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Abstract
Background Roux-en-Y gastric bypass is associated with increased risk of bone fractures. Malabsorptive procedures may be
associated with secondary hyperparathyroidism and detrimental effects on bone health. We aimed to compare the effects of
standard and distal gastric bypass on bone turnover markers 2 years after surgery.
Methods Patients with body mass index (BMI) 50–60 kg/m2 (n = 113) were randomized to standard or distal gastric bypass, 105
patients (95%) completed 2-year follow-up. Serum C-terminal telopeptide of type I collagen (CTX-1), procollagen type I Npropeptide (PINP), and bone-derived alkaline phosphatase (BALP) was measured at baseline and up to 2 years after surgery.
ANCOVA and linear mixed models were used to compare groups.
Results The levels of bone turnover markers increased significantly in both groups, with no statistically significant difference
between groups. Two years after standard and distal gastric bypass mean (SD) CTX-1 were 0.81 (0.32) and 0.83 (0.31) μg/L (p =
0.38), mean PINP was 77.6 (23.2) and 77.7 (29.3) μg/L (p = 0.42), and BALP 47.9 (21.9) vs. 50.7 (19.6) μg/L (p = 0.38),
respectively. Multiple linear regression analyses showed that PINP and BALP correlated positively (p = 0.01 and p < 0.001) with
PTH, but only BALP was significantly higher in patients with secondary hyperparathyroidism (p = 0.001). Type of surgery,
vitamin D serum concentrations, and 2-year BMI were all independently associated with PTH levels.
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Conclusion A comparable increase in bone turnover markers 2 years after standard and distal gastric bypass was observed. There
was a higher prevalence of secondary hyperparathyroidism after distal gastric bypass, but this did not impact bone turnover
markers.
Trial Registration Clinical Trials.gov number NCT00821197.
Keywords Bariatric surgery . Gastric bypass . Malabsorptive . Bone

Introduction

Material and Methods

Roux-en-Y gastric bypass (RYGB) has been the gold standard of surgical treatment of morbid obesity due to low
morbidity and mortality rates and sustained weight loss
and benefits on (or to) health-related quality of life and
comorbidities [1].
RYGB seems, however, to be associated with an increased risk of fractures. The negative impact on bone
health appears to be more prominent after malabsorptive
bariatric procedures [2–5]. The mechanism of the increased fracture risk is unknown but is probably multifactorial. Reduced mechanical skeletal loading following
weight loss induces loss of bone mass, but bone mass also
seems to decline after weight stabilization [6]. Disturbed
calcium homeostasis and vitamin D deficiency are associated with changes in bone mass and bone quality [7, 8].
Bone turnover is affected by hormonal changes in parathyroid and gastrointestinal hormones [9].
Estimation of bone mass density (BMD) by dual-energy
absorptiometry is the gold standard for evaluation of bone
quality [10], although low BMD is only a modest risk factor
for fractures [11]. BMD, bone architecture, and bone material
properties act in symphony to define bone quality and thus
skeletal resistance to fracture. Bone quality is affected by bone
turnover [12], the process of constant bone resorption and
formation, and can be quantified by biochemical markers of
bone health also used for the monitoring of treatments [13].
The optimal limb lengths in RYGB are not established, and
few randomized studies have addressed varying intestinal
limb lengths after RYGB [14–17]. The distal RYGB used in
this study had a short common channel (distance from the
entero-entero anastomoses to the ileocecal valve). We have
previously shown that this variant of distal RYGB was associated with a higher prevalence of secondary hyperparathyroidism than standard RYGB [18]. To our knowledge, the
effects of distal RYGB on bone turnover markers have not
been reported.
The primary aim of this sub-study of the Vestfold and
Aker Randomized long-limb versus distal Gastric bypass
study (VARG study) was to compare bone turnover
markers 2 years after standard and distal RYGB. Our hypothesis was that distal RYGB would lead to higher levels
of bone turnover markers, as a result of the increased
prevalence of secondary hyperparathyroidism.

