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Abstract. Understanding factors associated with more 
rapid bone mineral loss among aging women is import- 
ant for establishing preventive strategies for inter- 
vention. This study reports factors associated with the 
5-year change in radial bone mineral density (BMD) 
determined prospectively in 435 women aged 55-80 
years at baseline. The baseline stUdy included measure- 

2 ment of radial BMD (gm/cm) by'single photon densito- 
metry and personal interview. The baseline protocol 
was replicated 5 years later in a follow-up study. Women 
with a lower baseline weight or Quetelet index, smaller 
triceps skinfold and less arm muscle area had signific- 
antly greater 5-year bone loss (p = 0.001). Current users 
of estrogens had less radial bone loss (2.8% vs 7.3%, p 
= 0.0005) than women not currently using estrogens. 
Current users of estrogen had significantly less 5-year 
loss ff use had been for 5 years or longer ( -1 .0% vs 
-6 .9%,  p -- 0.05). Current users of the thiazide class of 
medications had less 5-year radial bone loss (5.0% vs 
7.4%, p = 0.0035) than women without current thiazide 
use. Baseline dietary calcium, alcohol consumption and 
smoking were not associated with BMD change. This 
suggests that greater body size, and current use of 
estrogens or thiazide antihypertensives are associated 
with less radial bone mass toss in a 5-year period among 
postmenopausal women. 
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Introduction 

Because of the social, health and economic impact of 
fractures, loss of bone mass and osteoporosis are 
important. The lifetime risk of hip fracture is estimated 
to be 15% in women and 5% in men; this is equivalent to 
the lifetime risk of developing breast, uterine and 
ovarian cancer in women and prostate cancer in men. 
The cost of health care associated with fractures was 
estimated to be $6.1 billion in 1984 [1,2] and has been 
projected to be more than $100 billion by the year 2020 
[3], driven, in part, by the increasing proportion of 
elderly persons in society. 

The magnitude of bone loss is important in under- 
standing the process that may ultimately lead to frac- 
ture. There have been few prospective studies of bone 
mineral density (BMD) which characterized bone loss 
with aging using contemporary, precise bone measure- 
ment methodology [4-9] and which considered multiple 
risk factors for rate of bone loss simultaneously. We 
have recently reported that the average 5-year radial 
bone mineral loss was 6% among women aged 55-80 
years at baseline [9]. Understanding factors associated 
with more rapid bone mineral loss among aging women 
is important for establishing preventive strategies for 
intervention. 

This report describes those factors associated with 5- 
year change in radial BMD determined prospectively in 
women who were aged 60-85 years at follow-up 
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Table 1. Baseline characteristics (mean _+ SEM) of follow-up participants and nonrespondents in three communities 
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Participated Moved Died Refused p value 

n 435 26 33 29 
Radial BMD (g/cm 2) 0.62+0.005 0 . 6 1 2 + 0 . 0 2 0  0 . 5 8 7 + 0 . 0 1 8  0.578+0.019 0.0561 
Age (yr) 66.9+0.3 68.1+_1.4 69.6+1.2 69.5+_1.3 0.0404 
Height (cm) 159.1+_0.3 160.2+_1.1 159.9_+0.9 158.0+_1.1 0.4392 
Weight (kg) 70.4+_0.7 68.2+_2.7 69.0_+2.4 69.2+-2.6 0.7815 
Quetelet index (kg/m 2) 27.8+-0.3 26.6+1.0 27.0+-0.9 27.7+-1.0 0.5906 
Muscle area (cm 2) 54.1+0.8 55.1+-3.1 52.3+-2.8 57.2+-3.0 0.6682 
Skinfold thickness (mm) 18.7+0.2 17.7+-0.9 17.6+_0.8 17.0+_0.8 0.1267 
Age at menopause (yr) 47.4+0.3 47.9_+1.2 48.1_+1.1 46.4+1.1 0.7148 

measurement.  This study is an extension of our earlier 
work and includes data from an additional 164 women, 
making a total study group of 435 elderly women. 

