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Secondary hyperparathyroidism and vitamin D deficiency in patients
after laparoscopic sleeve gastrectomy

The purpose of this study is to investigate the vitamin D deficiency and secondary hyperparathyroidism (SHPT) in patients after lapa-
roscopic sleeve gastrectomy (LSG). The study is based on a review of medical records and clinical data collected from patients with morbid
obesity after laparoscopic sleeve gastrectomy.

The materials and methods. A total of 79 patients (without SHPT at the baseline) after LSG were included in the study, with a mean
age of 40,7+11,4 years. All patients were divided into 2 groups depending on the receipt of additional vitamin and mineral therapy in the
postoperative period. The first group (n=38) who did not receive additional therapy in the postoperative period. The second group (n=41) who
received vitamins and trace elements (cholecalciferol 2 000 [U, calcium 1,000 mg and a multivitamin 1 tablet per day). Anthropometric param-
eters, ionized calcium (Ca2+), 25 hydroxycalciferol (25(OH)D), parathyroid hormone (PTH), were compared before and 1 year after LSG.
The prevalence of vitamin D deficiency (< 20 ng/ml) and secondary hyperparathyroidism (> 88 pg/mL) at different time points was calculated.

Results. The median 25(OH)D levels in both groups were within normal limits, but in the first group the median was statistically signifi-
cantly lower compared to the median of the same indicator in the second group (p=0.001). The number of cases of vitamin D hypovitaminosis
was statistically significantly higher in the first group, 17 vs 5 patients, respectively (p=0.003). The overall prevalence of SHPT was recorded
in 14 (17.7%) patients included in this study, with a statistically significant majority of cases in the first group 12 vs. 2 (p=0.005) patients,
respectively. Post-operatively, PTH levels had a strong significant inverse relationship with 25(OH)D and Ca2+ levels (p<0.001).

Conclusion. Patients after laparoscopic sleeve gastrectomy have a risk of secondary hyperparathyroidism and vitamin D deficiency in
the postoperative period. The higher levels of parathyroid hormone post laparoscopic sleeve gastrectomy significantly related to vitamin D
deficiency and lower calcium levels. Additional vitamin and mineral therapy in the postoperative period after laparoscopic sleeve gastrectomy
significantly reduces the risk of developing secondary hyperparathyroidism and vitamin D deficiency. This study also emphasizes the
importance of routine testing for hyperparathyroidism and vitamin deficiency after laparoscopic sleeve gastrectomy.

Key words: Bariatric surgery, obesity, laparoscopic sleeve gastrectomy, ionized calcium, 25 hydroxycalciferol, parathyroid hormone,
vitamin D deficiency, secondary hyperparathyroidism.
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BropunHuii rinepnaparupeo3 Ta HegoCTaTHICTD BiTaminy D y nanienris
NiCJIfA JIANAPOCKOMIYHOI PyKaBHOI pe3eKuii NITyHKa

Merta pocaizxenns. Buuntu HenocratHicTs Bitaminy D ta Bropunnmii rinepnaparupeos (BI'TIT) y manieHTiB micis JanapockonigHol
pykaBHoi pe3ekuii mnynka (JIPPLL). JlocximkeHHs IPYHTYEThCS Ha aHAITi31 MEIMYHOI IOKyMEHTAIlii Ta KIiHIYHUX JaHNX 3i10paHuX y MalieHTiB
13 MOPOITHIM OXKHPIHHAM TTiCIIS JIAMApOCKOMIYHOT PyKaBHOT pe3eKil MITyHKa.