Trial Design and Participants
The design and methodology in this double-blind randomized controlled clinical trial have previously been described [19]. Briefly, all referred patients aged 18 to
60 years with a body mass index (BMI) of 50 to 60 were
assessed for inclusion at two tertiary care centers for bariatric surgery in Norway between May 2011 and April
2013.
The study is approved by the Regional Ethics Committees
for Medical and Health Research (S-08466d) and registered at
clinicaltrials.gov (NCT00821197). All patients provided
written and informed consent.

Interventions and Follow-Up
A low-calorie diet (approximately 1000 kcal/day) 3 weeks
prior to surgery was advised to all patients. An antegastric
antecolic Roux-en-Y configuration with a gastric pouch of
about 25 mL and a biliopancreatic limb of 50 cm was
constructed during both procedures. The standard RYGB
included an alimentary limb of 150 cm, whereas the distal
RYGB had a common channel of 150 cm. Identical vitamin and mineral supplementations were prescribed and
consisted of daily supplementation with one tablet multivitamin (including 400 IU vitamin D3), 1000 mg calcium
carbonate/800-IU vitamin D 3 , iron, and vitamin B 12 .
Baseline examination was performed prior to the lowcalorie diet, and follow-up at 6 weeks, 6 months, 1 year,
and 2 years after surgery.

Prespecified Outcomes
The primary outcome of this study was levels of bone turnover markers 2 years after surgery. Secondary outcomes were
associations with bone turnover markers, and weight loss,
dietary supplementation, and biochemical analytes.
Exploratory outcomes included differences between patients
with or without secondary hyperparathyroidism at 2 years.
Secondary hyperparathyroidism was defined as PTH ≥
7.1 pmol/L and the absence of hypercalcemia.
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Bone Turnover Markers
Markers of bone turnover in blood reflect the metabolic activity
of bone. Procollagen type I N propeptide (PINP) is a peptide at
the end of type I collagen cleaved during bone matrix formation
and released into the circulation by osteoblasts. Bone-specific
alkaline phosphatase (BALP) is synthesized by osteoblast during bone formation and is presumed to be involved in the calcification of bone matrix. Bone resorption markers are degradation products of type I collagen, and serum collagen type 1 ctelopeptide (CTX-1) is a cross-linking telopeptide released into
serum by osteoclasts during bone resorption.

Laboratory Analysis
Venous blood samples were obtained after an overnight fast.
Serum CTX-1, BALP, PINP, parathyroid hormone (PTH),
25(OH) vitamin D (vitamin D), and ionized calcium were
analyzed at the Hormone Laboratory, Oslo University
Hospital. See Supplementary Table 1 for variation coefficients
and reference ranges.
Serum CTX-1 and PINP were measured using electrochemical luminescence immunoassay (ECLIA) on a Roche
Diagnostics Modular E170 or Cobas e601 automated analyzer. The reported values of serum BALP until February 2014
were analyzed with enzyme immunoassay (EIA) (Metra
Biosystems Inc., Mountain View, CA, USA); measurements
from March 2014 were analyzed with ECLIA (Dia-Sorin,
Stillwater, MN, USA) and transformed to corresponding
values using a validated regression algorithm (not shown).
Serum vitamin D was analyzed by radioimmunoassay
(Dia-Sorin, Stillwater, MN, USA), until October 2012 and
thereafter with liquid chromatography-mass spectrometry.
The measurements of the two analytic methods were standardized according to the vitamin D standardization program [20].
Serum PTH was analyzed by a chemiluminoimmunometric
assay (Immulite 2000 XPI, Siemens Healthcare Diagnostics,
CA, USA).
Serum ionized calcium was analyzed with a Rapidlab 348
analyzer (Instru-Med Inc., GA, USA), until January 2012,
thereafter a Cobas b221 (Roche Diagnostics GmbH,
Germany). Values of ionized calcium from Rapidlab 348 measurements were transformed to corresponding values of Cobas
b221 using a validated regression algorithm (not shown).
Serum levels of albumin, total protein, C-reactive protein,
potassium, phosphate, magnesium, and total alkaline phosphatase (ALP) were analyzed at both Oslo University
Hospital and Vestfold Hospital Trust.