M e t h o d s  

The study population included women living in three 
demographically similar rural communities in northwest 
Iowa. State-specific census data from 1970 and 1980 
indicated that the communities were similar with 
respect to population size, age distribution, proportion 
of foreign-born subjects, mean income and occupatio- 
nal categories. The population of each community was 
less than 2000 persons. The municipal drinking water 
supplies in the three communities had divergent calcium 
and fluoride content. The drinking water in one 
community had an elemental calcium concentration of 
15 +_ 3 rag/1 and a naturally occurring fluoride concentra- 
tion of 4 + 0 . 1  mg/1; drinking water in the second 
community averaged 375 + 8 mg/1 elemental calcium 
and was fluoridated to a level of i rag/l; drinking water 
in the third community had an average elemental 
calcium content of 67 _+ 4 rag/1 and was fluoridated to a 
level of 1 mg/1, as determined by the state public health 
laboratory. 

Women were eligible for the baseline study if they 
had lived in their respective communities for the 5 years 
prior to the survey. All participants were ambulatory 
and had not experienced wrist or forearm fractures in 
the 2 years prior to baseline radial BMD assessment. All 
participants were aged 55-80 years at the baseline 
measurement,  postmenopausal,  and of northern Euro- 
pean origin, as has been described [10]. Baseline infor- 
mation was gathered in the communities from May to 
August 1983 or from May to August 1984. Each woman 
was re-examined exactly 5 years after her initial mea- 
surement. To simplify presentation, all data collected in 
1983 or 1984 will be labeled 'baseline' while data 
collected in 1988 or 1989 will be labeled 'follow-up'. 

Selected characteristics for women who participated 
in both the baseline and follow-up studies (n = 435) 
were compared with the characteristics of those women 
who participated only in the baseline study because they 
had moved from their communities (n = 26), died (n = 
33) or refused participation at follow-up (n = 29). The 

characteristics are summarized in Table 1. Participants 
in the follow-up study had greater radial BMD,  were 
younger,  and had been menopausal for a shorter time 
(p = 0.05). 

Bone Mass and Physical Measurements 

Radial bone mass was measured, at both time points, 
using a Norland 278 pho ton  absorpiometer  (Norland, 

r25 Madison, WI) with a I source. Bone mass, exl~ressed 
as the bone mineral to bone width ratio (g/cm0, was 
measured distally at a site one-third the distance 
between the styloid process and the olecranon, a site 
which is at least 95% cortical bone. The same pro- 
cedures and instrumentation were used at both baseline 
and follow-up examinations. A single observer mea- 
sured bone mass of all persons at baseline while a 
different single observer measured bone mass at follow- 
up. Bone mass loss was calculated on an individual basis 
not on a summary basis across the entire group of 
women. 

At  each time point, one trained observer measured 
each participant for height, weight, triceps skinfold 
thickness and mid-arm circumference according to stan- 
dardized procedures. Subjects were weighed in light 
clothing without shoes to the nearest 0.1 kg using an 
electronic scale; height was measured to the nearest 0.1 
cm using an anthropometric plane and scale. Triceps 
skinfold thickness was measured with Lange calipers 
and recorded in millimeters using the mean of three 
consecutive readings; mid-arm circumference was mea- 
sured to the nearest 0.1 cm and used with triceps 
skinfold to estimate muscle area. Quetelet  index was 
calculated as weight/height 2 in kilograms and meters, 
respectively. 

Nutrient Intake Assessment 

At baseline, each par t idpant  responded to a food 
frequency instrument to characterize intake of foods 
high in calcium and vitamin D; they also recalled their 
intake of food over the preceding 24 h. Interviewers 
were trained in techniques to elicit recall of food and 
beverage intake, including the use of color photographs 
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to enhance the recall of portion sizes. To promote 
accuracy, food and beverage intakes from each recall 
and the food frequency were independently coded 
twice. The correlation between calcium intake at base- 
line estimated by the two methods was 0.56. 

Nutrient values were assigned to coded foods and 
beverages using the US Department of Agriculture 
(USDA) Food Composition Tape #456. This computer 
tape provides 20 nutrient values, including calcium, for 
more than 2600 foods. It does not include values for 
vitamin D, so a supplemental computer program was 
developed to assign vitamin D values to foods and 
beverages. These values were based on information 
from the food composition tables published in McCance 
and Widdowson's Composition of Foods [11] or on 
other information sources about fortified products such 
as milk and dry cereals. Nutrient values for the food 
frequency were based on the algorithms from the NCI 
food frequency [12]. 

