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ABSTRACT

INTRODUCTION The protective effect of adipocity on bone metabolism has not been confirmed
during long-term follow-up. It is not known whether the rate of bone turnover and changes in min-
eral metabolism in obese people result from endocrine properties of the adipose tissue or merely
the mechanical load.

0BJECTIVES The aim of the study was to evaluate bone and calcium-phosphorus metabolism in
obese women during a 5-year follow-up.

PATIENTS AND METHODS The study involved 47 obese women who underwent a 3-month weight loss
therapy. We evaluated changes in the serum levels of parathormone (PTH), calcidiol (25(0H)D,), col-
lagen type | crosslinked C-telopeptide (CTx-I), osteocalcin, total calcium, inorganic phosphates, and in
bone mineral density. The control group consisted of 17 healthy women with proper body weight.
RESULTS We observed a similar decrease in bone mineral density (BMD) in the lumbar spine and
femoral neck, and a comparable decrease in the serum levels of CTx-I and osteocalcin in both groups
during the 5-year follow-up. Changes in serum PTH levels were not statistically significant. In obese
women, a nonsignificant increase in the serum level of 25(0H)D, was observed as early as after
a 3-month weight loss therapy and during follow-up. In controls, serum 25(0H)D, levels tended to
decrease. During follow-up, the number of obese patients with disturbances in vitamin D metabolism
decreased from 78.7% to 53.2% (P = 0.01). Such disturbances were observed in 35.3% of the control
group. In obese patients, there was a positive correlation between the change in body mass and BMD
in the proximal femur (r = 0.279, P = 0.04). In controls, there was a positive correlation between
the change in body mass and BMD in the lumbar spine (r = 0.477, P = 0.05).

concLusions In obese women who underwent weight loss therapy, the levels of bone turnover mark-
ers decreased and abnormal vitamin D metabolism was still observed during the 5-year follow-up.

INTRODUCTION It is widely recognized that
obesity has a protective effect on the bone tis-
sue.! An increase in the body mass index (BMI)
is followed by an increase in bone mineral con-
tent and bone mineral density (BMD). Obese
women have a lower risk of low-energy fractures

compared with normal-weight women.?3 Ravn
et al.,* when comparing the populations of obese
and lean women of similar age, showed that in-
creased body weight significantly reduces the risk
of osteoporosis. In elderly people, obesity exerts a
protective effect against fractures of the proximal
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femur and distal forearm.’ This may be partly due

to shock absorption properties of the adipose tis-
sue, especially in relation to injuries that affect

the proximal femur.

Higher BMD and a lower risk of osteoporo-
sis in obese women is also partially explained
by an increased production of estrogen and low-
er serum levels of sex hormone binding globu-
lin, and thus higher levels of free hormones in
this patient group.5” A number of studies have
shown no protective effect of obesity on the de-
velopment of osteoporosis.® Goulding et al.® ob-
served an increased risk of fractures in children
with higher fat content, and Zhao et al.'® proved
that despite an increase in the adipose tissue,
menopause is associated with an increased rate
of bone loss. Furthermore, obese people are pre-
disposed to disorders of calcium and phosphate
homeostasis, which results from low physical ac-
tivity, improper diet, and low UV exposure. Thus,
the protective effect of obesity on bone tissues
still raises concerns.

Recently, in order to assess fracture risk in-
dependently of BMD, the markers of bone turn-
over have been used. Their serum levels reflect
bone turnover and rebuilding that take place in
the skeletal system. The exact relationship be-
tween body weight and the rate of bone turnover
has not been established so far. Both increased
and stable serum levels of bone resorption mark-
ers and decreased serum levels of bone forma-
tion markers have been observed."'2 In addi-
tion, the long-term results of weight-loss thera-
py and its effect on bone metabolism causes even
greater controversy. Long-term follow-up studies
of bone metabolism in obese patients have been
rare. It is not known whether the rates of bone
turnover and bone loss in obese patients are com-
parable to those observed in patients with nor-
mal weight. Lower levels of vitamin D and sub-
sequent secondary hyperparathyroidism are ob-
served more often in obese patients.'? It is not
known whether these abnormalities are persis-
tent, and whether calcium and vitamin D supple-
mentation is needed in this patient group.

