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ORIGINAL ARTICLE

Improved and more effective algorithms to screen for nutrient
deficiencies after bariatric surgery

I Bazuin', S Pouwels?, S Houterman®, SW Nienhuijs?, JF Smulders? and AK Boer'

BACKGROUND/OBJECTIVES: Most bariatric guidelines recommend frequent lab monitoring of patients to detect nutrient and
vitamin deficiencies as early as possible. The aim of this study was to optimize the cost effectiveness of the nutrient panel, by
developing an algorithm, which detects nutrient deficiencies at lower costs.

SUBJECTS/METHODS: In this retrospective study, 2055 patients who had undergone Laparoscopic Roux-Y Gastric Bypass (LRYGB)
and Laparoscopic Sleeve Gastrectomy (LSG) surgery at Catharina Hospital Eindhoven between January 2009 and December 2013
were included. Perioperative biochemical measurements (7 days before and 127 days after surgery) and measurements > 549 days
before surgery were excluded. For analysis, the most recent preoperative and postoperative measurements were selected for each
biochemical parameter separately. First, the amount of moderate and severe deficiencies were calculated. Second, we investigated
whether each variable (vitamins A, By, B, B3, D, folate, ferritin, zinc and magnesium) could predict the presence of deficiency.
RESULTS: In total, 561 (LRYGB) and 831 (LSG) patients had at least preoperative and postoperative values of vitamin A, By, Bg, B12, D,
folate, ferritin, zinc or magnesium. The algorithm reduces vitamin D, B;,, B, B; and ferritin examinations by 15, 11, 28, 28 and 38%,
respectively, without missing clinically relevant deficiencies. The corresponding potential cost savings was 14%.

CONCLUSIONS: This study identified substantial cost savings in laboratory test for both LRYGB and LSG procedures. The potential
cost reduction of 14% might even be increased to 42% when less frequent moderate deficiencies are not screened anymore,

whereas >99.0 of moderate deficiencies will be detected.
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INTRODUCTION

Patients undergoing bariatric surgery are subjected to possible
adverse physiological, nutritional and metabolic changes.' In
order to detect these changes as early as possible, most bariatric
guidelines recommend frequent monitoring with extensive
laboratory panel.>® However, the recommended laboratory
panels differ in these guidelines. Furthermore, the guidelines
sometimes disagree with respect to cutoff levels to detect
deficiencies and generally do not specify the corresponding bio-
chemical assays. For example, the prevalence of folate deficiency,
which can be established in plasma and erythrocytes, varies
between 6 and 65%."

In our hospital, the most performed bariatric surgical proce-
dures are the Laparoscopic Roux-Y Gastric Bypass (LRYGB) and
Laparoscopic Sleeve Gastrectomy (LSG). These patients are
extensively screened for numerous biochemical parameters
including the nutrients/vitamins A, B,, Bs, Bq,, D, folate, ferritin,
zinc and magnesium. On the basis of the Dutch national defined
prices, the cost of this vitamin/nutrient panel is 72.60 euro. As the
patient is monitored prior and up to 7 times after surgery the total
costs of the follow-up period equals 580.80 euro. As not all
patients develop deficiencies and those who do, usually do not
develop all deficiencies simultaneously, not all laboratory tests
have clinical consequences. Reliable identification of the patients,
which could be screened with less abundant laboratory panels,
will result in a reduction of laboratory costs. Second, there is

increasing governmental pressure to reduce healthcare costs, and
therefore this study was necessary.

The aim of this study was to optimize the cost effectiveness of
the nutrient panel, by developing algorithms, which detect all
nutrient deficiencies at lower costs. To develop these algorithms, a
retrospective analysis was performed on biochemical parameters
of all LRYGB and LSG patients in our hospital in the past 4 years.