The interviewer gathered information about nutri- 
tional supplements by observing the labels of currently 
used preparations and asking the participant to recall 
the number, frequency and individual duration of use of 
the preparations. These estimates of supplements were 
added to nutrient intake from food and water to 
calculate total intake. 

Reproduction, Climacteric and Medical History 

Interviews at baseline and follow-up included questions 
about estrogen replacement therapy (including time 
intervals of use) and surgical menopause. Detailed 
medication use histories were taken at both points in 
time. We compared responses to questions about ever 
use of per±menopausal estrogen (Premarin, Wyeth) and 
the duration of that use as reported at both baseline and 
follow-up interviews. Data analysis describing a role for 
estrogen was limited to those women who were consist- 
ent in their report of estrogen use and whose reported 
duration of use was congruent (+ 1 year). 

Procedures followed were approved by the Universi- 
ties of Michigan and Iowa Committees on Human 
Experimentation and Radiation Protection Subcommit- 
tees. 

Data Analysis 

Chi-squared tests of homogeneity were used to ascer- 
tain whether women who did not participate in the 
follow-up were different in terms of marital status, self- 
perception of health, education, parity and medication 
use compared with women who did participate. 
Students' t-test and analysis of variance were used to test 
whether baseline measures of age, body size, age of 
menopause and BMD were comparable between re- 
spondents and non-respondents in the re-examination. 

All continuous variables were evaluated for normalcy 
of distribution; those variables identified as not having a 
normal distribution (such as nutrient intake) were either 
logarithm transformed or changed into categorical vari- 
ables (such as alcohol intake). Continuous radial BMD 
variables were: radial BMD (1983), radial BMD (1988), 
and 5-year BMD change expressed as the difference 
between measured BMD in 1983 and 1988 (g/cm 2) and 
the percentage change in 5 years. 

Univariate summaries were produced for continuous 
BMD variables, overall and according to community. F- 
test values from multiple variable linear regression and 
logistic regression analyses were used to test for a 
difference in bone and physical measurements accord- 
ing to community status. Because a community differ- 
ence in BMD was identified, all subsequent analyses 
included adjustment for community. Multiple variable 
regression and multiple response conditional logistic 
regression analyses were used to assess relationships 
between 5-year BMD change and baseline BMD value, 
body size measures, medication use and nutrient intake, 
after adjusting for age [13, 14]. 

Results 

The mean radial BMD at baseline and follow-up, as well 
as the difference (both absolute and percentage) 
between baseline and follow-up measures, are shown in 
Table 2. There is remarkable consistency in associations 
between the risk factors and the two measures of 5-year 
bone mineral, the absolute change or percentage 
change; therefore, risk factor associations in this paper 
will be related to percentage loss for ease of present- 
ation. 

Baseline radial BMD was highly associated (r 2 = 

Table 2. Radial bone mineral density (mean+-SD) measured at baseline and follow-up, with percentage change and BMD difference (g/cm 2) in 5 
years among 435 postmenopausal women 

Age group at n Baseline BMD (g/cm 2) Follow-up BMD (g/cm 2) % BMD BMD difference 
baseline )yr) change in 5 years in 5 years 

55-80 435 0.620±0.099 0.577__+0.102 -6 .9±0.7  -0.043±0.042 

55-59 85 0.677__+0.082 0,629__+0.076 -7.9__+0.6 -0,048±0.044 
60-64 85 0.654_+0.087 0.604+0.096 -7.8+__0.6 -0.050__+0.038 
65-69 97 0.621±0.096 0.580-+0.098 -6.5+_0.7 -0.041-+0.041 
70-74 84 0.590+__0.098 0.553-+0.105 -6.4__+0.7 -0.037_+0.040 
75-80 84 0.560__+0.090 0.520±0.098 -7.1_+0.8 -0.039 ±0,047 
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0.86, p < 0.0001) with radial BMD observed at follow- 
up, after adjusting for age and community of residence. 
However, there was no important relationship between 
baseline BMD and percentage BMD change (p = 0.30), 
suggesting that lower BMD was not a risk factor for 
more rapid bone loss in a 5-year period among women 
of this age group. We explored the possibility of a 
quadratic relationship between baseline radial BMD 
and percentage 5-year radial bone loss, and found no 
evidence of non-linearity when age or baseline radial 
BMD were evaluated using quadratic terms. 

