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Abstract

Background Roux-en-Y gastric bypass (RYGB) surgery is
the gold standard surgical treatment for obesity. However,
unintended nutritional deficiencies following this surgery
are common, including changes in bone metabolism. We
assessed changes in bone mineral density (BMD), nutritional
compounds, and bone resorption markers before and 1 year
following RYGB surgery.

Methods Our study included 22 female patients with class
II/IIT obesity. A clinical questionnaire, a 24-h recall, blood
and urine samples, and dual-energy X-ray absorptiometry
were provided.
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Results Mean age was 37.2+9.6 years; 86 % were
Caucasian and 77.2 % were premenopausal. Mean preoper-
ative body mass index was 44.4+5.0 and 27.5+4.5 kg/m” at
1-year follow-up (p<0.001). 25-OH-vitamin D-levels were
similar in both periods [11.7 (9.7-18.0) vs. 15.7 (10.2-2.7)
pg/dL, p=0.327]. Serum N-telopeptide (16.3+3.4 vs. 38.2+
7.0 nM BCE, p<0.001) and parathyroid hormone (45.4+
16.7 vs. 62.7£28.9 pg/mL, p=0.026) increased after RYGB
surgery, reflecting bone resorption. BMD decreased after
RYGB surgery in the lumbar spine (1.13+0.11 vs. 1.04=+
0.09 g/cm?, p=0.001), femoral neck (1.03+0.15 vs. 0.94+
0.16 g/cm?, p=0.001), and total femur (1.07+0.11 vs. 0.97+
0.15 g/em?, p=0.003).

Conclusions Decreased BMD in the lumbar spine, femoral
neck, and total femur is detectable in women 1 year after
RYGB surgery. Calcium malabsorption, caused by vitamin
D deficiency and increased bone resorption, is partially
responsible for these outcomes and should be targeted in
future clinical trials.

Keywords Morbid obesity - Metabolic bone disease - Bone
turnover - Vitamin D deficiency - Osteoporosis - Bariatric
surgery - Bone metabolism

Introduction

Obesity has dramatically increased over the last several
years throughout the world [1] and reached a prevalence
of about 30 % in the USA in 2008 [2] and 13.5 % in Brazil
in 2009 [3]. Currently, bariatric surgery is the most effective
treatment to lose weight, improve quality of life, and reduce
morbidity and mortality among obese individuals who could
not achieve weight loss with lifestyle interventions and/or
anti-obesity medication [4]. Roux-en-Y gastric bypass
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(RYGB) surgery is considered as the gold standard of sur-
gical treatment for these patients because it leads to less
severe malabsorption and malnutrition than traditional mal-
absorptive procedures (i.e., jejuno—ileal bypass) [5, 6] and to
a significantly higher excess weight loss than pure restric-
tive procedures [7]. However, unintended nutritional defi-
ciencies following gastric bypass surgery are a major
adverse outcome, including changes in bone metabolism
[8—11]. Weight loss induced by malabsorptive procedures
can be accompanied by increased levels of parathyroid
hormone (PTH), resulting from an inadequate intake and
absorption of calcium and vitamin D [12]. Increased PTH
and decreased vitamin D are known to cause osteoporosis
[13] and are highly prevalent after any kind of caloric
restriction [14]. This is most prominent if routine exercise
is not associated with dietary interventions [15].

Although some previous studies show a decrease in bone
mineral density in the first year following bariatric surgery
[8, 16, 17], others show that RYGB is associated with high
bone resorption and hyperparathyroidism, without a reduc-
tion in bone mineral density measured in the lumbar spine
and femoral neck [18].

The aim of this I-year follow-up study in obese
women undergoing RYGB is twofold: first, to quantify
the change in bone mineral density using dual-emission
X-ray absorptiometry (DXA), the standard technique for
bone mineral density measurement in non-obese women,
and second, to assess changes in bone serum markers
and nutritional components between preoperative and 1-year
follow-up measurements.