Marepiaau Ta Metoau. B nane nocnimkenns 6yno Biimtoueno 79 namientis (6e3 BITIT no omepauii) micns JIPPIL, cepenniit Bik sKux
cranoBuB 40,7+11,4 pokiB. Bci mamienTkd Oyau po3mofisieHi Ha 2 TPyIH 3aJI€KHO BiJl OTPMMAHHS J0JATKOBOI BiTAMiHHO-MiHEPAIBHOI
Tepariii B micisonepauniiinomy nepioxi. [lepmua rpyma (n=38), ki He OTpUMyBaHN JOAATKOBOI Teparii B micisonepaniiiHomy nepioxi. Ipyra
rpyna (n=41), 1ki oTpuMyBaIH BiTaMiHM Ta MikpoeneMeHTH (xonekanbiudepon 2 000 MO, kanpwii 1 000 Mr ta noniBitaMiHHKH npenapar
1 tabnerka Ha 100y). AHTPONIOMETPUYHI IOKa3HHMKH, piBeHb ioHi3oBaHoro kaiublito (Ca2+), 25-rinpoxcukansuudepory (25(0OH)D),
naparropmony (I1TT") ananisysamm o Ta wepe3 1 pik micis JIPPIIL. Henocrarnicts Bitaminy D xorcTaryBamu npu 3uagenni 25(OH)D menmre
20 Hr/mi Ta BTOpHHHUI rinepraparupeos npu pisHi [T 6inbire 88 mr/mi.

Pesyasratu. Meniana piBas 25(OH)D B 00o0x rpynax Oyna B Mexax HOpPMH, IIpOTE€ y Nepuiiil rpymi MediaHa Oyna CTaTHCTHYHO
JIOCTOBIPHO HIDKYOIO MOPIBHSHO 13 MEIiaHOIO IHOTO K MOoKa3HuKa y Apyrii rpymi (p=0,001). KinpkicTs BUNaakiB rimoBitaMino3y Bitaminy D
Oyna CTaTUCTHYHO JOCTOBIPHO BHILOKO Y mepiiiif rpymi, 17 mpotu 5 maniedTi BignosiaHo (p=0,003). 3aransha nommupenicts BITIT Gyna
3adikcoBana y 14 (17,7%) mamieHTiB, siki OyJu BKJIFOYCHI B JIaHE JTOCIIDKCHHS, 31 CTATUCTHYHO 3HAYYIIOK OUIBIIICTIO BUMAIKIB Y TEPIIii
rpymi — 12 mpotu 2 (p=0,005) mauienTiB BignosiaHo. [licns onepauii piBers [ITI" MaB crbHHIT TOCTOBIpHUI 3BOPOTHIH 3B'S30K 13 PiBHAMHA
25(OH)D Ta Ca2+ (p<0,001).

BucnoBok. [lamieHnTn micis JanapocKomivHOi pyKaBHOI pe3eKUil NUTyHKa MaloTh PU3HMK PO3BUTKY BTOPHHHOTO TilleprapaTHpeosy Ta
nedinuty Bitaminy D y micnsionepauiiinomy nepioai. [liTBUIIeHHS piBHS TapaTrOpMOHY ITiCHIs JIAMapOCKOMIYHOT PyKaBHOT pe3eKiil MuTyHKa
CTaTHCTHYHO JOCTOBIPHO MOB's3aHe i3 gedimuToM BitamiHy D Ta 3HIKSHHSIM piBHS Kaiblifo. JlofarkoBa BiTaMiHHO-MiHEpaibHa Teparis
y micnsonepaniifHoMy Iepiofi MiCis JanapocKOMiYHO! pyKaBHOI pe3eKIlii IITyHKa JOCTOBIPHO 3HIKYE PU3HK PO3BHTKY BTOPHHHOTO
rinepmaparupeosy Ta aedinuty Bitaminy D. Lle mocmimkeHHS TakoX MiAKPECTIOE BXKIUBICTh PYTHHHOTO TECTYBaHHS Ha TileprapaTupeos Ta
BiTaMiHHY HEOCTATHICTh MICJIsl JaNapoCKOMYHOT PyKaBHOI pe3yKIlii HITyHKa.

KumrouoBi cmoBa: OapiarpuyHa Xipypris, OXHpIHHS, JIaapOCKONiYHA pyKaBHA pE3eKLis NLTyHKa,
25-riipokcuKaIbIu(epo, MapaTrOpMOH, HEAOCTATHICTD BiTaMiHy D, BTOpUHHHII TineprnapaTtipeos.