Several measures of body size were evaluated as 
possible risk factors for increased rate of radical bone 
loss (Fig. 1). Women with a lower baseline weight or 
Quetelet index, smaller triceps skinfold and less 
humeral muscle area were significantly more likely to 
experience a greater percentage bone loss either with or 
without adjustment for community (p = 0.001). Thus, a 
60-year-old woman who weighed 65 kg could be 
expected to lose an additional 1.0% or 0.005 g/cm 2 more 
radial bone in a 5-year period than another woman of 
the same age who weighed 73 kg. 

Ever use and duration of estrogen use were evaluated 
for possible impact on 5-year rate of radial bone loss. 
This analysis was undertaken among the 86% of women 
who were consistent reporters (i.e. consistent reports of 
whether or not they had ever used estrogens and the 
dates of use at baseline and follow-up). The consistently 
reporting group included current users at the time of 
follow-up investigation (n = 24), previous users (n = 71) 
and never users (n = 244); mean baseline age, Quetelet 
index and years of estrogen use are shown in Table 3 for 
each subgroup. As shown in Table 3, following adjust- 
ment for age, community and body size, use of 
estrogens at follow-up was associated with less 5-year 
bone loss. Current users lost less radial bone mass 
(2.8% vs 7.3% and 7.4%, p = 0.005) than did women in 
either of the other two categories. 

However, duration of estrogen use was an important 
factor among current users (see Table 4). Current users 
of estrogen had significantly less 5-year loss is use had 
been for 5 years or longer ( - 1 . 0 %  vs - 6 . 9 % , p  = 0.05). 
Duration of use was not associated with either follow-up 
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Fig. la,b. Five-year percentage bone change by quintiles of weight (a) 
and Quetelet index (b) in women aged 55-80 years in three Iowa 
communities (n = 432). 

BMD or 5-year BMD loss among past users of 
estrogens. 

We compared the bone loss of women in four categor- 
ies of thiazide use as shown in Table 5. There was 
significantly less 5-year bone loss among women who 
had a current thiazide prescription. When women who 
had never used thiazides and past-only users (n = 343) 
were compared with women who reported current use 
(n = 88), the current users had less 5-year radial bone 
loss (7.4% vs 5.0%, p = 0.0035). 

Factors which might influence this relationship are 
shown in Table 6. After adjustment for age, commun- 

Table 3. Selected characteristics of women aged 55-80 years, after classification by estrogen use status 

Estrogen use status 

Current use Past use Never used p value 

n 24 71 244 
Age (yr) 63.1_+1.4 66.5_+0.8 67.5+0.4 0.0107 
Quetelet index (kg/m 2) 25.7+_ 1,1 27.7_+0.6 28.0_+0.3 0.1203 
Years of use 11.4+_1.4 4.1±0.8 - -  - -  
Years since menopause 23.7+_1.8 23.4+-1.1 24.3+-0.6 0.7221 
Baseline BMD (g/cm2) a 0.634+-0.018 0 .618+_0 .011  0.618+_0.006 0.6921 
Follow-up BMD (g/cm2) a 0.620±0.018 0.574±0.011 0.572+_0.006 0.4890 
% Radial BMD chang& 2.8%_+ 1.3 7,4%_+0.7 7.3% ±0,4 0.0005 

aAdjusted for age, community and Quetelet index. 
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Table 4. Duration of estrogen use and 5-year rate of BMD loss 
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Use n Duration Age at Years since Years of Years since 
status of use baseline menopause perimenopausal estrogen 

(yr) (yr) estrogen use use 

5-year 
% bone loss 
(mean_+SEM) 

Past 51 <5 66.8+_0.9 23.4_+1.2 1.3_+0.3 20.8_+1.3 
20 />5 65.7_+1,4 23.4_+1.8 11.1_+0.5 12.8_+2.1 

Current 8 <5 65.2_+2.2 23.1+_2.9 1.4_+2.8 - -  
16 ~>5 62.0-+1.5 23.9-+2.1 16.4-+2.0 - -  

-7.4_+1.0 
-7.3_+1.6 
-6.9_+2.2 
-1.0-+1.5" 

Five-year percentage age loss is adjusted for age, Quetelet index and community in regression analysis. 
~p=0.05. 