Methods

We performed a prospective cohort study of patients under-
going RYGB surgery. All patients were recruited from the
outpatient clinic of the Obesity and Metabolic Syndrome
Center of Hospital Sdo Lucas of Pontificia Universidade
Catoélica do Rio Grande do Sul (PUCRS) in Porto Alegre,
Brazil. The Internal Review Board of Hospital Sdo Lucas of
PUCRS approved the study and all subjects gave written
informed consent before participating in it (Protocol 06/
02985). The RYGB patients were recruited between
January 2007 and July 2008 and met the inclusion criteria
to undergo bariatric surgery (patients who maintain a body
mass index (BMI) >40 kg/m? or a BMI >35 kg/m?* with at
least one comorbidity) [19]. Patients were excluded if they
had preoperative gut malabsorption syndrome, if they had
any gastric, kidney, or liver disease, or if they used any
medication affecting bone metabolism (e.g., glucocorti-
coids, calcium supplements, vitamin D derivate, diuretics,
and anti-epileptic drugs). All RYGB procedures were per-
formed at the Obesity and Metabolic Syndrome Center of
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Hospital Sao Lucas of Pontificia Universidade Catdlica do
Rio Grande do Sul. All procedures entailed the creation of a
30-ml gastric pouch, a 150-cm “Roux limb” (alimentary
limb), and a 50-cm biliopancreatic limb.

Patient clinical history, blood samples, anthropometric
measurements (body weight, height, abdominal and hip cir-
cumference), dietary intake (obtained through 24-h recall),
and DXA were collected before and at 1 year following the
RYGB procedure. Nutrient analysis of the 24-h recall was
performed using the food analysis software Dietwin®
Professional 2.0 (Brubins and Dataweb Tecnologia, Porto
Alegre, Brazil). The percent of excess weight loss was
calculated using the following formula [20]: percent
excess weight loss=[(operative weight—follow-up
weight)/operative excess weight]x100], where excess
weight=actual weight—ideal weight.

Bone mass density was measured using DXA (Hologic
QDR-4500 Acclaim, Boston, MA, USA) at the lumbar spine
(L1-L4), the total femur, and the femoral neck in all sub-
jects. Low bone density was defined as a Z-score lower than
—2.0 for premenopausal women and a T-score lower than
—1.0 for post-menopausal women at any of the sites of bone
mineral density studied [21].

Insulin and PTH were measured by the chemiluminescence
method (Advia Centaur, Bayer Corporation, Tarrytown, NY,
USA). Serum and urinary calcium, alkaline phosphatase, liver
enzymes, fasting plasma glucose, creatinine, and albumin
were measured by the dry chemical system (Fusion FS 5.1,
Johnson & Johnson, Buckinghamshire, UK). Serum thyroxin
(T4), thyrotropin (TSH), and 17{3-estradiol were measured
using a chemiluminescence immunoassay (Vitros ECi
Immunodiagnostic System, Ortho-Clinical Diagnostics,
Rochester, NY, USA). Insulin resistance was assessed by
homeostasis model assessment of insulin resistance
(HOMA-IR) in individuals who were not on hypoglycemic
agents or insulin, as described using the formula: HOMA1-
IR=fasting plasma insulin (uU/ml)x fasting plasma glucose
(mM/22.5) [22]. Serum 25-hydroxyvitamin D levels were
determined by radioimmunoassay based on an antibody with
specificity for 25-OH-D (DiaSorin, Stillwater, MN, USA).
Serum collagen-type I N-telopeptide (NTX-s) was measured
by means of enzyme-linked immunosorbent assay using
Osteomark NTx® serum test (Whampole Laboratories Inc.,
Princeton, NJ, USA). The manufacturer's recommendation of
reference values for women range from 6.2 to 19.0 nM bone
collagen equivalents (nM BCE). Some tests were used only as
criterion for exclusion and were not included in the results.