1OHI30BAHUN  KaJIBIIii,

Introduction. Over the past decades, the problem of
obesity has grown to pandemic levels around the world
[1]. Numerous meta-analyses have confirmed the benefits
of bariatric surgery over conservative methods of treating
obesity. After surgery, it is possible to achieve a stable
long-term weight loss and compensation for comorbidities
associated with obesity [2].

In general, bariatric surgeries are classified as restrictive,
malabsorptive, and combined, depending on the surgical
procedure performed on the stomach and the bypass stage
on the small intestine. Sleeve gastrectomy is a restrictive
procedure. Since 2014, it has become the most performed
bariatric procedure on all continents [3].

Unfortunately, in addition to a positive result in weight
loss and compensation for associated comorbidities, in
the long-term postoperative period, most patients after
malabsorptive and combined bariatric surgery may suffer
from deficiencies of vitamins and minerals, including
calcium, vitamin D, vitamin B12, iron, folic acid, copper,

selenium, and zinc. These deficiency conditions can lead to
a cascade of metabolic disorders in the organism, that can
lead to severe reversible damage to the organism [4].

Although sleeve gastrectomy does not have an intestinal
bypass component, it preserves the passage of food and
nutrients through the duodenum and proximal jejunum,
but deficiency conditions can occur due to a decrease in
food intake and accelerated evacuation from the stomach
[5]. Moreover, it has already been confirmed that obesity
itself may be associated with abnormal levels of certain
microelements and hormones, in particular vitamin D,
calcium and parathyroid hormone (PTH) [6]. It has also
been reported that weight loss is the risk factor for bone
loss and can significantly increase the probability of
pathological bone fractures [7].

Several studies have analyzed the relationship between
bariatric surgery and the development of secondary
hyperparathyroidism (SHP), which is the result of
calcium malabsorption. Thus, the incidence of secondary
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hyperparathyroidism in patients after Roux-en-Y gastric
bypass (RYGB) occurs in 40% of cases, and in patients
after biliopancreatic diversion this rate can be 100% [8].

SHPT due to increased calcium resorption from bones
can lead to osteopenia, osteoporosis and osteomalacia
over time. Reduced bone density, especially in overweight
patients, leading to pathological bone fractures, resulting in
increased rates of invalidization of this category of patients.

The literature describes incidents of vitamin D
hypovitaminosis and SHPT after bariatric surgery, but most
publications are focused on the analysis of results after
malabsorptive surgery. At the same time, there are currently
few publications regarding this pathological condition after
LSG.

The aim of the study. To analyze the effect of
sleeve gastrectomy on the development of vitamin D
hypovitaminosis and secondary hyperparathyroidism
1 year after surgery.

Materials and methods. This retrospective study was
based on the analysis of the results of treatment of 79 obese
patients who underwent laparoscopic sleeve gastrectomy
(LSG).

The inclusion criteria were: 1) patients' age from 19
to 70 years; 2) BMI from 35 to 70 kg/m?; 3) preoperative
levels of vitamin D, ionized calcium and parathyroid hor-
mone within normal limits; 4) absence of organic pathol-
ogy according to ultrasound of the parathyroid glands;
5) patients strictly followed the recommendations for diet
and additional therapy of vitamins and trace elements in the
postoperative period; 6) written consent to the processing
of personal data was obtained.

Exclusion criteria: 1) patients who had a preoperative
abnormality of one of the indicators (vitamin D, ionized
calcium or parathyroid hormone); 2) concomitant pathol-
ogy that could affect calcium-phosphorus metabolism,
including chronic kidney disease and type 2 diabetes mel-
litus; 3) postmenopausal women; 4) complications that
occurred in the early postoperative period.

The patients included in this study were divided into
2 groups depending on the receipt of additional vitamin
and mineral therapy in the postoperative period. Thus,
the first group of the study included 38 patients who did
not receive additional therapy in the postoperative period
after LSG. The second group included 41 patients who
received vitamins and trace elements (cholecalciferol
2 000 IU, calcium 1,000 mg and a multivitamin 1 tablet
per day) after LSG.

