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Abstract
Objective-To evaluate the contribution to peak

bone mass of exercise, smoking, and calcium intake
in adolescents and young adults.
Design-Prospective cohort study with end point

measurement (bone mineral density) after 11 years'
follow up for lifestyle.
Setting-Five university hospital clinics.
Subjects-264 (153 females, 111 males) subjects

aged 9 to 18 years at the beginning of the follow up
and 20 to 29 years at the time of measurement of
bone mineral density.
Main outcome measure-Bone mineral density of

lumbar spine and femoral neck by dual energy x ray
absorptiometry; measures of physical activity and
smoking and estimates of calcium intake repeated
three times during follow up.
Results-In the groups with the lowest and highest

levels of exercise the femoral bone mineral densities
(adjusted for age and weight) were 0*918 and 0*988
g/cm2 for women (P=0.015, analysis of covariance)
and 0 943 and 1042 g/cm2 for men (P=0.005),
respectively; at the lumbar spine the respective
values were 1045 and 1-131 (P=0.005) for men. In
men the femoral bone mineral densities (adjusted for
age, weight, and exercise) were 1022 and 0-923
g/cm2 for the groups with the lowest and highest
values of smoking index (P=0.054, analysis of
covariance). In women the adjusted femoral bone
mineral density increased by 4*7% together with
increasing calcium intake (P=0-089, analysis of
covariance). In multiple regression analysis on bone
mineral density of the femoral neck, weight,
exercise, age, and smoking were independent
predictors for men; with weight, exercise, and age
for women. These predictors together explained
38% of the variance in bone mineral density in

women and 46% in men. At the lumbar spine, weight,
smoking, and exercise were predictors for men; and
only weight for women.
Conclusions-Regular exercise and not smoking

is important in achieving maximal peak bone mass
in adolescents and young adults.

Introduction
Peak bone mass in young adults is a major deter-

minant of bone mass later in life.' Thus even though
most osteoporotic fractures occur in elderly people, the
risk of osteoporosis may be profoundly affected by
events in early life. Genetic factors play a major part in
the determination of peak bone mass, accounting for
up to 80% of the variance,2 but 20% or more may be
due to environmental factors, including exercise,
smoking, and calcium intake.
The role of these lifestyle factors in adolescents and

young adults as determinants of peak bone mass has,
however, been examined in only a few studies,3"10 and
environmental factors during youth were estimated by
retrospective surveys,"7 an extremely crude method
of assessment. Furthermore, bone mineral content or
density was usually measured only at radial or
vertebral sites'4 6-8 and not at the femoral sites, which
are most important with regard to osteoporotic hip
fractures later in life. To date, the role of calcium
intake in achieving peak bone mass has been most
convincingly supported by prospective interventional
studies8 10 and that of exercise in a cross sectional study
of children aged 5-14.9 The effect of smoking has not
been studied in these age groups.
The cardiovascular risk in young Finns study was

originally designed to obtain information on risk
factors for coronary heart disease and their deter-
minants in childhood. The study began in 1980 with
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3596 male and female subjects, aged 3 to 18. For over

10 years information was collected on variables such as

diet, exercise, and smoking. In 1991 we measured bone
mineral density of the lumbar spine and the femoral
neck in 264 ofthese subjects, aged 20 to 29, and related
it to the prospectively collected data on their lifestyle.

Subjects and methods
CARDIOVASCULAR RISK IN YOUNG FINNS STUDY

In the cardiovascular risk in young Finns study
Finnish children and adolescents from different parts
of Finland with varying degrees of risk for coronary
heart disease were recruited. They came from different
socioeconomic backgrounds and living conditions.
Sampling took place in the five Finnish cities with
medical schools-namely, Helsinki, Kuopio, Oulu,
Tampere, and Turku-and in selected rural com-
munities in their vicinity by using the Social
Insurance Institution's population register of non-

institutionalised people born in 1962, 1965, 1968,
1971, 1974, and 1977 and living in the community in
question. The study was started in 1980 with 3596
participants, who were then aged from 3 to 18. Only
half the subjects had dietary interviews at the begin-
ning of the study. These interviews were repeated in
1986, when the participants were 9 to 24 years old.
Data on exercise and smoking were collected from all
participants in the years 1980 and 1986.

