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Routine stair climbing in place of residence and Body
Mass Index: a pan-European population based study
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Objective: Stair climbing is highlighted as a component of a regiment of daily physical activity by various health agencies. This
study examined the association between daily stair climbing, as measured by floor of residence in buildings without elevators,
and body mass index (BMI).
Methods: We analyzed data from a cross-sectional survey of housing and health, conducted by the WHO in eight European
cities in 2002 and 2003. BMI was computed from self-reported height and weight; respondent and housing characteristics were
also included in regression models that accounted for the clustering of respondents within the same household.
Results: Among 2846 normal weight adults, there was an interaction between floor of residence and sex (P¼0.017). Among
men, residence on a higher floor was significantly associated with lower BMI (P¼0.003); BMI of men residing on the fourth floor
or above was 0.88 lower than men residing on the first floor. Among women, there was no significant association between floor
of residence and BMI (P¼0.161).
Conclusions: These results suggest an association between daily stair climbing and BMI among men but not among women. If
replicated, these results support initiatives encouraging stair climbing as a path toward physical fitness among men.
International Journal of Obesity (2008) 32, 490–494; doi:10.1038/sj.ijo.0803755; published online 23 October 2007
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Introduction

Regular physical activity promotes both physical and mental

health.1,2 However, busy lifestyles often make it impractical

to regularly engage in physical activity.3,4 Consequently, the

US and European health agencies recommend short bouts of

physical activity, and are promoting stair climbing as a

convenient means of accumulating physical activity

throughout the day.

At least three studies have examined the health effects of

stair climbing as part of structured exercise programs.5–7

However, to date, none of the studies have examined stair

climbing as part of the daily routine. We used floor of

residence in buildings without access to an elevator as a

proxy for regular stair climbing, and investigated its associa-

tion with body mass index (BMI) among a population-based

sample of European adults. We hypothesized that, residence

in higher floors is inversely associated with BMI and that the

magnitude of this association varies by sex.

Methods

Data were collected in 2002 and 2003 by the WHO as part of

the Large analysis and review of European housing and

health status (LARES) project, a cross-sectional survey of area

of residence, housing conditions and health in eight

European cities.8

The outcome of interest for this study was BMI computed

from self-reported height and weight. Floor level of residence

was used as a proxy for daily stair climbing. We analyzed data

from respondents who were at least 18 years of age, resided

in the same dwelling for at least one year, lived on the

ground or higher floors in a building without access to an

elevator, reported no difficulty climbing a flight of stairs and

were of normal weight (BMI between 18.5 and 29.9).

Exclusion of people who were underweight was intended

to minimize confounding from health problems. Exclusion

of people who were overweight was intended to minimize
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confounding from health problems and the likelihood of

reverse causation.

Presence of an elevator at the residence was determined by

the question ‘Is there a lift or elevator in the building?’ This

question was not asked of residents of single-family homes

because these dwellings are very unlikely to have an elevator.

Data from single-family homes were included in the

analyses. An indicator variable distinguishing between

single- and multi-family homes was included in the regres-

sion models.

Individual sociodemographic characteristics and smoking

status were controlled for in the analyses. Each respondent’s

report of physician-diagnosed ‘weight-linked illnesses’

(diabetes or hypertension), ‘respiratory ailments’ (asthma

or emphysema) and ‘joint-related diseases’ (rheumatic

arthritis or osteoporosis) were also included in models as

covariates.

We reduced the confounding effect of socioeconomic

status (SES) in two ways. First, we included multiple variables

measuring different components of SES.9 In addition to

education, marital status and employment status, we also

included in the models: home ownership (owning or renting

the home), home type (single-family or multi-family) and an

index of crowding (number of residents per room). Second,

because residents of single-family homes may differ from

those of multi-family homes with respect to SES and other

related factors, we conducted a sub-analysis in which the

sample was restricted to residents of multi-family homes.