The data evaluated (except for age and sex) included:
preoperative body weight, body mass index (BMI), and
excessive body weight (EBW); postoperative body weight,
BMI, percentage of excessive body weight loss (Y0EBWL),
and percentage of total body weight loss (% TBWL). Body
weight and excess body weight in kilograms (kg), BMI in
kg/m?, %BWL and %TBWL in percent.

Laboratory parameters analyzed in this study were
ionized calcium (Ca2+) (mmol/L), 25 hydroxycalciferol
(25(OH)D) (ng/mL) and parathyroid hormone (PTH)
(pg/mL).

Laboratory studies were performed using an EasyLyte
Calcium biochemical analyzer (Medica, USA) and a CL-
10001 chemiluminescence analyzer (Mindray, China).

The diagnosis of secondary hyperparathyroidism
(SHPT) was made in case of elevated PTH levels above
88 pg/ml. Hypovitaminosis of vitamin D was diagnosed in
case of 25-hydroxycalciferol decrease below 20 ng/ml. The
normal level of ionized calcium was in the range of 1.11—
1.33 mmol/L.

Anthropometric and laboratory parameters were evalu-
ated before surgery and 1 year after surgery.

The technique for performing LSG was the same in the
study groups. The traditional scheme of trocar placement
was used to perform the operation. After the formation of
the pneumoperitoneum, the first step was to mobilize the
stomach. Using the LigaSure electrosurgical instrument on
a 12 mm (36 Fr) calibration probe, the great curvature and
the bottom of the stomach were mobilized with electrical
ligation of the gastric branches of the right and left gastro-
esophageal vessels, short vessels and the posterior gastric
artery with the obligatory crossing of the gastroduodenal
ligament and visualization of the left leg of the diaphragm.
The latter is a criterion for the adequacy of mobilization
in the gastric floor. The initial level of mobilization of the
large curvature was at a distance of 4 cm from the pylo-
rus. After that, the calibration probe was passed into the
duodenum and its position along the minor curvature was
ensured. A staged vertical gastric resection was performed
using the Endo GIA linear suturing device (Medtronic).
The gastric resection was performed on a 12 mm (36 Fr)
calibration probe from a level of 4 cm from the pylorus (the
initial point of mobilization) to the angle of Hiss, ensuring
a gastric tube width of up to 2 cm and a controlled retreat of
the staple suture line from the esophagogastric junction by
1 cm. The resection stage of the operation was performed
with moderate lateral traction of the large curvature of the
stomach by the assistant strictly behind the line of its mobi-
lization. During the operation, each patient was tested for
gastric tube leakage with methylene blue solution through a
nasogastric tube and the operation was completed by drain-
age of the abdominal cavity.

Statistical processing methods. Statistical data pro-
cessing was performed using the methods of variation and
descriptive statistics using the SPSS Statistics statistical
analysis package: An IBM Company, version 23. Before
starting the data analysis, all indicators were checked for
normality of distribution using the Shapiro-Wilcoxon test
and for equality of variances using the Levene's criterion.
Descriptive statistics were used in the study: mean (M) and
standard deviation (SD) (for normal distribution) or median
(Me) and interquartile range [25-75%)] (for non-normal
distribution). Statistically significant differences in relative
values were assessed using the x? Pearson's square test with
the Yates correction. To evaluate statistically significant
differences in the mean values of quantitative traits subject
to the law of normal distribution, parametric methods of
evaluation in independent groups were used (Student's
t-test). For non-normal distribution, non-parametric
methods of evaluation (Mann-Whitney U test) were used
to determine the statistical significance of differences in the
mean values of quantitative traits between two independent
groups. To assess the degree of dependence between the
variables, the Spearman's rank correlation coefficient (rs)
was used in the distribution of indicators that differed
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from the normal distribution. Differences in the results
were considered statistically significant at p < 0.05, which
provides a 95% probability level.

Results. The average age of all patients was
40.7+11.4 years, ranging from 19 to 67 years. Patients
in the first group were statistically significantly younger
compared to patients in the second group, 36.9+11.2 years
and 43.8£10.7 years, respectively (t=2.8; p=0.005).
Anthropometric parameters, laboratory parameters and the
nature of concomitant pathology of 79 patients included in
this study are presented in Table 1.