MATERIALS AND METHODS
Data selection

Patients who had undergone LRYGB or LSG surgery (n=2055) at Catharina
Hospital Eindhoven between January 2009 and December 2013 with at
least one preoperative and one postoperative laboratory examination were
included in this retrospective study. Patients who had emergency or
revision interventions were excluded. Perioperative biochemical measure-
ments (7 days before and 127 days after surgery) and measurements
>549 days before surgery were excluded. For analysis, the most recent
preoperative and postoperative measurements were selected for each
biochemical parameter separately. In total, 561 LRYGB and 831 LGS
patients were included. The Institutional Review Board approved this study
and for this type of study formal patient consent is not required.

Algorithm development

All of our patients were screened for vitamins A, B;, Bs, By, D, folate,
ferritin, zinc and magnesium. We were interested in whether the costs of
lab testing in our center could be reduced. Therefore, the first step was to
calculate the amount of moderate and severe deficiencies of the above
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mentioned variables (Supplementary Table S1). Second, we investigated
whether each variable (vitamins A, B, B, B15, D, folate, ferritin, zinc and
magnesium) could predict the presence of deficiency. This was conducted
by calculating combination of deficiencies. For example, how many times
is there a combined vitamin A and vitamin B, deficiency? Or how many
times are folate and vitamin B;, deficiencies present before and after
surgery? These combinations were made for vitamins A, By, Bs, By D,
folate, ferritin, zinc and magnesium.

Supplementation regime

Patients were screened for vitamins A, By, Bg, By, D, folate, ferritin, zinc and
magnesium preoperatively and at 6, 12, 18, 24, 36, 48 and 60 months
postoperatively. Table 1 gives an overview of the definitions of deficiencies
of the screened vitamins and minerals.

Most studies use one set of cutoff values to define nutrient deficiencies,
which usually equals the method-specific lower reference limit (LRL).
However, in literature also specific supplementation limits have been
defined. Most supplementation limits are lower than LRL. In this study, two
sets of cutoff values were used to define nutrient deficiencies. Measure-
ments below LRL are defined as moderate deficiencies and measurements
below the supplementation limit as severe deficiencies. Only for ferritin
and vitamin D, the recommended supplementation limit is higher than
our LRL.

After bariatric surgery, patients were instructed to take 200% (LRYGB) or
100% (LSG) of the daily recommended dose of vitamins and minerals.
Specific nutrient deficiencies were additionally supplemented. When iron
was < 10 nmol/l and ferritin was < 20 pg/l, ferrofumarate (200 mg) was
administered twice a day, in combination with vitamin C (500 mg) once
a day. Vitamin D < 50 nmol/I was supplemented with 1 ml colecalciferol
(50 000 IU/ml) weekly during the first 4-6 weeks and subsequently
monthly. Folate < 6.0 nmol/l was corrected with folic acid (5 mg/day)
for 3 months. Vitamin By, < 145 pmol/l was supplemented with hydroxy-
cobalamin injections of 500 pg/ml once per two weeks in the first
2 months and once per 3 months afterwards. Vitamin B; < 70 nmol/l was
supplemented with 50-100 mg/day thiamine, for 3 months. There was no
standardized supplementation protocol for vitamin A, Bs, magnesium
and zinc.

Biochemical assay

The utilized laboratory for our study is certified by the Dutch Association of
Clinical Chemistry Labs (CCKL, registration number R0125). Independent
clinical chemists did the biochemical analysis of the vitamins and minerals.
Vitamin A was determined as retinol in serum with a UPLC-TUV (Waters)
instrument using Repice reagents. Vitamin B, (thiamin pyrophosphate) and
vitamin Bg (pyridoxal-5-phosphate) were determined in EDTA-whole blood
with chromosystems reagents on a UPLC—FLR (Waters) device. Vitamin D
(25-hydroxy vitamin D) was determined in serum by an immunometric
competition assay on Liason using Diasorin reagents. Vitamin B,
(cobalamin) serum, folate serum and ferritin heparin plasma were analyzed
by immunometric assays on the cobas E-module Roche. Magnesium was
determined in heparin plasma by a colorimetric endpoint assay on the
cobas C-module Roche. Zinc was determined in plasma on an atomic
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absorption spectrometer (PerkinElmer). Reference values are shown in
Table 1.