The aim of this study was to assess bone and
calcium-phosphorus metabolism in obese women
compared with controls during a 5-year follow-up.

PATIENTS AND METHODS The study involved
47 obese women. The effect of weight reduction
on bone metabolism was assessed in patients
treated in the “WAGA” Weight Management Clin-
ic, Katowice, Poland, in the years 2003-2004. All
patients were diagnosed with simple obesity with-
out concomitant diseases. The inclusion criteria
were as follows: stable body weight in the pre-
vious 3 months, normal lipid profile and blood
glucose level, blood pressure <140/90 mmHg, no
history of chronic inflammatory diseases or drug
therapy (including drugs that affect bone meta-
bolism). All patients were nonsmokers. All pa-
tients gave written informed consent. The study
and the follow-up were approved by the Bioethics

Committee of the Medical University of Silesia,
Katowice, Poland.

All subjects participated in a 3-month weight
loss therapy that involved a 1000-1200 kcal/day
balanced diet (daily calcium consumption of
500 mg), change of lifestyle, and regular phys-
ical exercise (60 min, 3 times a week). Each pa-
tient was examined every 2 weeks by a physician
and a dietician. Each patient was asked to keep
a food diary.

Clinical characteristics were recorded at base-
line and after the therapy. Body weight and
height were measured, and BMI was calculated.
Body composition was analyzed using the bio-
impedance method. After 5 years, patients were
reinvited for anthropological measurement, den-
sitometry, and biochemical and hormone tests.
During the visit, data about comorbidities (hy-
pertension, diabetes, dyslipidemia, thyroid dis-
ease, ischemic heart disease) and about the pres-
ent therapy were collected.

In obese subjects, blood samples and anthropo-
metric measurements were taken 3 times: at base-
line, after the 3-month weight-loss therapy, and
5 years after the therapy. Blood samples (20 ml)
were obtained from each subject in the morning
between 8 and 9 a.m., after an overnight fast. Af-
ter clot formation, the samples were centrifuged
(1000 x g) at room temperature for 10 minutes.
Serum was drawn into plastic vials and stored
at —70°C until the assay. The serum levels of para-
thormone (PTH), 25(OH)D,, collagen type I cross-
linked C-telopeptide (CTx-I), osteocalcin, total cal-
cium, and phosphorus were determined.

BMD of the proximal femur and lumbar spine
was measured twice using dual energy X-ray ab-
sorptiometry (DXA). Patients remained under
the care of the “WAGA” Weight Management
Clinic.

The control group consisted of 17 healthy wom-
en of similar age. Laboratory and anthropomet-
ric measurements were taken twice: at baseline
and after 5 years.

Individual absolute fracture risk was estimat-
ed according to the World Health Organization
(WHO) recommendations, using the FRAX™-WHO
Fracture Risk Assessment Tool (http://www.shef.
ac.uk/FRAX/tool.jsp). The characteristics of both
groups are shown in TABLE 1.

Clinical and metabolic characteristics Weight and

height were measured using electronic medical

scale (RADWAG, Poland). BMI was calculated us-
ing the formula: BMI = body weight (kg)/height
(m?). Waist circumference was measured half way

between the lower costal margin and superior il-
iac crest. Body weight composition was analyzed

using the bioimpedance method (Bodystat 1500,
Bodystat Ltd., Great Britain). Blood pressure was

measured using a standard mercury sphygmoma-
nometer cuff (12 x 23 cm), on the left forearm, af-
ter 5 minutes in a sitting position.
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TABLE 1