SUBJECTS IN BONE MINERAL DENSITY STUDY

From the original study we invited 671 subjects, all
at least 20 years old, to participate in the bone mineral
density study, which was accepted by the ethics
committee of Helsinki University Central Hospital;
345 (51%) agreed to participate. After exclusion of
eight subjects with diseases known to affect calcium
and bone metabolism and 73 with incomplete previous
data on exercise, and smoking, 264 participants were

finally accepted for the study, 1 1 1 men and 153
women. They represented four age cohorts in the
original study, born in the years 1962, 1965, 1968, and
1971, and were 29, 26, 23, and 20 at the time of the
measurement ofbone mineral density in 1991. In Oulu
and Tampere only the youngest age cohort was

studied. (For the number of subjects in each age cohort
see table I.)
Of the 407 subjects who either did not participate or

were excluded, 212 were men and 195 women. In 1986
they did not differ from the participants with regard to
weight, height, calcium intake, or smoking, but they
were physically less active (P=0 004, analysis of
variance) than those finally enrolled.

STUDY DESIGN

Each participant underwent measurement of bone
mineral density of the lumbar spine and hip and
described current calcium intake, exercise, and
smoking habits. Weight and height were recorded.

MEASUREMENT OF BONE MINERAL DENSITY

Bone mineral density was measured at the femoral
neck and from the second to the fourth lumbar
vertebrae by using dual energy x ray absorptiometry
(DEXA). A Hologic QDR-1000 (Hologic, Waltham,
United States) densitometer was used in Helsinki;
Lunar DPX (Lunar Radiation, Madison, Wisconsin)
equipment in Kuopio and Oulu; and Norland XR-26
densitometers (Norland, Fort Atkinson, Wisconsin) in
Turku and Tampere. The coefficient of variation for
precision of the bone mineral density measurements in
the lumbar vertebrae and femoral neck varied from
0 9% to 1 7% and from 11% to 2 5%, respectively, for
the densitometers used.
To combine bone mineral density values obtained

from different manufacturers' instruments, data
produced by Hologic and Lunar densitometers were
adjusted to Norland values by using the following
linear regression equations. For L2-L4: with Hologic
adjusted=0 984xoriginal+0 039 and with Lunar
adjusted= 1 027xoriginal-0- 136; for the femoral
neck: with Hologic adjusted=1 126xoriginal-0-066
and with Lunar adjusted=0 907xoriginal-0-004.
To produce these equations nine healthy women

with different bone mineral densities were measured
with densitometers of the three different brands."
Values produced by densitometers from the same
manufacturer (in Kuopio and Oulu from Lunar and in
Turku and Tampere from Norland) were practically
identical and their data were combined without any

correction.

ESTIMATION OF LIFESTYLE FACTORS

Physical activity was estimated by asking about
weekly frequency of physical activity exceeding 30
minutes per performance.'2 This same question was

asked in 1980, 1986, and 1991. In subsequent calcu-
lations having two or more weekly sessions was called 1

and less than two sessions was called 0. The sum

parameter of exercise-that is, the sum of the three
years' answers-ranging from 0 to 3, was calculated
for each subject for correlations with bone mineral
density.
Smoking behaviour was estimated in 1980, 1986,

and 1991. The answer "yes" to daily smoking was

called and the answer "no" 0. The sum of the three
answers was determined for each subject to be used in
subsequent calculations.

In 1980 and 1986 information on food consumption
was collected from a 48 hour recall interview in which
detailed information was obtained on the type and
amount of food eaten by the subject during the two
days before the interview. '4 Dietary calcium intake was
calculated by using special computer programs."' In
1991 a food frequency method was used for the same

purpose. The mean calcium intake for 1980, 1986, and
1991 was calculated. The use of calcium supplement
was negligible.

STATISTICAL ANALYSIS

Results are expressed as means (SD). Analysis of
variance was used to study comparability of the age
cohorts and to examine the significance of differences
in bone mineral densities between groups by age or sex.

To examine the relation between bone mineral density
and other variables, Pearson product moment corre-

lation coefficients and their significances were
calculated. In evaluating dependence of bone mineral
density on different lifestyle factors analysis of
covariance was used.