Statistical analysis

The preoperative and postoperative prevalence were analyzed with
McNemar test. A P-value <0.05 was considered as significant. IBM
Statistical Package for the Social Sciences 22 (SPSS) was used for statistical
analysis. The development of the algorithms was based on prevalence of
deficiencies before and after bariatric surgery. For the determination of
potential cost reduction and sensitivity, all laboratory values were included
of LRYGB and LSG patients and second, sensitivity analysis was performed
using a random effects model. Sensitivity was determined by dividing the
percentages of missing deficiencies by all known deficiencies of the
biochemical parameter. The potential cost savings were calculated by
using Dutch national prices.

RESULTS

The most common deficiencies were vitamin D, zing, ferritin, folate
and vitamin By, (Figure 1). Follow-up ranged from 3 to 84 months
postoperative for each nutrient and vitamin determined, with a
mean of 32 months. For the development of the algorithms, it was
important to have an indication of the preoperative and
postoperative prevalences of deficiencies and the moment a
deficiency was established for the first time. Vitamin D, ferritin and
folate deficiencies decreased significantly after both bariatric
surgeries (P < 0.05). Vitamin B, deficiencies decreased signifi-
cantly after LRYGB (P=0.017) and not after LSG (P=0.461). Using
the cutoff value of 10.7 umol/l, zinc is the second frequent
deficiency and increased after both surgeries (P < 0.05). However,
when the lower zinc reference value of 8.4 umol/l was used to
define a moderate zinc deficiency, the postoperative prevalences
of the zinc deficiency were only 3% and 2% for LRYGB and LSG,
respectively. In Figure 1, the percentages of newly developed
deficiencies are shown. Unexpectedly, most deficiencies were
already present before surgery. For example, more than 82% of all
postoperative vitamin D deficiencies and 64% of ferritin deficien-
cies were diagnosed prior to surgery. Magnesium, vitamin B;, Bg
and A deficiencies were rare, and the preoperative and post-
operative prevalence of these deficiencies was not significantly
different (P> 0.05). Moreover, no severe deficiencies were found
for these biochemical parameters.

We designed an algorithm for efficient screening for vitamin D
deficiencies based on the observation that (1) the majority (82—
90%) of vitamin D deficiencies are present prior to surgery and (2)
that most newly diagnosed post-surgery deficiencies have a
preoperative vitamin D sampled in the spring/summer with
concentrations between 50 and 70 nmol/l.”® Therefore, we used
the cutoff levels of 50 and 70 nmol/I (for measurements in the
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Table 1. Definitions of moderate and severe deficiencies
Moderate deficiency Severe deficiency Unit
Ferritin <30 13,19,20 <13(Q) 4,17-19,21,22 ug/l
<23 (3)

Folate (serum) <104 2023 <6.7 1314,17-19,21,24 nmol/Il
Magnesium (plasma) <0.70 1314,17,25,26 < 0.50 1314 mmol/I
Vitamin A (retinol) <0.70 1314 <035 1314 pmol/I
Vitamin B, (TPP) <70 13 <55 27 nmol/l
Vitamin Bg (P5P) <35 # <20 413.14,24.27 nmol/I
Vitamin B;, (serum) <145 4,13,14,17,18,21,24,28 <145 4,13,14,17,18,21,24,28 pmol/l
Vitamin D (ZS_OH)B < 50 4,13,14,17,18,21,24 < 25 13,14,17,20,21 anI/I
Zinc (plasma)® <10.7 13,1417,19.20,26 <5.0 14 pmol/l
Abbreviations: pg/l, microgramme per litre; nmol/l, nanomole per litre; mmol/l, millimole per litre; pmol/l, picomole per litre; pmol/l, micromole per litre. The
underlined values are the method-specific reference values. *Operating manual of vitamin B, chromosystems. TPP: thiamin pyrophosphate, P5P: pyrodoxal-5-
phosphate. *The lower reference values for vitamin D and zinc are 17 nmol/l and 8.4 pmol/, respectively. However, the cutoff levels 10.7 (zinc) and 50 nmol/I
(vitamin D) are the most frequently mentioned levels in literature.
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Figure 1. Preoperative and postoperative prevalence of nutrient