Table 5. Duration and ever use of thiazide antihypertensive medication, BMD and 5-year rate 
of radial BMD loss 

Use n Baseline BMD Follow-up BMD 5-year 
status (g/cm2; (g/cm2; % hone loss 

mean-+SEM) mean-+SEM) (mean-+SEM) 

Never 287 0 .60_+0.005 0 . 5 6 _ + 0 , 0 0 5  -7.2+0.4 
Past only 56 0 .64_+0.018 0.60-+0.011 -7.4-+1.0 
Current 21 0 .64 -+0 .019  0.62+0.019 -4.9+_1.5 
Current and past 67 0 .65_+0.011 0.6t-+0.011 -5.9_+0.8 

Follow-up BMD and 5-year percentage age loss are adjusted for age, Quetelet index, estrogen 
use and community in regression analysis. 

Table 6. Description of population attributes according to thiazide use characteristics 

Thiazide use 

Never used Past only Now only Past and now p value 

Smoked 
Ever (%) 19 20 15 12 
Never (%) 8I 80 85 88 0.51 

Age (yr) 65.9 68.0 69.5 68.7 0.06 
Years since menopause 18.5 19.8 20.7 21.7 0.06 
Quetelet index (kg/m 2) 26.9 28.8 30.1 30.0 0.0001 
Calcium intake (rag) 

Food frequency: follow-up 853 911 933 822 0.71 
baseline 807 797 828 777 0.12 

24-h recall: follow-up 807 735 825 686 0.06 
baseline 903 830 975 840 0.34 

i ty,  Q u e t e l e t  index  and  e s t rogen  use,  th iaz ide  use still 
exp la ined  a s ignif icant  p r o p o r t i o n  of  va r i a t ion  in 5-year  
p e r c e n t a g e  change  (p = 0.05).  

Base l ine  i n t akes  of  p ro t e in ,  d i e t a r y / s u p p l e m e n t  cal- 
c ium and  d i e t a r y / s u p p l e m e n t  v i t amin  D in t ake  were  not  
p red ic t ive  of  5-year  r ad ia l  bone  p e r c e n t a g e  change .  T h e  
a g e - a d j u s t e d  m o d e l s  of  bone  change  and these  nut r ien ts  
were  non-s igni f icant  w h e t h e r  d i e t a ry  i n t ake  was est i-  
m a t e d  f rom a food  f r equency  in s t rumen t  o r  a 24-h 
recal l .  L ikewise ,  t he re  was no  r e l a t ionsh ip  when  cal- 
c ium in t ake  was exp re s sed  pe r  1000 k i loca lo r ies  and  
r e l a t ed  to p e r c e n t a g e  b o n e  mass  change .  

A s  shown in T a b l e  7, ca lc ium and  v i t amin  D in t ake  
were  each  d i c h o t o m i z e d  with R e c o m m e n d e d  D i e t a r y  
A l l o w a n c e  as the  c r i t e r ion  [calc ium <800  mg (n = 199) 

vs >1800 mg (n = 233); v i t amin  D <400  I U  (n = 269) vs 
t>400 I U  (n = 163)]. T h e r e  was no signif icant  re la t ion-  
ship b e t w e e n  rad ia l  b o n e  loss and e i the r  two- leve l  
va r iab le .  W h e n  w o m e n  were  ca t ego r i zed  by  the i r  jo in t  
ca lc ium and v i t amin  D in t ake  [d ie ta ry  ca lc ium < 8 0 0  mg 
and v i t amin  D <400  I U  (n = 130); ca lc ium in t ake  1>800 
mg but  v i tamin  D <400  I U  (n = 139); ca lc ium < 8 0 0  mg 
and  v i t amin  D ~>400 I U  (n = 69); and  ca lc ium in take  
/>800 mg with v i tamin  D I>400 I U  (n = 94)], no  
r e l a t ionsh ip  was found  b e t w e e n  ca lc ium/v i t amin  D 
in t ake  and  p e r c e n t a g e  bone  loss. 