Statistical Analysis
Data are expressed as counts and relative frequencies,

means and standard deviations, or medians and interquartile
ranges (P25—75) where appropriate. Fisher’s exact test was



OBES SURG (2012) 22:1287-1292 1289
Table 1 Clinical and metabolic characteristics of the subjects studied (n=22)

Characteristics Preoperative 1-year follow-up p-value
Weight (kg) 114.0+12.8 70.7+11.2 < 0.001
BMI (kg/m?) 44.4+5.0 27.5+4.5 <0.001
Waist circumference (cm) 122.7£9.5 88.7+9.0 <0.001
Hip (cm) 133.4+8.4 103.6+8.3 < 0.001
Serum albumin (g/dL) 42+0.3 4.1+0.3 0.155
Fasting plasma glucose (mg/dL) 93.6+8.8 78.1£6.9 <0.001
HOMA-IR 5.6+2.9 1.3£0.6 <0.001

Results are expressed as mean + SD. The value of P is the minimum level of significance of the paired #-test for the comparison between pre- vs.

postoperative Roux-en-Y gastric bypass

BMI body mass index, HOMA-IR homeostasis model assessment insulin-resistant

used to compare categorical variables; the paired z-test was
used to compare pre- and postoperative outcomes of contin-
uous variables. P values below 0.05 were considered as
statistically significant; all tests performed were two-sided.
All analyses were performed using SAS Enterprise Guide
4.2 (SAS Institute, Inc., Cary, NC, USA).

Results

Initially, 33 patients were included in this prospective study,
but only 22 patients (67 %) completed the 1-year follow-up
examinations. Patients dropped out of the study for the
following reasons: six patients missed the follow-up
appointments, four patients refused the DXA and bone
marker measurements at 1-year follow-up, and one woman
died from pulmonary embolism. To evaluate the signifi-
cance of the attrition rate (33 % of our patients), we com-
pared the initial clinical data of the 11 patients who dropped
out of our study to the initial clinical data of the 22 patients
who remained in our study. The clinical characteristics (age,
BMLI, blood pressure levels) and laboratory test results (fast-
ing plasma glucose, HOMA-IR, lipid levels) were similar (p
<0.05) between the groups.

The mean preoperative age of the 22 women was 37.2+
9.9 years; most were Caucasian (n=19, 86 %) and premen-
opausal (n=17, 77.2 %). The mean BMI was 44.4+5.0 kg/
m? prior to RYGB surgery and 27.5+4.5 kg/m” at 1-year
follow-up (p<0.001). The mean percent excess weight loss
was 89.2+18.1 %. The general clinical characteristics of the
subjects studied before and after the procedure are summa-
rized in Table 1.

The mean serum albumin level remained unchanged over
the first year. Fasting plasma glucose and HOMA-IR de-
creased significantly in the same period of observation.

Differences in the nutritional composition of the pre- and
postoperative period are presented in Table 2. Overall, we
observe a significant decrease in total energy intake from
3,197 to 1,257 kilocalories (p<0.001). Reported carbohy-
drates, lipids, phosphorus, and calcium intake decreased at
the I-year follow-up period, while cholecalciferol intake
remained unchanged over time. Although the total amount
of protein intake in grams decreased from 141.1 to 68.1 (p<
0.001), protein as a percentage of total diet increased from
18.7 to 22.4 % (p<0.050).

Preoperative and 1-year follow-up summaries of bone
serum and urine markers are provided in Table 3. No differ-
ences were detected in the group’s 25-OH-vitamin D,

Table 2 Nutritional composi-

tion of the diet (7=22) Variable Preoperative 1-year follow-up p-value
Total energy value (kcal) 3,197+1,340 1,257+290 <0.001
Protein (g) 141.1+48.7 68.1+£20.3 <0.001
Protein (%) 18.7+4.4 22.4+6.8 <0.050
Carbohydrate (g) 388.8+£178.8 140.6+45.6 <0.001
Carbohydrate (%) 48.2+7.8 44.4+7.5 0.160
Results are expressed as mean + Lipid (g) 119.7+57.4 46.9+18.0 < 0.001
SD or median (P 25-75). The Lipid (%) 33.1%6.1 332486 0.962
value of P is the minimum level )
of significance of the paired #- Cholecalciferol (mcg) 1.9 (1.2-2.4) 2.1(1.3-3.2) 0.871
test for the comparison between Phosphorus (mg) 1,717.0£662.0 917.0+255.0 < 0.001
pre- vs. postoperative Roux-en- Calcium (mg) 857.0 (608.0-1,471.0) 500.0 (402.0-656.0) <0.001