Covariates selected were those previously considered
strong confounding factors of bone mineral density
and which were also found to be significant deter-
minants of bone mineral density in the present study
(age and weight) or which were found to have a

significant association with bone mineral density in the
present study and which could theoretically confuse
results of calcium intake, smoking, and bone mineral
density (exercise). Furthermore, multiple linear step-
wise regression analysis was used to determine signifi-
cant predictors of bone mineral density. Because body
weight and scan area have an effect on the measured
bone mineral density and because different brands of
densitometers were used, body weight, scan area,
brand of densitometer, and interaction of brand with
body weight (brand x weight) and with scan area

(brand x area) were first entered into the multiple
regression model. This was done to adjust for their
effect on bone mineral density. The analysis was also
done without these forced variables. BMDP statistical
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TABLE i-Basic characteristics (mean (SD)) ofsubjects infour age cohorts

Body weight (kg) Height (cm) Mean calcium Smokingt Exerciset
in 1991 in 1991 intake* (mg/day) (score 0-3) (score 0-3)

Birth No of No of
year women men Women Men Women Men Women Men Women Men Women* Men§

1962 38 21 60 (9 7) 76 (10-4) 165 (6 0) 179 (6-1) 996 (262) 1444 (438) 1-03 (1-07) 0-85 (0-81) 1-33 (1-02) 1-52 (1-12)
1965 24 25 63 (8 6) 76 (10-4) 167 (5 6) 181 (5 7) 1083 (256) 1384 (344) 1-17 (0-76) 1-24 (1 09) 1-59 (0 90) 1-64 (1-07)
1968 34 23 59 (7 6) 75 (12-5) 166 (5 9) 179 (6 6) 1038 (340) 1441 (392) 0 91 (0-84) 1-18 (1 01) 1-97 (1 00) 1-87 (0-81)
1971 57 42 59 (8 9) 76 (10-5) 167 (5-1) 180 (5 8) 1049 (259) 1463 (488) 0-89 (0 76) 0 93 (0 79) 1-89 (0 95) 2-17 (0 80)

*Mean of intake in 1980, 1986, and 1991. tSum parameter based on interviews in 1980, 1986, and 1991 (see text). tP=0-025, §P=0-041 for differences between age cohorts, analysis ofvariance.

TABLE ii-Mean (SD) bone mineral density (g/cm2) at lumbar spine (L2-L4) and hip in four age cohorts. Data adjusted to Norland values (see
text)

L2-L4 Hip

P value P value
for difference for difference

Birth year Women Men between sexes Women* Ment between sexes

1962 1-050 (0-137) 1-098 (0-128) 0.19 0-885 (0-122) 0 930 (0 110) 0-16
1965 1-063 (0 117) 1-099 (0 117) 0-28 0-918 (0-128) 0.994 (0-139) 0 05
1968 1-053(0 111) 1-100(0-131) 0-15 0937(0-123) 1-030(0-162) 0-02
1971 1-049 (0 100) 1-108 (0-151) 0-02 0-939 (0-103) 1-077 (0-152) 0 00

*P=0- 132, tP=0-002 for differences between age cohorts, analysis of variance.

TABLE III-Mean (SD) bone mineral density (g/cm2) at lumbar spine and hip at various levels of sum
parameter ofexercise (see text). Both non-adjusted and adjusted (for age and weight) values are given

Sum parameter of exercise (score)

Site of 0 1 2 3
measurement (18 women, 10 men) (41 women, 29 men) (47 women, 37 men) (39 women, 34 men)

Non-adjusted L2-L4:
Women 1-050 (0-134) 1-028 (0100) 1-056 (0-114) 1-058 (0-103)
Ment 1-071(0-102) 1-058 (0-144) 1-088 (0-111) 1-162 (0-140)

Non-adjusted hip:
Woment 0-866 (0 087) 0-886 (0 111) 0 933 (0-123) 0-962 (0 108)
MentlI 0-925 (0-105) 0-984 (0-152) 1-007 (0121) 1-097 (0-166)

Adjusted L2-IA:
Women 1 082 (0-107) 1-054 (0-106) 1-079 (0-106) 1-079 (0-107)
Menlj 1-045 (0-132) 1-022 (0-124) 1-054 (0-124) 1-131 (0-125)

Adjusted hip:
Women§ 0-918 (0 101) 0-924 (0 100) 0-966 (0 100) 0-988 (0 100)
Menll 0 943 (0-137) 0 930 (0-128) 0-951 (0-129) 1-042 (0-130)

*P=0 010, tP=0 004, tP=0 001, analysis ofvariance, §P=0-015, IIP=0-005, analysis of covariance.

software in a VAX/VMS minicomputer was used in the
analyses.