A s  shown in Tab le  8, t he re  was no  assoc ia t ion  of  
a lcoho l  in t ake  with  b o n e  change ,  bu t  w o m e n  with  
g rea t e r  a lcohol  use  were  y o u n g e r  and  had  fewer  yea r s  
since m e n o p a u s e .  T h e r e  was no assoc ia t ion  b e t w e e n  
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Table 7. Five-year radial bone change by categories of dietary calcium 
and vitamin D (including the contribution of supplements) 

Nutrient n % chang& p value 

Calcium intake (rag) 
<800 199 6.8_+0.5 
>1800 233 7.1 +-0.4 

Vitamin D intake (IU) 
<400 269 6.5_+0.4 
/>400 163 7.6±0.5 

Combined calcium and vitamin D intake 
<800 mg 
<400 IU 130 6.4+_0,6 
<800 mg 
t>400 IU 69 7.5_+0.5 
I>800 mg 
<400 IU 139 6.7+_0.6 
~>800 mg 
~>400 IU 94 7.7-+0.7 

0,6210 

0.1221 

0.4643 

"Adjusted for age, community and Quetelet index. 

Table 8. Characteristics of study population according to alcohol use 
at baseline 

Never <4 drinks/ >14 drinks/ 
week week 

n 118 122 192 
%Bone loss ~ %2+0.6 6.6+0.6 7.0+0.5 
% bone loss, adjusted b 7 . 2 + _ 0 . 6  6.6+0.6 6.8+0.5 
Age (yr) 68.2 68.4 64.9 
Years since menopause 20.5 21.0 17.5 
Quetelet index (kg/m 2) 27.4 27.7 27.7 
% now smoke 4 4 12.5 

a Unadjusted; p =0.77. 
bAdusted for community, age and Quetelet index; p=0.79. 

alcohol consumption (never drank, less than 4 drinks/ 
week, or 4 or more drinks/week) and rate of bone 
mineral change after adjusting for age, menopause, 
body size and community. 

Smoking was not associated with 5-year bone change 
when categorized as never smoker, previous smoker or 
smoker in the 5-year interval (p = 0.72). As shown in 
Table 9, classification according to pack-years was not 
associated with a significant difference in 5-year bone 
loss. The median number of packs smoked in this 
population is 4500. 

Reproduction and the climacteric were evaluated for 
association with 5-year rate of bone loss. We observed 
no association between age at menopause or time since 
menopause and 5-year BMD change following adjust- 
ment for age, body size and community. When women 
were classified according to parity (nulliparous, parity 
>1-3 or parity >3 live births), there was no association 
with rate of change. Similarly, women who had had two 
or more miscarriages had no difference in 5-year bone 
loss among these postmenopausal women. 
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Table 9. Characteristics of study population according to smoking 
behaviour and duration 

Never <median >median 
pack-years pack-years 

Number 353 40 36 
% of bone loss ~ 6.2 8.5 5.6 
% of bone loss, adjusted b 6.8 8.3 5.1 
Age (yr) 67.7 63.0 62.0 
Years since menopause 20 16 14.5 
Quetelet index (kg/m 2) 27,6 28.3 27.6 
% now smoke 0 48 74 

Unadjusted; p=0.1728. 
bAdusted for age, community and Quetelet index; p=0.1113. 

Discussion 

Given the limited number of interventions currently 
available to treat bone loss with aging, identification of 
factors which minimize 5-year bone change is import- 
ant. Estrogens have been identified as slowing or cur- 
tailing bone loss in a number of clinical studies (see [15] 
and [16] for reviews). We have found that current 
estrogen use was associated with less bone loss in a 
group whose average age is 63 years, which is 15 years 
after the average age of menopause in this population. 
Other studies, including those using estradiol implants, 
have confirmed a positive effect of estrogens on bone 
mineral density and fracture among older women [17- 
19]. It is important to note that the most potent effect of 
these estrogens appeared to be associated with current 
use, but that the duration of current use had to be in 
excess of 5 years. These data suggest that prior use of 
estrogens does not delay bone loss beyond the time of 
use, even if that prior use was of relatively long 
duration. Furthermore, these data suggest that pro- 
tection is associated with estrogen even in the period of 
time beyond the perimenopause. Although there is 
relatively low prevalence of estrogen use in this study, 
this finding in a community-based population supports 
an accumulating body of literature. 

