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Importance of participation rate in sampling of
data in population based studies, with special
reference to bone mass in Sweden

H Duppe, P Gardsell, BS Hanson, 0 Johnell, BE Nilsson

Abstract
Objective - To study the effects of par-
ticipation rate in sampling on "norm-
ative" bone mass data.
Design - This was a comparison between
two randomly selected samples from the
same population. The participation rates
in the two samples were 61-9% and 83-6%.
Measurements were made of bone mass
at different skeletal sites and of muscle
strength, as well as an assessment ofphys-
ical activity.
Setting - Malmo, Sweden.
Subjects - There were 230 subjects (117
men, 113 women), aged 21 to 42 years.
Results - Many subjects participated in
both studies (163). Those who took part
only in the study with the higher par-
ticipation rate (67) almost invariably had
higher values for bone mass density at the
sites measured (up to 7-6% for men) than
participants in the study with the lower
participation rate. No differences in
muscle strength were recorded.
Conclusion - A high degree of compliance
is important to achieve a reliable result in
determining normal values in population
based studies.

(T Epidemiol Community Health 1996;50:170-173)

The present study is based on two previous
studies by independent research groups in
which the participants were drawn from the
same, well defined population. The par-
ticipation rates were 61-9% and 83-6%. Since
many participants took part in both of these
previous studies, our aim was to see in what
way those who only took part in the study
with the higher participation rate (declining
participation in the other study) differed from
those who took part in the study with the lower
participation rate (61 9%) with regard to bone
mass, muscle strength, and the level of physical
activity.

Methods
POPULATION
A study was carried out at the primary health
care centre in the suburban community of
Kirseberg, Malmo (11 000 residents) between
1990 and 1995. This population was studied
by two university departments independently
- the Department of Community Health Sci-
ences and the Department of Orthopaedics,
both in Malmo.
For both studies, identical lists of inhabitants

of Kirseberg were taken from city files and used
for participant selection.
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In many studies ofthe effects of different factors
(drugs, life style, etc) on bone mass, "norm-
ative" data serve as controls, which makes it
essential that these values are "true". We have
previously focussed on differences between
normative data obtained from a randomly se-

lected sample and a sample selected by other
means.' In this study we investigated the
importance of the participation rate when ob-
taining "normative" data for bone mass and
muscle strength. The study was needed because
the participation rate in many studies of bone
mineral research is either fairly low or not
given at all. We know that even relatively small
differences in bone mass are potentially im-
portant, for example, a 1 SD reduction in bone
mass at its peak is believed to be associated
with a 50 to 100% increased risk of future
fracture.23 Thus, if participation rates influence
the outcome in bone mass studies, this may leas
to bias and consequently incorrect conclusions.
The influence of different means of selecting
participants and reasons for differences in par-
ticipation rate are also discussed.

Kirseberg health project
Between 1990 and 1995 the Department of
Community Health Sciences invited all res-
idents aged 20 to 45 (about 5000 individuals)
to participate in a health examination which
was free of charge and without any inducement
offer and was administered by a nurse at the
primary health care centre. Written invitations
were sent out and those who did not respond
were followed up by telephone. The purpose
of this health examination was not only sci-
entific, it was also an opportunity for residents
in Kirseberg to have a medical check up (blood
pressure, cholesterol level, alcohol, and smok-
ing habits, etc).4 In the present study we have
included the first part of this health ex-
amination. From 1990-91, 839 men and
women aged 20 to 41 were invited to take part,
and 519 participated (61-9%).