The ratio of men to women in the first group was
17/21 and 26/15 in the second group, respectively. This
frequency distribution by sex in the study groups did not
differ significantly (y*=2.1; p=0.15).

Patients in the first group were slightly lighter than
patients in the second group. Thus, the median body weight
and BMI in the first group were 130 kg [124.5-152.8] and
44.7 kg/m? [41-50.1], and in the second group 152 kg
[125.7-174.5] and 47.7 kg/m? [42.9-56.7], respectively
(p <0.05).

When analyzing laboratory parameters before surgery,
it was found that the level of PTH in the second group
was statistically significantly higher (U = 545; p = 0.02),
although in both groups no deviations from the norm of this
indicator were recorded in any case. There was no statis-

tically significant difference in Ca2+ and 25(OH)D levels
between the groups before surgery (p > 0.05).

Despite the fact that the patients of the first group were
younger than the patients of the second group, after analyz-
ing the frequency distribution of patients by the nature of
concomitant pathology and the physical status of patients
(according to the ASA scale), there was no statistically sig-
nificant difference between the groups (p > 0.05).

The tactics of patient management in the early postop-
erative period were the same. Enteral nutrition was started
from day zero of the postoperative period with a gradual
increase. There were no cases of complications among the
patients included in the study.

Patients in the second group took additional vitamins
and minerals after surgery (cholecalciferol 2 000 IU, cal-
cium 1 000 mg and a multivitamin 1 tablet per day).

Analyzing the anthropometric parameters of patients
1 year after surgery, it was found that the median body
weight and BMI of patients in the second group were
slightly higher compared to those of patients in the first
group, 110 kg [84—116.5] and 31.6 kg/m? [29.4-37.6] and
94 kg [84.8-106.3] and 30.8 kg/m?[29.6-34.2], respectively
(p <0.05). However, given the rate of excess body weight
loss, there was no statistically significant difference
between the groups. Thus, the median %BWL in the first
group was 60.5% [57.1-63.4] and in the second group —