Results
BASIC CHARACTERISTICS

No significant differences between the age cohorts in
weight and height existed in 1991. Mean calcium
intake was also similar, varying from 996 mg to 1083
mg daily for women and from 1384 mg to 1463 mg for
men. On the basis of the sum parameter daily smoking
was equally common in the four age cohorts and for
both sexes. The two youngest age groups of women
(P=0-025, analysis of variance) and men (P=0-041,
analysis of variance) took the most exercise (table I).

DEPENDENCE OF BONE MINERAL DENSITY ON AGE AND
WEIGHT

Bone mineral density at the lumbar spine did not
change with age, but for both sexes bone mineral
density at the femoral neck was higher the younger the
age cohort (men P=0-002, women P=0 132, analysis
ofvariance; table II).
Dependence of hip bone mineral density on weight

was found in all the age cohorts and for both sexes
(r values for all women 0 43, P<Q0O1, for all men
0-32, P<0001). At the lumbar spine the relation
between bone mineral density and weight was less
evident in individual age cohorts, but after combin-
ation of all the data for both sexes it was significant
(r=0-29, P<0O001 for women; r-0-27, P<001 for
men). When the rough data presented in table II were
corrected for body weight (analysis of covariance) the
inverse correlation between age and bone mineral

density of the hip was significant for both sexes
(r=0-24, P=0-002 for women; r=0-37, P<0001 for
men).

DEPENDENCE OF BONE MINERAL DENSITY ON EXERCISE

At the hip, bone mineral density adjusted for weight
(analysis of covariance) correlated positively with the
sum parameter of exercise in the four age cohorts for
both sexes and at the lumbar spine in men. When all
the age groups were combined significant relations
were found at the hip for women (r=0-30, 95%
confidence interval 0d15 to 0 44, P<0 001) and men
(r=036, 0 19 to 051, P<0001). At the lumbar spine
the respective correlation coefficient for men was 0-29
(0 I to0-45,P<001).
When the subjects were divided into four groups in

which the sum parameter value varied from 0 to 3, age
and weight adjusted bone mineral density at the hip
was higher the greater the activity index (analysis of
covariance; P=0-015 for women; P=0 005 for men;
table III). At the lumbar spine the same was true for
men (P=0 005). In the groups with the lowest and
highest index values the femoral bone mineral densities
(adjusted for age and weight) were 0-918 (SD 0101)
and 0-988 (0 100) g/cm2 for women (percentage
difference 7-6%) and 0 943 (0-137) and 1-042 (0 130)
g/cm2 for men (percentage difference 10-5%), respec-
tively; at the lumbar spine the respective values were
1-045 (0-132) and 1-131 (0d125) g/cm2 (percentage
difference 8-2%) for men.

DEPENDENCE OF BONE MINERAL DENSITY ON SMOKING

Men in all four age cohorts showed inverse corre-
lations between bone mineral density adjusted for
weight and the sum parameter of smoking at the
lumbar spine and the hip. Correlation coefficients
ranged from -0-18 to -0A46 at the lumbar spine and
from -0 10 to -0-63 at the femoral neck. For all men
combined, the respective r values were -0 27 (-0A44
to -0-09, P<0-01) and -0-28 (-044 to -0 10,
P< 01). Smoking and exercise were, however,
slightly intercorrelated in men (r=0 19, P=0-056).
We found no consistent association between bone
mineral density and smoking in women.
When the men were divided into four groups with

various levels of the sum parameter of smoking there
was a trend to lower bone mineral density values
(adjusted for age, weight, and exercise) at the higher
levels of the smoking index (table IV). At the femoral
neck this nearly reached significance (P=0 054,
analysis of covariance), the bone mineral densities
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(adjusted for age, weight, and exercise) being 1 022
(0 127) and 0-923 (0 128) g/cm' (percentage difference
-9-7%) for the groups with the lowest and highest
smoking indices.

