adolescents who reside in the countryside
may be less likely to move to towns than normal weight
adolescents [9], but we do not know whether this is true
for adults.

Substantive evidence from elsewhere favours the view
that individuals’ physical environment modifies the amount
of physical activity in daily life. The relevant issues include
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how far away the daily destinations are located and
whether the distances are travelled by foot, bicycle,
public transport or private car. More overweight has
been reported among people who live far from large
supermarkets [28] or recreational facilities [29] or who
have poor access to them [30,31], those who live far
from bike paths [32] or have no shops or paths within
walking distance [30] and those who have few non-
residential destinations [29]. Proximity of employment
establishments, grocery stores and business centres is
believed to be linked to lower body weight [33].

Less overweight has been observed in individuals who
have an easy access to healthy food stores [34] or super-
markets [35] or have healthy grocery or multiple food
options in their neighbourhood [12], while people living
close to fast-food restaurants are fatter [36]. Factors
associated with low BMI and less obesity also include easy
access to green areas [37,38] or living in neighbourhoods
with much vegetation [28]. Increased walkability of streets
would decrease the risk of overweight [39], each kilometer
walked per day decreasing the likelihood of obesity by
5% and each hour spent in a car per day increasing the
likelihood of obesity by 6% [40]. People are leaner in
areas in which a higher percentage of the population
walks to work [12], while those using a car for work
travels or trips to grocery stores are fatter [41,42].

Conclusions

Even in sparsely populated Finland, urban centres have
sprawled in recent decades as a consequence of migration
of the country population to towns [11], but the public
health consequences of this with respect to body weight
are not well recognized nor taken into account in the
national health policy. However, the high-level health
and population records in Finland provide excellent
opportunities to foresee and control the adverse effects
of urban sprawl and rural depopulation. Our results
suggest that approximately 40% of young adults live in
areas that may adversely affect their body weight because
their place of residence is located too far away from
local centres or is too sparsely inhabited. We assume
that variations in everyday physical activity in different
areas explain the findings, but individual-based mea-
surements of daily activity are needed to strengthen this
causal argument. The prevalence of overweight attribut-
able to geographical location represents a significant
and removable fraction of the public health burden and
calls for more studies on the effects of community planning
on health [4]. Even though causality needs to be confirmed
for the associations reported here, the findings emphasize
that community planning is a health issue that should
be closely examined not only by city planners, but also
by public health scientists.
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Additional files

Additional file 1: Figure S1. Detailed map of the area studied. Detailed
map of the area studied, showing the entire road network (marked in
grey) and the roads used to calculate each individual's travel distance to
the resident commune’s centre (blue).

Additional file 2: Figure S2. BMI (kg/m?) and overweight (BMI > 25
kg/m?) according to residence distance and population density, by sex.
Body mass index (BMI; kg/m?) and percentage of overweight (BMI > 25
kg/m2) in relation to individual’s road distance (km) to the resident
commune’s densest grid, and on population density of the resident grid
(inhabitants/km?), separately for men and women. Continuous line
indicates the regression-based estimate for BMI and the prevalence of
overweight, smoothed by a cubic spline with 4 degrees of freedom
(95% confidence bands shown by dashed lines). Residential area types
are marked by Arabic numerals: 1 scattered settlements; 2 rural areas
proper; 3 transition zones; 4 built-up areas & suburbs; 5 high-rise centres.
Upper rows: crude BMI and prevalence of overweight. Lower rows:
regression-based gradients compared with the baseline, adjusted for
marital status, occupational class, education, leisure-time and
occupational physical activity, alcohol consumption and smoking.
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