Table 1
Characteristics of patients included in this study before surgery
Group 1 Group 2
Indicator Total (without additional (with additional p
therapy) therapy)
Number of patients 79 38 41
t=2.8;
Age, years 40.7+11.4 36.9+11.2 43.8+10,7 p=0.005'
Gender (male/female) 43/36 17/21 26/15 c
Bodv weicht. k 140 130 152 U=642.5
y weight, kg [125-165.3] [124.5-152.8] [125.7-174.5] p=0.04°
, 45,9 44.7 47.7 U=639.5
BML, kg/m [41.9-52.7] [41-50.1] [42.9-56.7] p=0.043
Overweight. k 69.9 65.5 81.5 U=657
ght, kg [59-93.3] [58-85.5] [60-102.5] p=0.05°
1.26 1.26 1.26 U=765
Ca2+, mmol\l [1.24-1.28] [1.22-1.28] [1.24-1.28] p=0.9°
03 40.6 432 U=617
25(OH)D, ng/ml [37.6-44.8] [35.4-44 3] [38.8-45.7] p=0.1°
43.2 37.4 48.7 U=545
PTH, pg/ml [33.5-52.6] [31.3-48.1] [37.8-53.2] p=0.023
Comorbidities, n (%)
Type 2 diabetes mellitus, n (%) 23 (29.1%) 11 (28.9%) 12 (29.3%)
Arterial hypertension, n (%) 59 (74.7%) 28 (73.7%) 31 (75.6%)
Non-alcoholic f?;)})/ liver disease, n 55 (69%) 26 (68.4%) 29 (70.7%) c
Dyslipidemia, n (%) 66 (83.5%) 31 (81.6%) 35 (85.4%) c
Obstructive slelcf}z(;)}:))nea syndrome, 49 (62%) 21 (55.3%) 28 (68.3%) c
Data are presented as M + SD, Me [IQ 25-75] or n (%)
Methods of statistical analysis between groups:
1 — by Student's t-test
2 — by the criterion of ¢ Pearson's square with Yates' correction
3 — by the Mann-Whitney test
Hayxkosuil gichux Yorceopoocvkoeo yrieepcumemy, cepis «Meduyunay, eunyck 1 (69), 2024 p. 19
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Table 2
Clinical characteristics of patients 1 year after surgery
. Group 1 (without Group 2 (with
Indicator Total additional therapy) | additional therapy) P
Number of patients 79 38 41
. 95 94 101 U=660
Body weight, kg [84-111] [84.8-106.3] [84-116.5] p=0.24!
30.8 30.8 31.6 U=700
2
BML, kg/m [29.4-35] [29.6-34.2] [29.4-37.6] p=0.43!
60.8 60.5 61.6 U=654,5
0, 0, b
%BWL, %. [57.1-65.5] [57.1-63.4] [57.1-67.7] p=0.22]
31.5 31.1 31.6 U=566,5
0, 0, >
ATBWL, %. [28.9-34.1] [26.9-33.3] [29.7-36.1] p=0.041
1.17 1.17 1.17 U=771
Ca2+, mmoll [1.14-121] [1.14-121] [1.15-1.22] p=0.9!
Hypocalcemia, n (%) 6 (7.6%) 5 (13.2%) 1 (2.4%) c
37.8 323 40.2 U=347
25(OH)D, ng/ml [15.4-41.3] [11.7-38.7] [35.6-43.6] p=0.001"
Vitamin D hypovitaminosis, n (%) 22 (27.4) 17 (44.7%) 5(12.2) c
PTH. ve/ml 63.4 68.8 53.7 U=245
- P8 [53.4-71.8] [62.9-96.9] [36.6-64,6] p=0.001"
SHPT, n (%) 14 (17.7%) 12 (31.6%) 2 (4.9%) c
Data are presented as M + SD, Me [1Q 25-75] or n (%).
Methods of statistical analysis between groups:
1 — by the Mann-Whitney test
2 — by the criterion of i

61.6% [57.1-67.6], respectively (U = 654.5; p=0.22). Tak-
ing into account the classification proposed by R.B. Rein-
hold to assess the effectiveness of bariatric surgery, it can
be stated that the rates of excess weight loss reached the
level of a satisfactory result (Table 2).

At 1 year after surgery, hypocalcemia was recorded in
5 (13.2%) patients of the first group and 1 (2.4%) patient
of the second group (x*=1.9; p=0.2). At the same time,
the median and interquartile range of Ca2+ levels in both
groups were within the normal range and no statistically
significant difference was recorded (U=771; p=0.9).

The median 25(OH)D levels in both groups were
within normal limits, but in the first group the median
was statistically significantly lower compared to the
median of the same indicator in the second group (U=347;
p=0.001). In addition, the number of cases of vitamin D
hypovitaminosis was statistically significantly higher in the
first group, 17 vs 5 patients, respectively (%*=8.8; p=0.003).

SHPT was recorded in 14 (17.7%) patients included
in this study, with a statistically significant majority of
cases in the first group 12 vs. 2 (x*>=7.9; p=0.005) patients,
respectively. Also, the difference in the median PTH level
between the groups reached a statistically significant level
(U=245; p=0.001).

In patients who had an increase in PTH levels, 1 year
after surgery, according to the control ultrasound of the
parathyroid glands, no organic pathology was detected in
any of the cases, which in turn allowed to confirm the diag-
nosis of SHPT.

One year after surgery, in patients with normal PTH val-
ues, vitamin D hypovitaminosis was recorded in 8 (12.3%)
patients, whereas in the group of patients with SHPT, this
disorder was detected in all patients (¥*=39.8; p=0.001)
(Table 3).

At the same time, the median calcium level in patients
with HPT did not differ statistically from that in patients
with normal SHPT values (U=389; p=0.4). Similarly, there
was no statistically significant difference in the number of
episodes of hypocalcemia (y >=2.6; p=0.1).