DEPENDENCE OF BONE MINERAL DENSITY ON CALCIUM

INTAKE

There was no consistent association between mean
calcium intake and weight adjusted bone mineral
density at the lumbar spine. At the femoral neck all
correlations in the four age cohorts were positive in
women. When the data for all women were combined
the relation between mean calcium intake and bone
mineral density for adjusted weight was significant
(r=0- 17, 0 01 to 0-32, P<0-05). Femoral bone mineral
density (adjusted for age, weight, and exercise)
increased from 0 919 (0 098) g/cm' in the group
consuming less than 800 mg of calcium daily to 0-962
(0.099) g/cm2 in those consuming 800-1200 mg
(percentage difference 4 7%) but rose no further
at higher intakes (P=0-089, analysis of covariance;
table V). When the women were divided into two
groups instead of three the femoral bone mineral
densities for those with mean daily intake less or more
than 800 mg were 0 919 (0 098) and 0-964 (0 098)
g/cm2 (P=0-028, analysis of covariance).

STEPWISE MULTIPLE LINEAR REGRESSION ANALYSIS

Relative importance of the predictor variables (age,
weight, exercise, smoking, and calcium intake) to bone
mineral status at each site was determined by stepwise
multiple linear regression analysis. Body weight,
brand of densitometer, scan area, and interaction

TABLE IV-Mean (SD) bone mineral density (g/cm2) at lumbar spine and hip at various levels of smoking
index (see text). Both non-adjusted and adjusted (for age, weight, and exercise) values are given

Smoking index

Site of 0 1 2 3
measurement (47 women, 64 men) (67 women, 45 men) (25 women, 20 men) (9 women, 9 men)

Non-adjusted L2-L4:
Women 1-045 (0-130) 1-069 (0-111) 1-026 (0-102) 1-054 (0-097)
Men* 1-138 (0-121) 1-107 (0-133) 1-055 (0-155) 1-032 (0 099)

Non-adjusted hip:
Women 0-912 (0-114) 0 939 (0-117) 0-902 (0-104) 0 907 (0-159)
Ment 1-061(0-156) 1-032 (0-131) 0-976 (0-170) 0 919 (0-143)

Adjusted L2-L4:
Women 1-077 (0-107) 1-082 (0-108) 1-059 (0 109) 1-047 (0 109)
Men 1-108 (0-124) 1-060 (0-123) 1-034 (0-124) 1-029 (0-125)

Adjusted hip:
Women 0-956 (0 100) 0-958 (0 101) 0 959 (0-102) 0-914 (0-102)
Ment 1-022 (0-127) 0-963 (0-126) 0 940 (0-126) 0-923 (0-128)

*P=0.057, tP=0-036, analysis ofvariance, tP=0 054, analysis of covariance.

TABLE v-Mean (SD) bone mineral density (g/cm2) at hip adjusted for age, weight, and exercise with
various mean daily calcium intakes

Daily calcium intake (mg)

Sex <800 800-1200 > 1200

Women* 0 919 (0 098) n=30 0-962 (0 099) n=65 0-966 (0 098) n=41
Men 0-963 (0-132) n=5 0-970 (0-133) n=27 0-976 (0-131) n=71

*P=0-089, analysis ofcovariance.

TABLE vI-Stepwise regression analysis on bone mineral density at
lumbar spine and hip. Body weight, brand of densitometer, scan area,
and interaction of densitometer brand with body weight (brand x
weight) and with scan area (brand x area) werefirstforced into model
(primary steps)

L2-L4 Hip

Detail Step r rZ Step r r'

Women
Primary steps 0-62 0 39 0 50 0-25
Step 1 Exercise 0 59 0 35
Step 2 Age 0-62 0-38

Men
Primary steps 0-66 0-44 0-49 0-24
Step 1 Smoking 0 70 0 49 Exercise 0-62 0-38
Step 2 Exercise 0-72 0-51 Age 0-66 0 43
Step 3 Smoking 0-68 0-46

of densitometer brand with body weight (brand x
weight) and with scan area (brand x area) were first
forced into the model. For bone mineral density at the
femoral neck, weight, exercise, age, and smoking were
independent predictors for men, whereas weight,
exercise, and age were for women (table VI). These
predictors together explained 38% of the variance in
bone mineral density in women and 46% in men (table
VI). At the lumbar spine, weight, smoking, and
exercise were predictors for men, explaining 51% of
the variance, but only weight for women. Calcium
intake was an independent predictor of femoral bone
mineral density in women only when the analysis
was performed without the above mentioned forced
variables.