Sample Size
The trial sample size was determined to detect a difference in
change in BMI of 3.0 kg/m2 or more at 2 years. We estimated
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that 88 patients would give a power of more than 80% to
detect such a BMI difference as statistically significant at
2 years (α = 0.05). To allow for possible dropouts, a total of
113 patients were included.

Statistical Analyses
Continuous variables are presented as mean and standard deviation (SD), categorical variables with counts (n), and percentages. Point estimates from the mixed model analysis are
presented as means with 95% confidence intervals (CIs).
Repeated measurements were analyzed using linear mixed
models with an unstructured covariance matrix, controlling
for gender and age. Each model contained fixed effects for
treatment, time (measured in weeks after surgery), treatment
× time interaction, and a random intercept. Using these linear
mixed models, we estimated mean treatment group values
with 95% CIs.
Pairs of categorical variables were assessed using Fisher’s
exact test. Group comparison of patients with secondary hyperparathyroidism was performed using analysis of covariance (ANCOVA) controlling for baseline differences,
Students t test for total weight loss and Fisher’s exact test for
categorical variables.
The relationship between PTH, CTX-1, PINP, and BALP
as dependent variables and potential associative factors was
analyzed using multiple linear regression analysis. First, all
independent variables were analyzed using univariate regression. Second, a multiple regression model analysis with all
independent variables and backward stepwise elimination
(p < 0.10) was performed. Standardized beta (SB) is reported
for comparison of effect sizes.
All tests were two-sided and p values < 0.05 were considered statistically significant. IBM SPSS Statistics for
Windows, Version 23.0, was used for the statistical analyses.

Results
Participant Characteristics
One hundred eleven patients were included and 105 patients
(95%) completed the 2-year follow-up (see Fig. 1 for details).
Baseline and 2-year demographics, anthropometrics, and laboratory findings are listed in Table 1.

Primary Outcomes
There was no statistical difference in the level of bone turnover markers between groups 2 years after surgery (Table 1).
Table 2 shows the percentage increase from baseline in mean
values from linear mixed models of CTX-1, PINP, and BALP.
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Fig. 1 Flow of patients through
recruitment and follow-up

1603 Accepted for bariatric surgery
and screened for eligibility

1480 Excluded
1405 Did not meet inclusion criteria
39 Refused to participate
36 Other reason

123 Randomized

61 Allocated to proximal gastric bypass

4 Did not receive intervention
2 Withdrew consent
2 Excluded perioperatively
due to presence of exclusion
criteria not revealed at
inclusion

62 Allocated to distal gastric bypass

6 Did not receive intervention
3 Withdrew consent
1 pregnant
1 intercurrent illness
1 accident

57 Received intervention as randomized
1 excluded due to primary PHT
56 Included

56 Received intervention as randomized
1 excluded due to primary PHT
55 Included

55 Completed follow-up at 6 weeks
1 Lost to follow-up

55 Completed follow-up at 6 weeks

55 Completed follow-up at 6 months
1 Lost to follow-up

55 Completed follow-up at 6 months

54 Completed follow-up at 1 y
1 Lost to follow-up
1 Excluded due to pregnancy*

53 Completed follow-up at 1 y
1 Dead
1 Excluded due to pregnancy*

53 Completed follow-up at 2y
2 Lost to follow-up
1 Excluded due to pregnancy*

52 Completed follow-up at 2 y
1 Dead
2 Excluded due to pregnancy*

56 Included in the overall analyses
53 available for analysis at 2y

55 Included in the overall analyses
52 available for analysis at 2y

*Excluded at that mepoint only

There were no significant differences between surgical groups
at any time point.
Estimated mean values from mixed models for CTX-1,
PINP, BALP, PTH, vitamin D, and ionized calcium over time
are given in Fig. 2. The only notable difference between the
procedures was the larger increase in PTH after distal RYGB
and a lack of increase in vitamin D levels.