Characteristics of the study and control groups

Study group Control group
n =47 n=17
baseline baseline
age, yrs 49.9 +5.6 54.9 +5.6¢ 52.0 =4 57.1 +4.0¢
body mass, kg 95.3 £11.7 94.8 £13.2¢ 66.6 5.5 64.7 8.5
waist circumference, cm 101.0 =14.4 102.0 =14.5 82.8 £7 83.8 £7.8
BMI, kg/m? 36.8 +4.4a 36.4+4.38 24.0 2 247 3.0
BMD L2-14, g/cm? 1.24 +0.162 1.20 +0.2024 1.06 =0.13 0.99 +0.2¢
BMD proximal femur, g/cm? 1.09 £0.72 1.03 +£0.152d 0.85 +0.11 0.83 £0.11
FRAX™, % 1.3 +0.52 1.7 +£0.82¢ 2108 2.9 +1.4e
fat tissue, % 49.4 +7.0° 49.6 +5.9 345 +4.8 37.7 £8.8¢
lean tissue, % 50.2 +6.8° 49.8 +6.12 64.7 £5.7 61.1 =114
total cholesterol, mg% 218 £37 222 £40 210 £35 221 £39
LDL-C, mg% 142 +38 140 =14 140 +30 137 +36
HDL-C, mg% 52 =14 57 =144 60 =12 65 = 1d
triglycerides, mg% 117 492 131 78 86 +41 90 =41
glucose, mg% 101 =152 104 =152 92 =10 90 =10
osteocalcin, ng/ml 20.9 +6.2¢ 19.2 £5.9¢ 26.8 +9.8 257 =115
PTH, pg/ml 53.9 £19.7 471 =17.0¢° 36.7 =20.6 36.8 =13
CTx-l, ng/ml 0.28 +0.13 0.23 +0.09¢ 0.29 +0.13 0.24 +0.13
25(0H)D,, ng/ml 25.9 £12.1b 29.6 =£13.3 385 +17.6 32 £15.9
total calcium, mmol/l 2.28 +0.07 2.22 +0.11 2.30 +=0.14 2.22 +0.19
phosphorus, mmol/l 1.13 £0.192 1.04 £0.152 1.33 =0.20 1.19 =£0.18
statistical significance vs. controls: a P <0.001, b P =0.005 c¢ P <0.05
statistical significance vs. baseline: d P <0.05, e P <0.001

Abbreviations: BMD — bone mineral density, BMI — body mass index, CTx-I — C-terminal telopeptide of collagen type I, FRAX™ — fracture risk
assessment tool, HDL-C — high-density lipoprotein cholesterol, LDL-C — low-density lipoprotein cholesterol, PTH — parathormone
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Laboratory tests The laboratory tests were per-
formed at the Isotope Laboratory of the Depart-
ment of Nephrology, Endocrinology and Meta-
bolic Diseases and Department of Pathophysiol-
ogy, Medical University of Silesia, Katowice, Po-
land. An electrochemiluminescence immunoas-
say (Elecsys, Roche Diagnostics GmbH, Germany)
was used for PTH, osteocalcin, and CTx-I assays.
25(OH)D, was measured using a radioimmunoas-
say (Bio Source-EUROPE S.A., Nivelles, Belgium).
The levels of total calcium, inorganic phosphate,
serum glucose, and lipids were measured using
a spectrophotometer (Point Scientific Inc., Mich-
igan, United States).

Densitometry BMD of the proximal femur and
lumbar spine was measured by DXA using Lu-
nar Prodigy Advance (GE Healthcare, Diegem,
Belgium).

Statistical analysis The data are presented as

mean + standard deviation. The analyses were per-
formed using the STATISTICA 8.0 software (Stat-
Soft Polska, Krakéw, Poland). Normality of distri-
bution was tested with the Kolmogorov-Smirnov
test. Due to the size of the control group and

the distribution of some of the tested parameters,
the U Mann-Whitney pair-wise comparison for

independent variables and the Wilcoxon pair-
-wise comparison for dependent variables were
used as appropriate. Changes in the parameters
over time were evaluated by the analysis of vari-
ance. The correlation coefficients (r) was calcu-
lated according to the Spearman’s rank correla-
tion coefficient. P <0.05 was considered statisti-
cally significant.

RESULTS Women with simple obesity had high-
er BMD in the examined areas, a lower 10-year
absolute fracture risk (FRAX™), lower serum lev-
els of osteocalcin, 25(OH)D,, and phosphate, but
higher serum levels of PTH compared with con-
trols (TABLE 1).

After the 3-month weight loss therapy, we ob-
served a decrease in body mass (by 9.5 +4.2%)
and body fat mass (by 12.6 +8.3%). In addition,
we noted a decrease in the serum levels of to-
tal cholesterol (9.9 +9.0%), low-density lipopro-
tein cholesterol (10.3 +17.3%), and triglycerides
(10.6 £30.5%). Five years after the therapy, body
mass was only 0.5 +7.8% lower compared with
the baseline values, and fat content increased
by 0.6 +6.9%.