In the preliminary analyses we compared mean BMI across

levels of the individual and housing factors, the main

Table 1 Characteristics of the study sample

Total Males Females

N (%) BMI mean N (%) BMI mean N (%) BMI mean

Total 2846 24.1 1382 (49) 24.7 1464 (51) 23.5

Floor of residence

1 1632 (57) 24.2 805 (58) 24.9 827 (56) 23.5

2 535 (19) 24.0 252 (18) 24.7 283 (19) 23.3

3 335 (12) 23.7 158 (11) 24.2 177 (12) 23.3

4+ 344 (12) 24.0 167 (12) 24.2 177 (12) 23.8

Age (years)

18–30 737 (26) 22.7 376 (27) 23.4 361 (25) 21.9

31–40 529 (19) 23.9 243 (18) 24.7 286 (20) 23.1

41–50 533 (19) 24.3 237 (17) 25.1 296 (20) 23.7

51–60 473 (17) 24.9 234 (17) 25.4 239 (16) 24.4

61–70 329 (12) 25.4 170 (12) 25.7 159 (11) 25.1

470 245 (9) 24.8 122 (9) 25.0 123 (8) 24.6

Marital status

Married 1901 (67) 24.5 932 (67) 25.1 969 (66) 23.8

Divorced/widowed/separated 297 (10) 24.1 82 (6) 24.6 215 (15) 24.0

Single 648 (23) 22.9 368 (27) 23.6 280 (19) 22.0

Education

Primary 564 (20) 25.1 279 (20) 25.4 285 (20) 24.8

Secondary 1489 (52) 24.0 729 (53) 24.5 760 (52) 23.4

Post-secondary 793 (28) 23.6 374 (27) 24.5 419 (29) 22.7

Employment status

Employed 1569 (55) 24.0 833 (60) 24.8 736 (50) 23.2

Unemployed 1277 (45) 24.1 549 (40) 24.6 728 (50) 23.8

Physical activity

None 1226 (43) 24.6 576 (42) 25.0 650 (44) 24.2

Occasional 918 (32) 23.8 415 (30) 24.7 503 (34) 23.1

Frequent 702 (25) 23.5 391 (28) 24.3 311 (21) 22.6

Home ownership

Own 2287 (80) 24.2 1125 (81) 24.7 1162 (79) 23.6

Rent 559 (20) 23.7 257 (19) 24.5 302 (21) 23.1

Home type

Single-family 1398 (49) 24.2 697 (50) 24.8 701 (48) 23.5

Multi-family 1448 (51) 24.0 685 (50) 24.5 763 (52) 23.5
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analyses were based on mixed-effects linear regression

modeling of BMI as a function of floor of residence and the

other covariates. Since in many dwellings multiple residents

were surveyed, we fit models with a random intercept for

household and used the robust variance estimator to account

for clustering. We first fit a multivariable model that

included a pre-specified interaction between floor of resi-

dence and sex. If the interaction were to prove significant,

we would report sex-specific associations between floor and

BMI; otherwise, we would eliminate the interaction and

report a single set of results.

Results

Our sample included 3141 respondents. Of these, 295 (9%)

had a missing value on one or more variables included in the

analyses, leaving an analytic sample of 2846 respondents

(Table 1). Respondents excluded from the analysis due to

missing values were similar to the analytic sample in terms of

city of residence, gender, age, employment status, education,

marital status, home ownership and crowding. Excluded

persons were less likely to live on the first floor, and were

more likely to live in multi-family homes.

In the first multivariable model, the interaction between

floor and sex was significant (P¼0.017); therefore, we

proceeded with sex-specific models (Table 2). Among

men, there was an independent inverse association between

floor level and BMI. Among women, there was no clear

pattern, and the association between floor level and BMI was

not significant (P¼0.161). Among both men and women,

education and physical activity were associated with lower

BMI (Table 2). Results for some of the other individual and

housing characteristics are shown in Table 2. Analyses

restricted to residents of only multi-family homes

(N¼1654) yielded very similar results (not shown).

Table 2 Sex-specific association of floor of residence with BMIa

Males Females

BMI mean difference (95% CI) P BMI mean difference (95% CI) P

Floor of residence 0.003 0.161

Floor 1 Reference Reference

Floor 2 �0.60 (�1.02, �0.17) �0.10 (�0.55, 0.35)

Floor 3 �0.77 (�1.31, �0.24) �0.31 (�0.84, 0.22)

Floor 4+ �0.88 (�1.41, �0.35) 0.33 (�0.22, 0.88)

Age (years) 0.001 0.001

18–30 Reference Reference

31–40 1.04 (0.55, 1.54) 1.20 (0.72, 1.69)