Discussion
In this study of the lifestyle of 264 young adults

exercise as measured over the past 10 years emerged as
the most important determinant of bone mineral
density. It significantly contributed to bone mineral
density of the femoral neck in both sexes and to that of
lumbar bone in men. Smoking as measured over the
same period had a negative effect in men, and calcium
intake beneficially affected bone mineral density of the
femoral neck in women.

In contrast with many previous retrospective
studies3 -7 the value of the present investigation rests
on its prospective structure; data on lifestyle of the
participants were collected over 10 years before any
measurements of bone mineral density. The fact that
the original study was planned for other purposes
resulted, however, in some weaknesses in our investi-
gation. The questions regarding exercise and smoking
were qualitative rather than quantitative so it was not
possible to draw any conclusions about the quality or
frequency of physical activity most beneficial for bone
and about the number of cigarettes daily which prove
deleterious. The quite low participation rate of 51% is
explained by the long duration of the original study
and by the fact that when grown up several subjects
had changed their place of residence. As the non-
participants were less active than the participants with
a higher participation rate the relation between bone
mineral density and exercise may have been even
stronger than found.

PEAK BONE MASS

We chose for measurements of bone mineral density
subjects who in 1991 were 20 to 29 years old since we
deemed them to best represent peak bone mass. The
generally accepted notion, based on cross sectional
data, has been that in both men and women bone mass
continues to accumulate substantially at all skeletal
sites until the fourth decade.'5 In adolescent and
adult women, however, bone mineral density of the
trabecular vertebrae measured by quantitative com-
puted tomography reached its peak near the end of the
second decade, at the time of cessation of longitudinal
growth.'6 In another study peak bone mass was
achieved for the lumbar spine and femoral neck in
women as early as 14 to 15 years and in men at 17 to
18.17 In fact femoral neck bone mineral density at age
17 to 18 was 105% and 107% of the mean values
recorded in 20 to 35 year old women and men.'7 This
accords well with our finding on the declining femoral
neck bone mineral density from age 20 to 29.

Like us, Bonjour et al did not find any age
dependence in either sex for lumbar spine bone
mineral density from 18 to 35 years of age.'7 Recently,
however, Recker et al pointed out in a longitudinal
prospective study of 156 healthy college aged women
that gain in bone mass occurs during the third decade
of life; this was true for the forearm and the lumbar
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spine as well as for the total body bone mass.'8
Differences between these studies in timing of peak
bone mass may well be due to the lifestyle factors that
we studied and perhaps due to some others-for
example, alcohol consumption.

LIFESTYLE FACTORS AND PEAK BONE MASS

After adjustment of bone mineral density values for
weight and age, regular exercise (two or more 30
minute sessions weekly) still seemed to be an important
determinant of peak bone mass in the femoral neck for
both sexes and in the lumbar spine for men. Bone
mineral density correlated highly significantly with the
index of physical activity, the highest values being
clustered in the top groups for physical activity; and in
stepwise regression analysis exercise also emerged as an
independent predictor ofbone mass.
These findings are in keeping with those in the study

by Slemenda et al of 118 children aged 5-14 who
showed consistent, positive associations between bone
mineral density in the radius, spine, and hip and most
physical activities.9 As in our study the relation was
weaker for the lumbar spine than for the femoral neck.9
In a study of 84 children and adolescents aged 6 to 19
years significantly higher femoral neck bone mineral
densities were found in subjects who were physically
active.'9
Smoking had a deleterious effect in men with inverse