After 5 years, we still observed higher BMD,
a lower 10-year absolute fracture risk (FRAX™),
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TABLE 2 Comparison of changes in the assessed parameters in the study and
control groups during 5-year follow-up

Study group Control group
n=47 n=17

A body mass, % -05=+79 -1.3+39
A BMD L2-14, g/cm? -0.03 +0.11 -0.07 £0.14
A BMD proximal femur, g/cm? -0.05 =0.09 -0.02 +0.08
A fat tissue, % 0.6 £6.9 3.2+79
A lean tissue, % -0.6 7 -3.6 £10.9
A osteocalcin, ng/ml -1.5+6.5 -1.1 =135
A PTH, pg/ml —6.2 =19.7 0.1 +20.6
A CTx-l, ng/ml -0.04 0.1 -0.05 +0.14
A 25(0H)D,, ng/ml 3.7 +11.3 6.4 +17.4

statistical significance vs. controls: a P = 0.01

Abbreviations: see TABLE 1

and higher serum PTH levels in obese patients
compared with controls (TABLE 1).

In both groups, a similar reduction in BMD
of the proximal femur and lumbar spine was ob-
served during the 5-year follow-up (TABLE 1).

In both groups, a decrease in the serum levels
of CTx-I and osteocalcin was observed. Chang-
es in the serum levels of PTH and 25(OH)D, did
not reach statistical significance (TABLE 1). In obese
women, there was a slight increase in serum
25(0OH)D, levels, which occurred after the weight
loss therapy and was still observed during follow-

-up (TABLE 1). In controls, 25(OH)D, decreased.
These changes, observed during the 5-year follow-
-up were statistically significant (TABLE 2).

Serum 25(0OH)D, levels of 0 to 10 ng/ml were
considered as “deficit”, of 10 to 20 ng/ml - defi-
ciency, and of 20 to 30 ng/ml - hypovitaminosis.'*

At baseline, deficit was recognized in 3 obese pa-
tients (6.4%), deficiency in 15 (13.9%), and hypo-
vitaminosis in 19 (40.4%). After 5 years, no deficit
of 25(OH)D, was found in the study group, but de-
ficiency was observed in 15 obese patients (13.9%)

and hypovitaminosis in 10 (21.3%). The percent-
age of subjects with abnormal vitamin D meta-
bolism decreased from 78.7% to 53.2% (P = 0.01).
In the control group, such abnormalities were less

common. Deficiency was recognized in 2 subjects

(11.8%) and hypovitaminosis in 4 (23.5%).

Correlations In obese women, there was a posi-
tive correlation between the change in body weight
and the change in BMD of the proximal femur
(r=0.279, P = 0.04). In contrast, in the control
group, there was a positive correlation between
the change in body weight and the change in BMD
of the lumbar spine (r = 0.477, P = 0.05).

Additionally, in obese women, correlations of
borderline significance between serum 25(0OH)D,
levels and body weight (r = -0.28, P = 0.06) and
waist circumference (r = -0.27, P = 0.07) were
observed, but these relationships were no lon-
ger present after 5 years.

DISCUSSION The present study is one of the few
long-term follow-up studies evaluating the chang-
es in BMD and bone turnover markers in obese
patients. Fogelholm et al.' evaluated changes
in BMD in obese women (before menopause) af-
ter a 3-month weight-loss program and regain of
body weight during a 36-month follow-up. The
authors described a slight decrease in BMD at 3
months that was partly neutralized after weight
regain. Also, Compston et al.'8 observed in a small
group of obese women undergoing a 10-week
weight-loss therapy that BMD returned to base-
line after 10 months, during which the women re-
gained their weight. However, in both studies, nei-
ther bone turnover markers nor the serum levels
of calcitropic hormones were assessed.

In our study, we observed significant differenc-
es in the serum levels of calcitropic hormones, os-
teocalcin, and BMD between obese patients and
controls. Higher serum PTH levels in obese wom-
en can be explained by lower levels of vitamin D,
which reduces calcium absorption from the gas-
trointestinal tract, and by increased calcium re-
nal excretion. These processes reduce the serum
levels of ionized calcium that stimulates the para-
thyroid glands."'® According to McCarthy et al.,'®
PTH may promote weight gain by inhibiting lipol-
ysis stimulated by catecholamines in adipocytes.
Thus, obesity may be an essential factor associat-
ed with increased secretion of PTH, and PTH en-
hances the growth of the adipose tissue. The re-
sults of Andersen et al.,'® who described the asso-
ciation between PTH levels and the degree of obe-
sity many years ago, may support this thesis. Se-
rum PTH levels in our study group were increased
and remained so during the 5-year follow-up, as
compared with the control group.