41–50 1.24 (0.70, 1.78) 1.76 (1.26, 2.26)

51–60 1.42 (0.84, 1.99) 2.26 (1.71, 2.80)

61–70 1.62 (0.96, 2.29) 2.56 (1.91, 3.21)

470 1.10 (0.39, 1.82) 1.73 (0.95, 2.51)

Marital status 0.075 0.056

Married Reference Reference

Separated/widowed �0.47 (�1.02, 0.08) �0.32 (�0.75, 0.10)

Single �0.40 (�0.86, 0.07) �0.48 (�0.95, �0.02)

Education 0.087 0.002

Primary Reference Reference

Secondary �0.29 (�0.70, 0.12) �0.33 (�0.78, 0.11)

Post-secondary �0.42 (�0.90, 0.05) �0.82 (�1.34, �0.31)

Physical activity 0.065 0.005

None Reference Reference

Occasional 0.11 (�0.24, 0.46) �0.19 (�0.55, 0.18)

Frequent �0.28 (�0.64, 0.08) �0.61 (�1.00, �0.23)

Home ownership 0.297 0.040

Own Reference Reference

Rent 0.21 (�0.18, 0.60) 0.45 (0.02, 0.87)

Home type 0.048 0.125

Single-family Reference Reference

Multi-family 0.46 (0.00, 0.91) 0.37 (�0.10, 0.83)

aThe models also controlled for city of residence, employment, smoking, weight-linked illnesses, respiratory ailments, joint-related diseases, crowding and whether

the home had an internal private staircase.
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Discussion

For an average male subject in our study, who was 176 cm tall

(5 ft 9 inches) and weighed 76 kg (168 lb), residence on the

ground floor versus the fourth floor was associated with an

average weight difference of 2.7 kg (6.0 lb). This difference

has practical public health impact when projected to an

entire population.10

The reason for the absence of an association between floor

level and BMI among women is unclear. A possible explana-

tion is measurement error as women are more likely to

misreport their weight than men.11,12 Due to the small

magnitude of the association between stair climbing and

BMI, even a moderate amount of confounding might have

obscured the link. For example, employment status might

have been a more accurate indicator of SES for males than for

females since a large number of women are not employed

outside the home. It is also possible that women did not

change in BMI but changed in body fat percentage, but

unfortunately we do not have indicators (for example, waist

measurements) of visceral adiposity.13

The main weakness of our study is the lack of information

on diet. However, it is unlikely that diet is an independent

determinant of floor of residence. Thus, it can only act as a

confounder to the extent that it shares common determi-

nants with floor of residence, such as SES affecting both

floor and diet. Since we had a control for a number of SES

indicators in our analyses, major confounding by diet is

unlikely. We also lack a direct measure of stair climbing and

used floor of residence as a proxy, assuming that people

residing above the ground floor and without access to an

elevator would climb the stairs as a part of their normal daily

routine. However, our inability to directly account for the

frequency by which residents of different floors used the

stairs limits the accuracy of floor of residence as a proxy for

stair climbing. Finally, although we limited our analyses to

people who were residing in the same dwelling for at least

one year, our findings based on these cross-sectional data

may not reflect the longitudinal effects of stair climbing.

The LARES data were collected from residents of eight

heterogeneous European cities. Although we adjusted for city

of residence in our analyses, it is possible that the extent to

which housing characteristics can serve as useful proxies for

SES varies across these cities, introducing some residual

confounding. On the other hand, our data represent a large

and diverse population and were collected by trained

surveyors utilizing standardized data collection procedures,8

thus, strengthening the confidence in our findings and their

possible generalizability. Another strength of the present

study is our examination of stair climbing among residents

of dwellings without elevators, where presumably the resi-

dent’s only option is to use the stairs. In addition, we excluded

obese respondents who might have selected to reside on lower

floors to eliminate reverse causation possibilities.

Our findings suggest that, among men, use of stairs as part

of daily activities may be associated with modest decreases in

body mass. If our findings are corroborated elsewhere,

preferably in a longitudinal study with direct measures of

both stair climbing and BMI, they will support initiatives to

incorporate stair climbing as an effective means of engaging

in short bouts of physical activity as part of one’s daily

routine.14–17 While routine stair climbing alone is unlikely to

add up to the recommended levels of physical activity, it

may be a convenient means of expending some of those

calories.
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