correlations between smoking and bone mineral
density and clustering of the lowest bone mineral
densities in groups of subjects with the highest scores
on the smoking index. Although smoking and exercise
were inversely correlated, smoking was an inde-
pendent predictor of bone mass in men. Similar results
were not seen in women, probably because our
smoking index did not take into account the number of
cigarettes smoked daily; women achieved high index
values despite less smoking than men. Previous studies
of the effect of smoking in respective age groups are not
available.
Calcium intake contributed only modestly to

femoral neck bone mineral density in our women and
its significance disappeared after adjustments for scan
area and brand of densitometer. That no effect was
observed for men was possibly because of their high
mean calcium intake of 1400 mg daily. This apparently
exceeded the intake threshold-that is, the calcium
intake below which skeletal accumulation of calcium
varies with intake and above which it remains
constant.20 In women femoral neck bone mineral
density seemed to stop increasing when mean calcium
intake exceeded 1200 mg daily. Originating from
adolescent and young adult women, this finding
supports the recent revision of recommended dietary
allowances for the United States, in which recom-
mended intake of 1200 mg for adolescents was
extended up to age 24.21
Most convincingly the role of calcium intake as a

determinant ofpeak bone mass has been pointed out by
interventional studies. Among 22 pairs of prepubertal
identical twins a rise in mean calcium intake from 900
mg to 1600 mg augmented increases in bone mineral
density at radial sites, in the lumbar spine, and also at
two of three femoral sites measured.'0 Furthermore,
Matkovic et al reported a positive trend in bone growth
at radial sites and in the lumbar spine by calcium
supplementation in pubertal girls.8
When we combined the age cohorts the correlation

coefficients between separate lifestyle factors and bone
mineral density reached values up to 0-36, which may
seem quite low. Given errors in estimation of lifestyle
factors, especially of calcium intake,22 and the fact that
up to 80% of the variation in bone mineral density may
be explained by genetic factors,2 such r values are at
least as high as expected. It has been estimated that if

Clinical implications

* Peak bone mass in young adults is a major
determinant of bone mass later in life and
consequently also a determinant of risk of osteo-
porosis
* Both genetic and environmental factors
determine peak bone mass
* Bone mineral density at the femoral neck was
7-6% to 10-5% higher in subjects with most
regular exercise compared with those with least
exercise
* In men regular smoking reduced femoral
neck bone mineral density by 9 7% as compared
with non-smokers
* In women consumption of calcium 800-1200
mg daily increased bone mineral density at the
femoral neck by 4 7% compared with those who
consumed less

both bone mineral density and calcium intake have
been determined precisely, calcium intake would
exhibit a population level value for r of only 0-224.23
Compatible with strong genetic influence,2 after
primary steps in multiple regression analysis lifestyle
factors added r2 values with a percentage of 7-22. All
possible factors, including weight and age, explained
up to 51% of the variation in bone mineral density.
Our results suggest that getting regular exercise,

avoiding smoking, and optimising calcium intake are
all important in the acquisition ofmaximum peak bone
mass. The advantage gained may persist throughout
adult life.

This study was supported by a grant from the Academy of
Finland, Helsinki.

Appendix
The following people and study centres participated in the

cardiovascular risk in young Finns study.
Principal investigators: Hans K Akerblom, Children's

Hospital, II department of paediatrics, University of
Helsinki; Matti Uhari, department of paediatrics, University
of Oulu; Jorma Viikari, department of medicine, University
ofTurku.

Local investigators: Matti Dahl, department of paediatrics,
University of Turku; Erkki Pesonen, first department of
paediatrics, University of Helsinki; Matti Pietikainen,
department of paediatrics, University of Kuopio; Matti Salo,
department of paediatrics, University ofTampere.
Other special investigators: Arpo Aromaa, Social Insurance

Institution, Helsinki; Lasse Kannas, department of health
sciences, University of Jyvaskyla; Liisa Keltikangas-
Jarvinen, department of psychology, University of Helsinki;
Vesa Kuusela, Statistical Central Bureau, Helsinki; Kalevi
Py6rala, department of medicine, University of Kuopio;
Tapani R6nnemaa, department of medicine, University of
Turku; Leena Rasanen, department of applied chemistry and
microbiology, Division of Nutrition, University of Helsinki;
Seppo Sarna, department of public health, University of
Helsinki; Asko Seppanen, Rehabilitation Research Centre of
the Social Insurance Institution, Turku; and Risto Telama,
department of physical education, University of Jyvaskyla,
Finland.
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Reliability ofultrasonography in identification ofreflux nephropathy
in children