Orthopaedic study
At the Department of Orthopaedics we have
been studying subjects from the same popu-
lation to serve as "normative" data for sub-

170

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jech.bm

j.com
/

J E
pidem

iol C
om

m
unity H

ealth: first published as 10.1136/jech.50.2.170 on 1 A
pril 1996. D

ow
nloaded from

 

http://jech.bmj.com/


Importance of participation rate in studies

sequent research and to determine at which
age bone mass peaks in this population based
sample. We were also trying to identify the
determinants ofpeak bone mass such as muscle
strength.
Peak bone mass is believed to be one of the

major factors that contributes to bone quality
later in life, since a high peak bone mass seems
to reduce future fracture risk.235 The de-
velopment of bone mass towards its peak, is
governed mainly by heriditary factors.i8 Nu-
tritional factors, especially calcium intake, may
have an influence, 9-11 as do some lifestyle
factors such as smoking, alcohol consumption,
and the level of physical activity.12-5

Altogether 275 men and women aged 21
to 42 were randomly selected and invited to
participate. The letter of invitation stated that
participants would be informed about their
muscle strength and given an opportunity to
compare their results with other participants
and local athletes. In addition, participants
would be given two cinema tickets as an in-
ducement. Non-respondants were contacted by
telephone. Of the 275 invited, 230 participated
(83 6%).

Methods
When comparing the databases of the two stud-
ies, we found that 163 (77 men, 86 women)
of the 230 participants in the orthopaedic study
had also participated in Department of Com-
munity Health Sciences Study. Thus, 67 (40
men, 27 women) participated in the ortho-
paedic study only.

Comparisons were made between two
groups. Group A, which comprised those par-
ticipating in both studies described above (The
Kirseberg health project and The orthopaedic
study), had a participation rate of 61-9%.
Group B comprised those who took part only
in the orthopaedic study (who were invited but
did not participate in the Kirseberg Health
Project) and in effect increased the par-
ticipation rate to 83-6% (figure).

Participants in Kirseberg
health project n = 519

(61.9%)

MEASUREMENT OF BONE MASS DENSITY (BMD)
BMD (g/cm2) was measured at the spine (LII-
IV), hip (neck, trochanter, and Ward's triangle)
and for the total body (dual energy x ray
absorptiometry (DEXA) method), as well as
the forearm (single photon absorptiometry
(SPA) method),'6 where both distal (SPA 1 -
mostly trabecular bone) and proximal (SPA 6
- mainly cortical bone) measurements were
made.

MEASUREMENT OF MUSCLE STRENGTH
Measurements were made at the leg (mainly the
quadriceps muscles), using a Biodex equipment
(Smith & Nephew). PT 60 (peak torque, an-
gular velocity 60°/second) and TW 60 (total
work, angular velocity 60°/second) were as-
sessed as determinants of muscle strength.

PHYSICAL ACTIVITY
A questionnaire was used to assess physical
activity levels at work and during leisure. Par-
ticipants were asked to state which of the given
alternatives corresponded best to their own
level of activity at work during the past year.
Physical activity during leisure was assessed in
a similar way but here a score was created in
order to take seasonal variations into account
(Appendix).

STATISTICAL ANALYSIS
Variables between groups A and B were com-
pared by Student's t test. For non-parametric
comparisons the Mann-Whitney U test was
used. Statistical significance was set at the 0 05
level of probability. Statistica (1984-94 Stat-
Soft, Inc) software was used for statistical anal-
ysis of data on a Macintosh microcomputer
(Apple Computer Inc).

Population studied
(Kirseberg inhabitants)

n = 809

Orthopaedic survey
(random selection)

n = 275

Participants in
orthopaedic survey
n = 230 (83.6%)

Participants in Kirseberg
health project and
orthopaedic survey
n = 163-group A

Participants in orthopaedic
survey only

n = 67 - group B

Figure 1 Study design.
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Table 1 Age, weight, and height ofparticipants in both studies (group A) and in the
orthopaedic study only (group B).