Y gastric bypass
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alkaline phosphatase, serum calcium, or 24-h urinary calci-
um levels. Increases in NTX-s levels reflect evidence of
bone resorption (p<0.001).

BMD, measured with the DXA method, significantly
decreased after RYGB surgery (lumbar spine 1.13+0.11
vs. 1.04£0.09 g/cm?, p<0.001; femoral neck 1.03+0.15
vs. 0.94£0.16 g/cm?, p=0.001; total femur 1.07+0.11 vs.
0.97+0.15 g/em?, p=0.003) as reflected in Fig. 1. One year
following RYGB surgery, the mean percentage of bone
mineral loss was 7.26 % (p<0.001) in the lumbar spine,
8.59 % (p=0.001) in the total femur, and 8.78 % (p=0.003)
in the femoral neck.

Discussion

In this study, we simultaneously compare bone mineral
density, bone resorption markers, nutritional components,
and metabolic markers prior to and following RYGB sur-
gery. We provide compelling evidence that bone mineral
density compared to the preoperative period decreased after
the 1-year follow-up in all evaluated bone segments. The
decrease in BMD was accompanied by a decrease in bone
serum resorption markers and low vitamin D levels, indicat-
ing increased turnover, and overall resorption, of bone sub-
stance. However, the lower energy intake, weight loss, and
metabolic improvements attained were beneficial for the
patients.

Bone mass density in the lumbar spine, femoral neck, and
total femur decreased by an average of 8.2 % a year follow-
ing bariatric surgery. Our findings are in accordance with a
recent study performed by Vilarrasa et al. that monitored 59
patients before and after RYGB surgery. They report a
decrease of BMD in the femoral neck of about 10 %, but
only a 3-% decrease of BMD in the column 1 year after
RYGB surgery [23]. In addition, Fleisher et al. support the
decrease in BMD in the femoral neck (9.2 %) and the total
hip (8.0 %) but similarly do not confirm the decrease of

p<0.001

p=0.001 p=0.003
1.2 g ]
. ! 1 ‘
~ 08
E
= 0.6 W Preoperative
1-year follow up
0.4
0.2

Femoral neck Total femur

Sites DMO

Lumbar spine

Fig. 1 Comparison of the bone mineral density in the lumbar spine,
femoral neck, and total femur preoperative versus the 1-year follow-up.
The measurement of BMD was performed by dual energy X-ray
absorptiometry. The value of P is the minimum level of significance
of the paired #-test for the comparison between pre- vs. postoperative
Roux-en-Y gastric bypass

BMD in the lumbar spine 1 year after RYGB surgery [8]. A
potential explanation for why they were unable to detect a
decrease of BMD in the lumbar spine might be associated
with the DXA instrument. DXA may be unable to accurately
measure changes in adipose tissue density and distribution
following bariatric surgery, as previously described by
Tothill et al. [24].

To adequately evaluate bone metabolism after surgery, it is
crucial to measure BMD, the specific bone serum markers,
vitamin D levels, and also calcium and phosphorus intake. We
found that NTX-s and PTH levels were increased 1 year
following RYGB surgery compared to preoperative measure-
ments. The high level of NTX-s, a very specific marker for
bone resorption, indicates bone mineral loss [25, 26]. This loss
may be caused by either low calcium and phosphorus intake
or absorption [27] or inadequate bone metabolism [28, 29].
We believe that the combination of both factors is responsible
for bone mineral loss in RYGB patients. Other studies used
NTX-u (NTX measured in the urine), instead of NTX-s, to
show increased bone resorption [8, 9, 30], but serum-based
markers of bone turnover (NTX-s) tend to show less variabil-
ity compared to the urine-based markers (NTX-u) [26].