After correlation analysis of the parameters in the group
of patients with SHPT, it was found that PTH levels had
a strong significant inverse relationship with 25(OH)D
and Ca2+ levels (rs=0.73; p=0.003 and rs=0.62; p=0.017)
(Fig. 1).

Discussion. Whether nutritional deficiencies and endo-
crine side effects persist over the long term following the
LSG has yet to be established. As the age of patients seek-
ing bariatric surgery increases, the skeletal consequences
of secondary hyperparathyroidism, such as osteoporosis
and osteomalacia, become increasingly important [9]. Our
study is demonstrate that SHPT occur at 1 years follow-
ing the LSG in 14 (17.7%) patients, despite patients being
supplemented with calcium and vitamin D.

Preoperative and postoperative vitamin D deficiencies
appear in 68 and 80% of patients respectively as second-
ary hyperparathyroidism is frequent after bariatric surgery
[4, 8]. It is reported to be common in malabsorptive proce-
dures, appearing in biliopancreatic diversion patients after
1 year, and to a lesser extent in RYGB patients. Although
LSG is considered a pure restrictive procedure, vitamin D
deficiency can still occur. Up to 53 % of patients are found
to have increased serum PTH post-obesity surgery [5, 10].
Despite receiving vitamin D supplementation after gastric
bypass surgery, vitamin D deficiency with hyperparathy-
roidism is seen to continue to 50 % of patients [11]. The
reasons remain unknown but may be attributed to various
factors in dietary intake, season of the year, and socioeco-
nomic status. Deficiency of vitamin D will in turn lead to
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Table 3
Clinical characteristics of patient groups, depending on the presence of SHPT
Indicator Group with SHPT Group without SHPT p
Number of patients 14 65
U=428
Age, years 42 [27.5-54] 40 [32.5-48] p=0.7"
Gender (male/female) 7/7 36/29 c
. 132.5 143 U=398
Body weight before surgery, kg [124.5-151.3] [124.5-166] p=0.41
. 95.5 95 U=427
Body weight after surgery, kg [84.7-108.3] [84-111.5] p=0.7!
46.4 455 U=435
BMI before surgery, kg/m* [42.5-50.2] [41.6-54.5] p=0.8'
324 30.6 U=429
BMI after surgery, kg/m’ [29.3-34.4] [29.4-35.4] p=0.7'
59.7 61.2 U=338
0, 0,
7%BWL, %. [54.1-62.1] [49.9-65.8] p=0.1!
29.9 31.6 U=354
o, o,
%TBWL, %. [26.5-33.9] [29-34.5] p=0.2!
100.5 61.2 U=1
PTH, pg/ml [97.4-107.3] [49.9-65.8] p=0.001"
1.16 1.18 U=389
Ca2+, mmoll [1.12-121] [1.15-121] p=0.41
Hypocalcemia, n (%) 3 (21,4%) 3 (4,6%) c
9.2 39.7 U=45
25(OH)D, ng/mL [11.3-12.2] [33.4-41.6] p=0.001"
Vitamin D hypovitaminosis, n (%) 14 (100%) 8 (12,3%) c
Data are presented as M + SD, Me [1Q 25-75] or n (%).
Methods of statistical analysis between groups:
1 — by the Mann-Whitney test
2 — by the criterion of

decreased calcium absorption. This may result in low cal-
citriol, which favors fat accumulation [4].

Signs and symptoms of vitamin D deficiency include
osteomalacia, osteoporosis, arthralgia, myalgia, fascicula-
tion, and depression. Considering the high prevalence of
preoperative deficiency, all candidates for obesity surgery
should undergo 25-hydroxy vitamin D screening. Aware-
ness should be noted that serum calcium may be low or
normal with a decrease in serum phosphorus and increase
in serum alkaline phosphatase [12].