CTX-1 and PINP, while serum levels of PTH correlated positively with BALP and PINP. Phosphate was independently
correlated with CTX-1, but not with the other markers. Type
of surgery, vitamin D levels, BMI at 2 years, and adherence to
calcium supplementation were independently associated with
PTH at 2 years (Table 3).

Exploratory Outcomes
Secondary Outcomes
Multiple linear regressions demonstrated that the type of surgery was not correlated with CTX-1, PINP, or BALP
(Supplementary Table 2a–c). Weight loss and adherence to
calcium supplementation were independently correlated with

Patients with and without secondary hyperparathyroidism are
presented in Table 4. Ionized calcium was lower among patients with secondary hyperparathyroidism, whereas vitamin
D did not differ significantly between groups. Mean BALP,
but not CTX-1 and PINP, was significantly higher in the group
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Observed baseline and 2-year data by treatment group
Baseline

2 years

Standard gastric
bypass
n

Distal gastric
bypass
n

Standard gastric
bypass
n

Distal gastric
bypass
n

p value

Demographics
Age, baseline, years(SD)
Gender, female, no. (%)

56
56

38.5 (9.3)
35 (63%)

55
55

41.5 (8.4)
37 (67%)

–
–

–
–

–
–

Ethnicity, caucasian, no. (%)

56

56 (100)

55

54 (98)

–

–

–

Anthropometrics
Height, cm (SD)

56

173.3 (9.6)

55

170.8 (9.2)

–

–

Weight, kg (SD)
BMI, kg/m2 (SD)
TWL, % (SD)
Fasting laboratory values

56
56

160.6 (19.9)
53.3 (2.6)
–

55
55

156.6 (16.4)
53.6 (3.3)
–

53
53
53

103.9 (19.8)
34.8 (6.2)
34.9 (10.8)

52
52
52

103.4 (13.5)
35.6 (4.2)
33.9 (7.8)

0.73a
0.41a
0.57b

Vitamin D, nmol/L (SD)
Calcium, ionized, mmol/L (SD)
Magnesium, mmol/L (SD)
Phosphate, mmol/L (SD)
Albumin, g/L (SD)
Total protein, g/L (SD)
C-reactive protein, mg/L (SD)
Alkaline phosphatase, U/L (SD)
PTH, pmol/L (SD)
CTX-1, μg/L (SD)
PINP, μg/L (SD)
BALP, μg/L (SD)
Hyperparathyroidism
Secondary, no. (%)

56
54
56
56
56
56
56
56
56
56
56
56

46.8 (20.2)
1.20 (0.04)
0.84 (0.06)
1.04 (0.15)
43.5 (3.1)
72.7 (4.4)
12.8 (9.8)
82.9 (18.8)
5.7 (3.4)
0.34 (0.16)
45.6 (15.8)
32.2 (7.1)

54
51
55
55
55
54
55
55
54
55
55
55

46.4 (18.0)
1.21 (0.04)
0.83 (0.07)
1.04 (0.14)
43.0 (2.8)
71.6 (3.6)
15.2 (24.2)
80.2 (22.8)
5.8 (4.0)
0.31 (0.17)
41.7 (13.1)
32.5 (9.1)

52
50
53
53
53
53
53
53
53
53
53
53

57.3 (21.4)
1.20 (0.04)
0.85 (0.06)
1.12 (0.14)
43.0 (3.8)
68.7 (4.9)
2.0 (1.6)
85.0 (26.1)
6.3 (3.1)
0.81 (0.32)
77.6 (23.2)
47.9 (21.9)

51
48
51
51
51
51
51
51
51
52
52
52

48.5 (21.4)
1.19 (0.03)
0.84 (0.05)
1.10 (0.14)
41.4 (3.2)
66.4 (4.1)
2.2 (2.8)
85.5 (23.3)
8.3 (3.6)
0.83 (0.31)
77.7 (29.3)
50.7 (19.6)