Group A Group B

Women
No 86 27
Age, mean (SD) 31-8 ( 7 0) 29-3 ( 7 5)
Weight, mean (SD) (kg) 65-2 (12-5) 64 3 (11-3)
Height, mean (SD) (cm) 167-2 ( 6-6) 166-1 ( 6 2)

Men
No 77 40
Age, mean (SD) 31-5 ( 7 3) 30-1 ( 6 8)
Weight, mean (SD) (kg) 76-5 (10-2) 78-2 (12-8)
Height, mean (SD) (cm) 180-4 ( 7-1) 179-6 ( 5 8)

Results
Men and women participating in the ortho-
paedic study only (group B) were younger than
those participating in both studies (group A)
but the difference was not statistically sig-
nificant. Furthermore, there was a sex differ-
ence between the two groups. No statistically
significant differences in height or weight be-
tween the groups were found (table 1).

BMD MEASUREMENTS
For those participating in the orthopaedic study
only (group B), the BMD was higher in the
hip for both men and women (5 0-7 6%) com-

pared with values in those participating in both
studies (group A). These differences were stat-
istically significant for men for the femoral neck
(p=00O17) and for the trochanter (p=0 020).
Similar, although smaller, differences were seen

at other sites measured, with the exception of
the distal forearm site in women (table 2).

MEASUREMENT OF MUSCLE STRENGTH

No significant difference in quadriceps muscle
strength could be found between the two

groups for either men or for women (table 3).

PHYSICAL ACTIVITY

Our questionnaire, which had a scoring system
for levels of physical activity, showed a trend.

Those who took part only in the orthopaedic
study (group B), had more physically de-
manding work than those who took part in
both studies (group A), but this trend was

not statistically significant at the 005 level of
probability (table 3). When studying the degree
ofphysical activity in leisure activities, the same
trend was also found, with a higher degree of
activity for group B.

Discussion
In this study of the effect of an increase in the
participation rate in sampling bone mass data,
we found a higher BMD at many sites for men
and women in those who were taking part only
in the study with the higher participation rate
(group B). Thus, this group of participants,
"lost" to the study with the lower participation
rate, were different. This brings us to the con-

clusion that the participation rate can influence
the outcome in a study of, as in this case,

"normative" bone mass data. This is important,
since there are studies in the field of bone
mineral research in which participation rates
are comparatively low or not mentioned.

Differences in BMD levels were most ob-
vious at the hip sites (5 0-7 6%), and were

significant for men in the neck and the tro-
chanter. This is maybe explained by differences
in levels of physical activity. Although, not
statistically significant in this sample size, and
perhaps difficult to detect in a questionnaire of
the type used here, there was a trend that
subjects who took part only in the orthopaedic
study (group B) were more physically active
than the others (group A). In a previous study
by the authors, (Diippe et al, in preparation)
we found that those who are more physically
active, at work as well as in their spare time,
tended to have a higher BMD than those who
were less physically active. This was most ob-
vious in men and was significant at the hip
sites. Therefore, a possible explanation for the
differences in BMD between the two groups

Table 2 Bone mineral density (BMD) at measured sites for participants in both studies (group A - participation rate
61-9%), and in the orthopaedic study only (group B - participation rate 83-6%).

Group A Group B p value BMD difference,
group A-B(%)

No Mean (SD) No Mean (SD)

Women
BMD, SPA (mg/cm2):

1 cm (mostly trabecular bone) 86 318 (59) 27 318 (50) 0-992 (0)
6 cm (mainly cortical bone) 85 538 (52) 27 524 (59) 0-238 (-2 7)

BMD, DEXA (mg/cm2):
Spine 86 1 17 (0 13) 27 1.19 (0 12) 0 614 (1.7)
Total body 86 1 15 (0 07) 27 1 17 (0 07) 0-207 (1.7)
Hip:
Femoral neck 85 1 00 (0-13) 27 1-05 (0-13) 0-085 (5-0)
Ward's triangle 85 0-94 (0-16) 27 1 00 (0-14) 0-083 (6 4)
Trochanter 85 0-83 (0-12) 27 0-88 (0-13) 0-057 (6 0)

Men
BMD, SPA (mg/cm2):