deficiencies undergoing (a) LRYGB or (b) LSG. The bars indicate the
total number of moderate deficiencies. The dark grey part
represents the severe deficiencies. Mean follow-up ranged from 3
to 84 months. Above the bars the percentage of not deficient
patients post surgery are shown.

periods October—March and April-September, respectively) to
determine whether subsequent post-surgery vitamin D measure-
ments were necessary or not (Figure 2). This algorithm resulted in
a 15% reduction of vitamin D measurements at the expense that
only 98.5% of the patients were correctly categorized between
deficient and not deficient. Except for two patients, all missed
deficiencies (n=37) were moderate deficiencies.

As folate (Bo) is the most frequent B-vitamin deficiency and is a
useful marker for monitoring compliance of vitamin supplementation,’
we designed algorithms for vitamin B,, Bs and B;, based on the
folate concentration in the same order. For the vitamin B; algorithm,
we also included the haemoglobin level to identify the clinically
relevant vitamin B, deficiencies that are not captured by the folate
concentration alone.>? Using these algorithms, 11-28% unnecessary
B-vitamin measurements could be avoided (see Figure 2).

As iron deficiency is reflected in lowered ferritin, MCV and
haemoglobin levels, we designed an algorithm based on these
parameters to decide whether ferritin testing is necessary or not.
When ferritin is only measured when the preoperative ferritin is
< 75 pg/l and when MCV < 80 fL or haemoglobin < 8.0 mmol/l,
38% of the ferritin measurements could be avoided without
missing clinically relevant iron deficiencies.
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By using the algorithms in combination with the exclusion of
nutrients from the standard panel (for example, vitamin A, B; and
Bs), which have only moderate corresponding deficiencies and,
moreover, (very) low prevalences, the potential cost savings are
23-42% at the expense of 0.5-1.0% missed deficiencies. When
only severe deficiencies should be identified, the potential cost
savings run up to 60% (Table 2).

DISCUSSION

This study shows that substantial cost savings are possible in the
detection of nutrient deficiencies under a standard supplementa-
tion regime after LRYGB and LSG surgery.

In our hospital we introduced one screening panel for both
LRYGB and LSG patients, which consist of vitamin A, B4, B, By, D,
folate, ferritine, and magnesium and zinc.>® Although some
guidelines also recommend screening for vitamin E and K
deficiencies, we did not include these vitamins in the panel,
because these deficiencies occur more often after biliopancreatic
diversion/duodenal switch (BPD/BPD-DS) and are rare after LRYGB
and LSG.'® Moreover, vitamin K levels were not useful for patients
using anticoagulants for any comorbidity.