0.02a
0.18a
0.19a
0.88a
0.02a
0.01a
0.95a
0.83a
0.01a
0.38a
0.42a
0.38a

56

11 (20)

55

12 (22)

53

18 (34)

52

31 (60)

< 0.01c

a

–

Mixed model analysis adjusted for age and gender (p values)

b

ANOVA (p values)

c

Fisher’s Exact (p values)

BMI, body mass index; TWL, total weight loss; PTH, parathyroid hormone; CTX-1, collagen type 1 C-telopeptide; PINP, procollagen type 1 N-terminal
propeptide; BALP, bone-derived alkaline phosphatase

with secondary hyperparathyroidism. There were 29 (51%)
females with normal PTH, and 38 (78%) females with secondary hyperparathyroidism (p < 0.01). The mean percentage of
total weight loss was lower in patients with secondary hyperparathyroidism (p < 0.01).

PINP. Despite a significant increase in the prevalence of secondary hyperparathyroidism, this did not affect changes in
bone turnover markers. Our exploratory analysis of bone turnover markers in patients with secondary hyperparathyroidism
showed only increased BALP in this group, with no significant difference in levels of CTX-1 and PINP.

Discussion

Possible Mechanisms and Explanations

In contrast with our primary hypothesis, the levels of bone
turnover markers did not differ significantly between treatment groups 2 years after surgery. However, increasing weight
loss and non-adherence to calcium supplementation were associated with higher levels of CTX-1 and PINP, and increased
PTH was associated with increasing levels of BALP and

Although there was no difference in bone turnover markers
between the two procedures, there were significant differences
in the levels of PTH and the prevalence of secondary hyperparathyroidism. Vitamin D and calcium supplementation are
recommended after RYGB to reduce the risk of secondary
hyperparathyroidism [21]. We observed an increase in the
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Table 2 Percentage increase from
baseline of bone turnover markers
from mixed model analysis at all
time points

Percentage increase from baseline at
6 weeks

6 months

1 year

2 years

CTX-1, μg/L
Standard

111

189

171

129

(95% CI)
Distal

94–129
121

162–211
197

146–197
203

106–151
158

(95% CI)

103–139

172–224

176–230

133–185

n.s.

n.s.

n.s.

n.s.

Standard
(95% CI)

33
21–45

81
67–95

97
79–115

67
52–83

Distal

45

76

100

85

(95% CI)
p value

32–58

61–90

81–120

69–101

10

28

27

50

2–18
3
− 6–11
n.s.

17–38
20
10–31
n.s.

14–39
36
23–48
n.s.

32–67
57
40–74
n.s.

p value
PINP, μg/L

BALP, μg/L
Standard
(95% CI)
Distal
(95% CI)
p value

Percentage calculated from estimated means from mixed model adjusting for age and gender
CTX-1, collagen type 1 C-telopeptide; PINP, procollagen type 1 N-terminal propeptide; BALP, bone-derived
alkaline phosphatase

mean levels of vitamin D after a standard but not after distal
RYGB, indicating that the recommended level of supplementation may be too low for these patients [22, 23]. Low adherence to calcium supplementation was associated with increased serum levels of CTX-1, PINP, and PTH. Seasonal
variations in sun exposure can affect vitamin D levels but
are unlikely to impact the between-group findings of our study
due to the randomized controlled design.
Both procedures bypass the duodenum and proximal jejunum, the predominant site of active vitamin D-mediated calcium uptake. The length of small bowel exposed to nutrients is
similar after both procedures; however, the long alimentary
limb without digestive enzymes after distal RYGB could reduce the bioavailability of calcium. Calcium is secreted with
bile, most of which is reabsorbed. After distal RYGB, the
small bowel exposed to bile is shortened significantly, possibly resulting in less reabsorption. This intestinal loss of calcium could lead to upregulation of PTH and secondary hyperparathyroidism. Other studies have shown left-shifted calcium
distribution, corresponding to a state of relative calcium insufficiency [24]. The two procedures could induce different dietary habits. Without standardized evaluation of dietary intake,
however, this remains unknown.
The levels of bone turnover markers were comparable in
both groups despite the difference in PTH. The reason for this
remains unclear, but both groups had similar weight loss, and