Table 3 Characterization of the subjects studied according to their bone metabolism

Variables Preoperative 1-year follow-up p-value
Serum calcium (mg/dL) 9.3+0.5 9.20+0.4 0.418
24-h urinary calcium (mg/24 h) 167.0 (83.7-279.2) 156.0 (115.7-227.5) 0.395
25-OH-vitamin D (pg/dL) 11.7 (9.7-18.0) 15.7 (10.3-23.7) 0.327
Alkaline phosphatase (U/L) 96.7+£46.3 78.9+£24.7 0.113
PTH (pg/mL) 455+16.8 62.7+28.9 0.026
NTX-s (nM BCE) 16.4%3.5 38.2+7.1 <0.001

Results are expressed as mean + SD or median (P 25-75). The value of P is the minimum level of significance of the paired #-test for the comparison

between pre- vs. postoperative Roux-en-Y gastric bypass

iPTH parathyroid hormone, NTX-s serum collagen-type I N-telopeptide, nM BCE nM bone collagen equivalents, BMD bone mineral density
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Further, Eastell et al. showed that NTX-s can be a good
marker for monitoring of bone resorption [26].

As we previously reported, most of our patients had a
deficiency of serum vitamin D levels in the preoperative
period [31], which were lower than the initial vitamin D levels
recorded in other research [8, 23, 32]. In the postoperative
period, the vitamin D levels of our patients increased by 50 %
through the use of a multivitamin supplement and regular
doses of cholecalciferol. However, these levels were still
lower than those observed in the postoperative period of the
previously mentioned studies [8, 23]. We suspect that a few
reasons account for the lower vitamin D levels found in our
patients. First, the characteristics of patients vary from study to
study, and different serum vitamin D levels vary across differ-
ing age groups, genders, body fat distributions, and smoking
habits [33]. Second, it is known that vitamin D levels are
associated with sun exposure, which is often lower in obese
patients due to lack of outdoor activity [34, 35]. Third, obese
patients often suffer from systemic inflammation, which may
interfere with vitamin D metabolism [33, 36]. This research
reinforces the importance of strict supplementation of vitamin
D in the postoperative period following RYGB surgery in
doses well above the recommended daily allowance [37] to
achieve beneficial effects on BMD [38].

Additionally, the intake of calcium and phosphorus
among our patients following surgery did significantly de-
crease below the recommended daily intake [37], and this is
another important risk factor in BMD loss [39]. Other stud-
ies confirm decreased intake of calcium following RYGB
surgery, which can persist up to 8 years after surgery
[40—42]. In contrast, Fleischer et al. showed that, with
additional micronutrient supplementation, an increase of
calcium and phosphorus intake can be achieved [8].

We would like to acknowledge the limitations of our
study. As with other prospective studies in bariatric surgery
evaluating BMD, the sample size of our study is limited.
The primary limitation to patient participation relates to the
fact that DXA equipment is often unable to measure patients
exceeding a weight of 150 kg. Furthermore, we experienced
a high postsurgery attrition rate, which is similar to other
obesity studies [43, 44]. Moreover, a high prevalence of
vitamin D deficiency was observed in the preoperative
evaluation, which could account, at least in part, for the
bone mineral density reduction observed in our bariatric
surgery patients. However, the clinical characteristics and
lab results of both groups were similar, which reinforces our
belief that our findings were not skewed by patient attrition.

Conclusion

Our study provides preliminary evidence that women with
class II and IIT obesity may have early increases in bone

resorption and bone mineral density loss 1 year following
RYGB surgery. Calcium malabsorption caused by vitamin
D deficiency and increased bone resorption are partially
responsible for these outcomes and thus should be measured
in future clinical trials involving a larger number of patients
being submitted to bariatric surgery. We suggest that routine
follow-up measurements should be performed to monitor
changes in patient bone metabolism and bone mineral den-
sity over time.
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