Lower serum 25(OH)D, levels in obese women
may be explained by excessive storage of 25(0OH)D,
in the adipose tissue, inhibition of 25(OH)D, syn-
thesis in hepatocytes by 1,25(0H)2D, (its levels
are elevated in obesity), and lower physical activ-
ity, which is also associated with lower sun expo-
sure.20.2! An increase in serum 25(0OH)D, levels
after weight loss and a stronger correlation of
these levels with fat content than with the BMI
may confirm these hypotheses.'?? In our study,
serum 25(0OH)D, levels increased after 5 years,
but the increase was not statistically significant,
probably due to a small size of the study group.

We analyzed serum 25(OH)D, levels in terms
of the recommended concentrations'* and found
significant abnormalities (deficit, deficiency, and
hypovitaminosis) in 78.7% of the patients. For
comparison, deficiency or hypovitaminosis was
found in 35.3% of the control group. After 5 years,
the percentage of obese patients with abnormal
vitamin D metabolism decreased to 53.2%. Def-
icit was no longer observed, only deficiency was
found in 15 patients (13.9%) and hypovitamin-
osis in 10 (21.3%). The observed changes might
have resulted from a change in diet (higher in-
take of vitamin D and dairy products) and in life-
style (increased physical activity) after weight
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loss therapy and a consultation with a dietician.
However, lifestyle modification and sun exposure

cause a smaller increase in serum 25(0OH)D, levels

than oral vitamin D supplementation.?® After oral

administration of vitamin D, an increase in serum

25(0OH)D, levels in obese patients is lower than in

lean ones, which could indicate impaired absorp-
tion of standard doses of this vitamin.2?

Adequate vitamin D supplementation is im-
portant because reduced serum 25(OH)D, lev-
els (<12 ng/ml) decrease serum 1,25(0OH)2D, lev-
els and stimulate PTH production, which may
lead to osteoporosis.2® Serum 25(0H)D, lev-
els of 40 mg/ml are considered to be optimal
for adequate intestinal absorption of calcium
and the lowest secretion of PTH.?* The present
study (both at baseline and at 5 years) was con-
ducted during the autumn and winter months
(October - February), which reduced the effect
of seasonal variations in the serum levels of
25(0H)D,, PTH, and osteocalcin. It is known that
in winter, reduced serum 25(OH)D, levels are as-
sociated with increased serum levels of PTH and
osteocalcin. However, fluctuation in 25(OH)D,
levels does not result in normalization of PTH
levels during summer.?

In obese women, baseline serum levels of os-
teocalcin were lower compared with controls.
During the 5-year follow-up, the serum levels of
CTx-I and osteocalcin decreased, indicating slow
bone turnover in obese patients. Similar findings
were reported by Cifuentes et al.® who observed
lower serum osteocalcin levels in obese postmeno-
pausal women. However, there have been some
discrepancies. Ostrowska et al."! described in-
creased serum levels of bone turnover markers,
both formation and resorption, in women with
the BMI above 40 mg/m®. Hyldstrup et al.'? ob-
served stable levels of bone resorption markers
and decreased levels of bone formation mark-
ers. In controls, the serum levels of bone turn-
over markers remained stable. The effects of body
weight on the bone tissue and its metabolism are
also not clear. It has been shown that weight gain
is associated both with increased bone mass and
with reduced bone loss that occurs with age.?6:27
Unlike people with normal weight, obese patients
have increased BMD both in the areas of me-
chanical loading (femoral neck) and in the areas
where such loading is not present (distal part
of the radius).?8:2° However, there is no agree-
ment as to whether fat or lean body tissue de-
termines the development of bone mass. Both
positive (reduced risk of osteoporosis) and neg-
ative (no protection against bone mass loss) ef-
fects of fat tissue on the bone have been report-
ed.30%1 In our study, we observed both increased
BMD and a lower 10-year absolute fracture risk
in obese women. These ratios were maintained
during the 5-year follow-up, despite a decrease in
BMD around the femoral neck and lumbar spine
in both patient and control groups (by 5% and
3%, and by 7% and 2%, respectively). We also did
not observe a relationship between fat content