the length of the biliopancreatic limb was identical. Although
levels of vitamin D were lower after distal RYGB, they are
probably over the threshold causing detrimental effects on
bone turnover. Potential negative effects of PTH on bone
health after distal gastric bypass might be offset by other
mechanisms such as gut hormones or changes in bile acids
protecting the bone. Glucagon-like peptide 1 (GLP-1) and
peptide tyrosine tyrosine (PYY) have been shown to have
direct effects on bone metabolism, where GLP-1 has an
insulin-independent anabolic effect on bone, and PYY direct
effects inhibiting osteoblasts [9]. Distal gastric bypass leads to
lower glucose, HbA1c, and LDL cholesterol despite similar
weight loss, potentially indicating different effects on bile
acids or gut hormones [18], but further studies are needed to
investigate this.
The findings of low levels of vitamin D, and increased
PTH, indicate that a certain level of malabsorption exists after
distal gastric bypass compared to a standard gastric bypass.
We therefore recommend that patients should follow-up more
closely after distal gastric bypass.

Comparison with Other Reports
Studies indicate an increased fracture risk after bariatric surgery, especially after malabsorptive procedures [2–4]. Most
studies on bone turnover markers after bariatric surgery have
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fig. 2 Modeled mean (95%CI) changes over time of serum levels of parathyroid hormone (PTH), vitamin D, ionized calcium, CTX-1, PINP, and BALP
after standard (n = 56) and distal (n = 55) gastric bypass

compared RYGB with sleeve gastrectomy, and no direct comparative studies with distal RYGB exist. Previously reported
increases in CTX-1 and PINP after RYGB are comparable

with our observations. [25, 26]. A study comparing RYGB
and intensive lifestyle intervention showed that the increase
in bone turnover markers was independently associated with

OBES SURG (2019) 29:2886–2895
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Associations with PTH (dependent) and independent variables 2 years after surgical treatment

Variable

Univariate analysis
B

Multivariate analysis

95% CI

p value

B

95% CI

1.95
0.05

0.65, 3.25
− 0.02, 0.13

< 0.01
0.16

1.37
–

0.49, 2.26
–

Gender

− 1.21

− 2.60, 0.18

–

–

BMI
Weight loss 2 years

0.22
− 0.06

0.09, 0.34
− 0.09, − 0.02

0.001
< 0.01

0.12
–

0.04, 0.20
–

− 45.93, − 10.28
− 0.07, − 0.01

< 0.01
0.01

–
− 0.03

–
− 0.05, − 0.01

Distal gastric bypass
Age

Ionized calcium
Vitamin D

− 28.10
− 0.04

0.09

SCB
0.20

p value
< 0.01
–
–

0.18

− 0.17

0.01
–
–
0.01

− 6.44, 18.24

0.34

–

–

–

Phosphate
Albumin

− 5.51
− 0.11

− 10.17, -0.84
− 0.31, 0.08

0.02
0.24

–
–

–
–

–
–

Calcium supplement
PTH baseline

− 0.97
0.66

− 2.49, 0.55
0.53, 0.79

− 1.04
0.63

− 2.03, − 0.04
0.51, 0.75

Magnesium

5.90

0.21
< 0.001

− 0.13
0.67

0.04
< 0.001

B, beta; CI, confidence interval; SCB, standardized coefficient beta; PTH, parathyroid hormone

both weight loss and surgery [5], indicating that bone turnover
is not solely a physiologic adaptation to weight loss.
Importantly, increased bone turnover has also been shown to
increase bone fragility [27, 28].
The weight loss after RYGB usually plateaus after 1 to
1 years. A recent study reported that osteocalcin and CTX-1
remained elevated 5 years after RYGB, indicating long-term
Table 4

disturbances [29]. We found a drop in levels of PINP and
CTX-1 between 1 and 2 years, while BALP continued to
increase. While BALP is dependent on bone mineralization,
CTX-1 and PINP are markers of bone collagen metabolism.
This difference might indicate that bone remodeling due to
weight loss plateaus, but changes in bone mineralization continue due to inadequate calcium levels. Long-term studies