1 cm (mostly trabecular bone) 74 416 (61) 40 419 (60) 0-751 (0-7)
6cm (mainly cortical bone) 76 617 (56) 39 630 (68) 0-270 (2.1)

BMD, DEXA (mg/cm2):
Spine 76 1-13 (0-10) 40 1-15 (0-13) 0-326 (1.8)
Total body 76 1-19 (0-08) 40 1-22 (0-08) 0-086 (2 5)
Hip:
Femoral neck 76 1 01 (0-15) 40 1-07 (0-15) 0-017 (5 9)
Ward's triangle 76 0-92 (0-18) 40 0 99 (0-17) 0 055 (7-6)
Trochanter 76 0-89 (0 14) 40 0 95 (0-14) 0-020 (6 7)

SPA = Single photon absorptiometry; DEXA= dual x ray absorptiometry.
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Table 3 Quadriceps muscle strength (Biodex) and physical activity scores for both groups

Group A Group B

Women
Muscle strength:
No. 81 26
Peak torque, mean (SD) 144 (30) 140 (29) p=0O595
Total work, mean (SD) 721 (193) 736 (170) p =0-726

Physical activity:
No. 86 27
At work (score) mean (SD) (3-1) (3 2) p =0-098
During leisure (score) mean (SD) (4-5) (4-8) p=0 100

Men
Muscle strength:
No. 72 39
Peak torque, mean (SD) 229 (43) 232 (40) p=0 711
Total work, mean (SD) 1135 (260) 1103 (231) p=0-523

Physical activity:
No. 77 40
At work (score) mean (SD) (3-2) (3 5) p=0-115
During leisure (score) mean (SD) (5-0) (5-5) p=0-359

in the present study may be their different
degrees of physical activity.
Why were there differences in the par-

ticipation rates and why were those "lost" to
the study with the lower participation rate more
active? The differences in participation rate are

probably partly explained by the fact that two
cinema tickets were offered as an inducement
to those taking part in the study with the higher
participation rate. Another explanation for this,
and for the different levels of activity between
the groups, might be the design of the letter of
invitation. The invitations were similar in that
both were invitations to a type of health ex-

amination, but in the invitation to the group
with the higher participation rate it was also
stated that subjects were taking part in a re-

search project and would be informed about
their muscle strength and be given the op-
portunity to compare their results with other
participants and local athletes. It is probably
fair to assume that men and women aged 21-
42, like the participants in this study, are more

interested in being informed about their muscle
strength than, for example, their cholesterol
level, and this may partly explain differences
in participation rates. Furthermore, an in-
vitation to test muscle strength will probably
appeal more to the physically active, especially
men, who want to confirm that they are fit,
and this could explain differences in levels of
physical activity between the groups. There was
no statistically significant difference in muscle
strength between the two groups, but we have
seen in previous studies which we have under-
taken, that quadriceps muscle strength (meas-
ured by Biodex) does not seem to be a reliable
indicator of the level of physical activity at work
or at leisure.
The common finding from voluntary health

examinations of this type is that there is a
difference in participation rates between
different social groups. Studies have shown that
there is a lower rate in manual workers, subjects
living alone, immigrants, and those with a low
level of education.'7 9 This does not seem to

be the case, however, in the study by the De-
partment of Community Health Sciences
(group A), where a comparison was made be-
tween participants and non-participants with
regard to social class, level of education, and
economic status. No significant differences
were found.20 Thus, it is improbable that
differences between those participating in study
A and study B can be explained by differences
in socioeconomic factors.
A high degree of "compliance" is of import-

ance in order to get a reliable result when
conducting a clinical trial (H Duppe et al per-
sonal communication) such as a drug trial. The
same seems to be the case when conducting a
population based study in order to obtain bone
mass data, as in this study, emphasising the
importance of high participation rates when
sampling data in bone mineral research, a fact
that is perhaps not always acknowledged.
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