and BMD, which can be due to a limited number
of subjects studied in the present investigation.
The relationship between fat content and bone tis-
sue mineralization is weaker than that between
body mass and bone mineralization. In obese
patients, we observed a relationship between
body mass and BMD in the femoral neck, and in
the control group there was a correlation between
body mass and BMD in the lumbar spine. These
results suggest that mechanical loading is a more
important determinant of bone mass (bone for-
mation stimulation) than the adipose tissue.32:33
Because adipose tissue constitutes less than 40%
of the total body weight on average, mechanical
loading associated with increased fat mass may
be insufficient to explain the effect of fat mass
on the bone tissue.'?

To summarize, our most important findings
were the reduced levels of bone turnover markers
and abnormal vitamin D metabolism observed in
obese women during the 5-year follow-up. There-
fore, it seems vital to provide obese patients with
adequate vitamin D supplementation. It may be
away of slowing bone resorption and preventing
secondary hyperparathyroidism. Due to meta-
bolic factors, obese patients may require higher
doses of vitamin D.
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STRESZCZENIE

WPROWADZENIE Ochronnego wptywu tkanki ttuszczowej na metabolizm tkanki kostnej nie po-
twierdzono w obserwacji odlegtej. Nie wiadomo, czy zmiany metabolizmu oraz szybko$¢ przemiany
mineralnej ko$ci u os6b otytych sg nastepstwem dziatania endokrynnego tkanki ttuszczowej, czy
jedynie obcigzenia mechanicznego.

ceLe  Celem badania byta ocena metabolizmu ko$ci i gospodarki wapniowo-fosforanowej u otytych
kobiet w czasie 5-letniej obserwacji.

PACJENCI | METODY Przeprowadzono badania u 47 otytych kobiet, poddanych 3-miesiecznej kuraciji
odchudzajacej. Oceniano zmiany stezenia w surowicy: parathormonu (PTH), kalcidiolu (25(0H)D,),
C-koncowego telopeptydu kolagenu typu | (collagen type I crosslinked C-telopeptide — CTx-), osteo-
kalcyny, wapnia catkowitego, fosforanéw nieorganicznych oraz gestos$ci mineralnej kosci (bone
mineral density — BMD), wykorzystujac metode absorpcjometrii podwdjnej energii promieniowania
rentgenowskiego. Grupe kontrolng stanowito 17 zdrowych kobiet z prawidtowa masg ciata.

wYNIKI W obu badanych grupach w okresie 5 lat stwierdzono poréwnywalne zmniejszenie BMD
w zakresie kregostupa ledzwiowego i szyjki kosci udowej oraz réwniez pordwnywalne zmniejszenie si¢
stezenia CTx-l i osteokalcyny w surowicy. Zmiany stezenia PTH nie osiggnety znamienno$ci staty-
stycznej. W grupie otylych kobiet obserwowano nieznamienny wzrost stezenia 25(0H)D, w surowicy,
ktéry wystapit juz po 3 miesigcach odchudzania i utrzymat sie w dalszej obserwacji. W grupie kontrol-
nej stezenie 25(0H)D, w surowicy wykazywato tendencje spadkowa. Podczas obserwaciji licz-
ba otytych pacjentek z zaburzeniami gospodarki witaming D zmniejszyta sie z 78,7% do 53,2%
(P =0,01). W grupie kontrolnej zaburzenia gospodarki witaming D stwierdzono u 35,3% oséb. W grupie
badanej stwierdzono dodatnig korelacje pomiedzy zmiang masy ciata i BMD w obrebie szyjki ko$ci
udowej (r = 0,279; P = 0,04). W grupie kontrolnej stwierdzono dodatnig korelacje pomiedzy zmiang
masy ciata i BMD w obregbie odcinka ledzwiowego kregostupa (r = 0,477; P = 0,05).

wnioskl U otytych kobiet w okresie 5-letniej obserwacji po leczeniu zmniejszajgcym mase ciata
stwierdzono zmniejszanie si¢ stezen wskaznikéw przemiany mineralnej ko$ci oraz utrzymywanie sie
zaburzen gospodarki witaming D.
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