We observed that current thiazide use was associated 
with less radial bone loss, though the reduction was not 
as substantial as that observed with the use of estrogens. 
The impact of thiazides was associated with current but 
not pre~ious thiazide use. This impact is also indepen- 
dent of current estrogen use as only 4 women were using 
thiazides and estrogens concurrently. It has been pro- 
posed that thiazide use might forestall bone loss by 
curtailing urinary calcium excretion [20]. There was no 
difference in baseline dietary calcium intake between 
users and non-users of thiazides. Therefore, the con- 
trast in rate of 5-year bone loss between current and past 
thiazide users would suggest that urinary calcium loss 
resumed its previous rate among those women who 
were past users of thiazides. While we [21] and others 
[22] have previously reported an association, a clinical 
trial of thiazide use suggested this might be a transitory 
effect [231. 
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It is well recognized that body size is associated with 
level of bone mass, and we observed that measures of 
greater body size, including measures of both obesity 
and muscle area, were associated with less 5-year bone 
change. Whether obese women have greater bone mass 
because of aromatization of adrostenedione to estrone 
in the adipocytes [24] or a mechanical role associated 
with bone loading has not been defined. Ribot et al. [25] 
have reported a protective effect of obesity in post- 
menopausal bone loss. However, levels of estradiol and 
testosterone did not differ between obese and non- 
obese postmenopausal women, suggesting that body 
size may have a mechanical rather than a hormonal role 
in bone change. 

We can only speculate as to why dietary calcium and 
vitamin D intake at baseline were not associated with 
subsequent rates of radial bone change. While many 
may be disappointed at our failure to find a relationship 
between bone mass change and calcium intake, the lack 
of an observed relationship is consistent with many 
other studies which included various study designs [26]. 
Several factors may account for these findings. First, in a 
widely cited study of calcium supplementation [27] no 
effect of supplementation was observed in women 
whose baseline intake exceeded 400 mg calcium per 
day. Further, the most promising supplement was in a 
citrate complex, a chemical configuration not widely 
available in foods. Second, assessment of calcium, like 
that of other dietary nutrients, has been plagued with 
methodological problems. For example, Sempos et al. 
[28] have estimated that six 24-h recalls per individual 
are needed to assure that the efficiency of estimating the 
true population correlation coefficient is greater than or 
equal to 90%. A single 24-h recall used to estimate an 
individual's calcium intake has an efficiency of 50%. 
Thus, findings from studies based on 24-h food recalls 
should be regarded with caution unless accompanied by 
other methodologies. We took this approach to evaluat- 
ing diet in our study population, and utilized both the 
24-h recall method and the food frequency method. In 
addition, calcium intake from supplements and drinking 
water were considered. Even when considering vitamin 
D contribution or adjustment for total calories con- 
sumed, we could not identify a statistically significant 
relationship with bone mineral change in this well- 
nourished population. 

This prospective study and its implementation have 
several limitations. It describes cortical bone of the 
radius measured by single photon absorptiometry and 
does not provide measures of the spine and hip. BMD 
was measured at the radius with single photon densito- 
metry for historical reasons. When the study began, 
single photon densitometry was the only technique 
available with minimal radiation exposure that was 
acceptable to the ethics committee for community- 
based studies. It is a highly precise methodology, a 
characteristic desirable in longitudinal studies with 
repeated measurements, where each subsequent mea- 
sure can be associated with potential for error. The 
follow-up examination included measures of both radial 

BMD by single photon densitometry and femoral neck 
BMD by dual photon absorptiometry. 

A second limitation is the relatively short 5-year 
follow-up - a limitation shared with many studies. There 
are two other reported longitudinal studies of BMD, 
using the more precise photon densitometric methodo- 
logy, which has reported data from a longer time 
interval. The study by Johnston et al. [4,5] reports an 
average follow-up of approximately 6.5 years. The 
study of 73 women by Falch and Sandvik [29] was 10 
years in duration. 

Loss to follow-up is a major concern in all prospective 
studies. The refusal rate for re-examination was 
extremely tow (6%), although an additional 12% of the 
baseline study group did not participate because of 
death (7%) or moving (5%). 

In summary, we reiterate that understanding the 
factors associated with more rapid bone mineral loss 
among aging women is important for establishing pre- 
ventive strategies for intervention and risk profiles for 
women who may need frequent follow-up. Baseline 
radial BMD was highly associated with follow-up radial 
BMD; however, there was no relationship between 
baseline BMD and percentage BMD change, suggesting 
that lower BMD was not a risk factor for more rapid 
bone loss in a 5-year period among these women. These 
data suggest that greater body size, and current use of 
estrogens or thiazide antihypertensive medication are 
associated with less radial bone mass loss in a 5-year 
period among postmenopausal women. Baseline diet- 
ary calcium, alcohol consumption and smoking were not 
associated with BMD change. 
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