The clinical significance of prolonged hyperparathy-
roidism in bariatric surgery population is unknown. John-

son et al. found that bone mineral density decreased after
the first year post-RYGB but then stabilized. A 2016 meta-
analysis of 11 studies, looking at changes in bone metabo-
lism after bariatric surgery, echoed Johnson et al. in that
bone mineral density was significantly reduced after gastric
bypass with elevations in both urinary N-telopeptide; how-
ever, most studies had short-term follow-up, between 6 and
12 months [10]. In a small study of 30 individuals under-
going gastric bypass and 20 controls, Yu and colleagues
recently demonstrated that ongoing bone mineral density
losses persist up to 24 months of follow-up [10]. It is still
unclear if this reduction in bone mineral density translates
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Fig. 1. Graphical representation of the correlation between PTH and 25(OH)D (A)
and between PTH and Ca2+ (B) in the group of patients with SHPT
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into an increased risk of fragility fractures [12]. Parsing out
the effect of prolonged secondary hyperparathyroidism on
bone metabolism and fracture risk is made difficult by the
fact that >10% weight loss itself, regardless of etiology, is
associated with a 1 to 2% bone loss, which can confound
results [13]. The relative risk increase for any fracture fol-
lowing bariatric surgery has been reported to be between
1.38 and 2.30 times compared to controls [6]. Also, the sites
of bone mineral density loss are differentially distributed,
with fracture sites shifting from classic obesity patterns to
ones more correlated with osteoporosis after surgery [13].

Despite a successful supplementation regimen, some
patients remain at risk for bone resorption [14]. One poten-
tial explanation is that vitamin D levels in obese individuals
need to be higher to minimize the potential for developing
hyperparathyroidism. This is supported by the current study
in which we demonstrated that patients with elevated PTH
very rarely had vitamin D levels above 35 ng/mL. Inad-
equate vitamin D absorption may also play a role. Some
studies suggest that calcium malabsorption is a limiting
factor. Johnson et al. found a significant increase in mean
PTH values among patients undergoing a long-limb bypass
(Roux >100 cm) versus short-limb bypass (<100 cm) [12].
Reidt et al. reported a significant decrease in true fractional
calcium absorption following RY GB, however, it remained
within normal range [15].

The number of cases of vitamin D hypovitaminosis
was statistically significantly higher in the group who did
not receive additional therapy in the postoperative period,
17 vs 5 patients, respectively. In our study, we found a cor-
relation between PTH levels and vitamin D and iCa levels,
which are risk factors for secondary hyperparathyroidism.

There is no agreement on recommendations for vita-
min D therapy after bariatric surgery as few evidence-based
regimens exist.

Funding. No targeted funding reported.

With severe deficiency, 50 000—150 000 IU of vita-
min D3 per day can be sufficient with oral calcitriol if nec-
essary. Some studies have recommended 5000 IU per day
and 50 000 IU 2 times per day for prophylaxis and mainte-
nance in RYGB and biliopancreatic diversion patients cor-
respondingly [16, 17]. Proper dosage may widely vary in
each individual patient, and 25-hydroxy vitamin D levels
should be monitored 2 weeks after initiation. These levels
should be repeated up to every 3 months in the first year
after surgery. Suggested supplementation for prevention
after surgery is generally 2 000 IU per day of oral vita-
min D2 or D3. For patients who underwent malabsorptive
procedures, vitamin D levels of >100 nmol/L have been
demonstrated to be effective in prevention of secondary
hyperparathyroidism [8].

Regular supplementation with vitamins and minerals
after bariatric surgery is one of the most important compo-
nents of the prevention of metabolic disorders in the post-
operative period.

Conclusion. Patients after laparoscopic sleeve gas-
trectomy have a risk of secondary hyperparathyroidism
and vitamin D deficiency in the postoperative period. The
higher levels of parathyroid hormone post laparoscopic
sleeve gastrectomy significantly related to vitamin D defi-
ciency and lower calcium levels. Additional vitamin and
mineral therapy in the postoperative period after laparo-
scopic sleeve gastrectomy significantly reduces the risk of
developing secondary hyperparathyroidism and vitamin D
deficiency. This study also emphasizes the importance of
routine testing for hyperparathyroidism and vitamin defi-
ciency after laparoscopic sleeve gastrectomy.

Further research and investigation are needed to vali-
date these findings and explore effective strategies for pre-
venting the secondary hyperparathyroidism and vitamin
deficiency in patients after sleeve gastrectomy.
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