Eira Stokland, Mikael Hellstrom, Sverker Hansson, UlfJodal, Anders Oden, Bo Jacobsson

Abstract
Objective-To assess the ability of ultrasono-

graphy to identify reflux nephropathy in children
after urinary tract infection.
Design-Ten experienced radiologists performed

a total of 240 ultrasonographic examinations of
kidneys in a one day study. The examiners were
unaware of the results of previous radiological and
clinical examinations and of the proportions of
normal and abnormal kidneys. Urography was used
as method of reference, supported by static renal
scintigraphy (dimercaptosuccinic acid labelled with
technetium-99m) in halfofthe cases.
Setting-Outpatient radiology department.
Subjects-25 children aged 2-16 years (20 kidneys

with and 30 kidneys without renal scarring).
Main outcome measures-Renal scarring. Overall

size and length ofkidneys. Sensitivity and specificity
including receiver operator characteristics and
variation between observers.
Results-With renal scarring as the diagnostic

criterion and including cases classified as abnormal,
probably abnormal, and uncertain the sensitivity of
ultrasonography was 54% (specificity 80%'/6). Addition
of reduced renal size as a diagnostic criterion
increased the sensitivity to 640/ (specificity 791/o).
There were, however, wide variations between
observers, with sensitivity ranging between 40%1/o and
90% (specificity 940/o to 65%).
Conclusions-Because of its low sensitivity and

specificity and poor agreement between observers,
ultrasonography cannot be generally recommended
for the detection ofreflux nephropathy after urinary
tract infection in children.

Introduction
Urinary tract infection is one of the most common

bacterial infections in children. At 7 years of age 135
(7-90/o) of 1719 girls and 31 (1-7%) of 1834 boys had
had symptomatic urinary tract infection, verified by
bacterial culture.' As a consequence of renal infection
in childhood 10-20% of children develop scarring or
reflux nephropathy,2 which is the term often used for
the permanent renal damage associated with infection.

Once renal scarring has developed and is recognised
several diagnostic and preventive measures need to be
instituted. As scarring is commonly associated with
reflux additional radiological studies are indicated to
detect reflux, which may require an operation or
treatment with long term prophylactic antibiotics.
Scarring also indicates follow up renal imaging
studies to detect progression. Recurrent attacks
of pyelonephritis require early treatment to avoid
progressive or new renal scarring. Furthermore,
patients with scarring will need long term follow up of
blood pressure and renal function3 as well as increased
attention during pregnancy to detect toxaemia.
There are various patterns of reflux nephropathy,

including classical focal scars and generalised decrease
of renal size or growth retardation.4 For the detection
of reflux nephropathy urography has traditionally been
used. Recently static renal scintigraphy (dimercapto-
succinic acid labelled with technetium-99m) has also
been used to identify changes in acute pyelonephritis5 6
and permanent renal scarring.7-9
Ultrasonography is commonly used in the primary

investigation of children with urinary tract infection
because of its ability to detect major malformations and
dilatation of the urinary tract''"" and because of its
widespread availability, relatively low cost, and absence
of side effects. There is, however, disagreement about
its usefulness in detecting reflux nephropathy. Some
authors consider ultrasonography sufficient,"' and
a recently published textbook states that ultrasono-
graphy can be used to recognise easily the patterns of
reflux nephropathy.'6 Other authors find it necessary to
add urography or renal scintigraphy.9 17 '8
Ultrasonography differs from other radiological

techniques in that interpretation is done "live"-that
is, the diagnosis is based on the examiner's impressions
on the monitor while the patient is examined. Although
film documentation is usually done by the examiner,
this is of limited or no diagnostic value to others, and
second opinions on ultrasonography films are of little
help in most cases. The outcome is thus strongly
related to the skill of the examiner, which must
be considered in the evaluation of the efficacy of
ultrasonography in a clinical test.
Although the shortcomings of ultrasonography in
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