Observed 2-year data for patients with normal PTH and with secondary hyperparathyroidism
Normal PTH*
n = 56

Secondary HPT*
n = 49

p value

Anthropometrics
Gender, female no.(%)
BMI, kg/m2 (SD)
Total weight loss, % (SD)
Age, years (SD)

29 (51)
33.6 (4.9)
62.3 (24.6)
41.3 (9.7)

38 (78)
37.0 (5.1)
47.7 (18.4)
42.8 (8.0)

< 0.01a
0.001b
< 0.01c
0.39c

Fasting laboratory values
Vitamin D, nmol/L (SD)
Calcium, ionized, mmol/L (SD)
Magnesium, mmol/L (SD)
Phosphate, mmol/L (SD)
CTX-1, μg/L (SD)
PINP, μg/L (SD)
BALP, μg/L (SD)
PTH, pmol/L (SD)

55.2 (20.8)
1.21 (0.03)
0.85 (0.05)
1.12 (0.14)
0.80 (0.31)
73.7 (23.4)
43.7 (12.5)
5.0 (1.4)

50.3 (22.7)
1.18 (0.04)
0.85 (0.06)
1.09 (0.15)
0.84 (0.31)
82.1(28.7)
55.8 (26.0)
10.0 (3.3)

0.33b
0.001b
0.45b
0.42b
0.22b
0.10b
0.001b
< 0.001b

a

Fischers Exact (p values)

b

ANCOVA (p values)

c

t test (p values)

*Normal PTH defined as PTH ≤ 7.0 pmol/L, secondary hyperparathyroidism as PTH ≥ 7.1 mol/L
PTH, parathyroid hormone; CTX-1, collagen type 1 C-telopeptide; PINP, procollagen type 1 N-terminal propeptide; BALP, bone-derived alkaline
phosphatase
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focusing on fracture risk and changes in bone mineral density
are needed to further explore this.
High prevalence of secondary hyperparathyroidism after
RYGB, and even higher after malabsorptive procedures, has
been reported [24, 30, 31]. In our study, only BALP was
increased in patients with secondary hyperparathyroidism
compared with patients with normal PTH at 2 years, while
multivariate analysis also showed correlation with PINP.
Previous studies have shown a correlation between CTX-1
and PTH after RYGB but not after sleeve gastrectomy [29].
Patients with secondary hyperparathyroidism had lower
weight loss than patients with normal PTH.
Hyperparathyroidism has previously been associated with
metabolic syndrome and increased risk of cardio-metabolic
disease [32], and this combined with a less favorable weight
loss outcome could reflect a high-risk population.
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Strengths and Limitations
Strengths include the randomized controlled design, standardized surgical procedures, and the high rate of follow-up. The
comparable weight loss in both groups provides an opportunity to investigate the effects of the surgery not impacted by
weight loss.
This study was not specifically powered to detect differences in bone turnover markers although this was a prespecified secondary endpoint. The follow-up was limited to
2 years, but bone remodeling could continue. Bone turnover
markers are surrogate markers of bone health and dual energy
absorptiometry was not performed. We have no information
on the menstrual status and limited information about medication. Systematic data on potential fractures during follow-up
was not retrieved, and standardized questionnaires on dietary
intake were not used.
Changes in laboratory analytic methods during the study
could have introduced some bias; however, ionized calcium
concentrations and BALP were analyzed at the same laboratory and values were compared using validated algorithms.
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