In order to correctly recognize nutrient deficiencies, well-established
cutoff values are required. However, there is no consensus in bariatric
literature. Different cutoff values are used to define deficiencies,
frequently without mentioning the matrix (for example, serum/plasma
or whole blood) or method used.'"'? The matrix is important as major
changes might occur when sampling in different matrices. For
example, vitamin B;/Bg can both be determined in whole blood or
in plasma, where blood values are much higher as approximately 80%
of vitamin By/Bg is in the erythrocytes."® Another example is znc,
where serum zinc levels are generally 5-15% higher than plasma
values due to osmotic changes in the erythrocytes by the antic-
oagulant used.' Specification of the analytical method used is also
important as nutrients can be measured in different forms. For
example, vitamin B; can be determined as thiamine and as thiamine-
pyrophosphate and vitamin A can be measured as retinol, retinal and
retinoic acid, each with different reference and cutoff values.
Furthermore, commercial nutrient methods are poorly standardized,
resulting in differences up to 30% according to the Dutch external
quality schemes, even when type of method and matrix are identical.
Usage of lower reference values as cutoff value is not ideal to identify
deficient patients. First, by definition 2.5% of the healthy persons have
values below the LRL and will be unnecessarily supplemented if the
LRL is used as cutoff limit. Second, poor evidence exists that patients
with mild or moderate deficiencies clinically benefit from nutrient
supplementation. However, hard cutoff values for nutrient supple-
mentation have been described (Table 1). To avoid the discussion as to
which cutoff level should be used, we have shown our data using two
sets of cutoff values for both moderate and severe deficiencies.

The development of the algorithms was based on the prevalence of
deficiencies. The prevalences of deficiencies in LRYGB and LSG patient
groups were comparable (Supplementary Table S1). Therefore, the
algorithms were developed regardless the type of surgery.

All algorithms, except for the vitamin D algorithm, result in a major
decrease in nutrient measurements without missing clinically
relevant deficiencies. The percentage of missed vitamin D deficien-
cies, however, is low and most deficiencies are mild. However, in
non-bariatric settings, multiple studies have shown that patients
benefit from vitamin D supplementation when plasma levels are
below 50 nmol/l. Therefore, one might argue that the algorithm is
not clinically useful. On the other hand, 98.5% of the bariatric
patients were correctly categorized between deficient and not
deficient, whereas in the general European population the
prevalence of severe vitamin D deficiency (< 25 nmol/l) is already
2-30%."> Furthermore, because of the seasonal changes of vitamin
D, in the winter period about half of healthy population have vitamin
D levels < 50 nmol/I while supplementation is not prescribed.”®'®

© 2017 Macmillan Publishers Limited, part of Springer Nature.
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Figure 2.

Algorithms for assessing (a) vitamin D, (b) vitamin B12, (c) ferritin and (d) vitamin B1/B6 laboratory tests. The criteria in the decision

windows determine whether the corresponding parameter should be measured or not. The green percentage indicates the reduction of
measurements. See text for additional information. Vitamin D (50 nmol/l equals 20 ng/ml), folate (35 and 25 nmol/l equals 15 and 11 ng/ml,
respectively), ferritin (70 pg/l equals 70 ng/l) Hemoglobin (7.5, 8.0 and 8.5 equals 12, 12.9 and 13.7 g/dl, respectively.) Hb: hemogloblin, Winter:
October-March, Summer: April-September. A full color version of this figure is available at the European Journal of Clinical Nutrition journal online.

Table 2.
(b) LSG

Potential costs savings using the algorithm for (a) LRYGB and

Moderate

Severe

Cost (€) Cost savings Cost (€)

Cost savings

a: LRYGB
Nutrient panel
Algorithm
99.9% accuracy
99.5% accuracy
99.0% accuracy

b: LSG
Nutrient panel
Algorithm
99.9% accuracy
99.5% accuracy
99.0% accuracy

508
437
437
388
293

508
437
391
391
391

- 508
14% 437
14% 250
23% 56 201
42% A,B1,B6 201

- 508
14% 437
23% A 319
23% A 201
23% A 201

14%
51%
60%
60%

M,A,B6,Z
M,A,B1,B6,Z
M,A,B1,B6,Z

14%
37%
60%
60%

M,A,B6
M,A,B1,B6,Z
M,A,B1,6B,Z

Abbreviations:

LRYGB, Laparoscopic Roux-en-Y Gastric Bypass;
Laparoscopic Sleeve Gastrectomy. Costs are calculated by multiplying the
Dutch national defined prices with the vitamins in the seven phlebotomies
post surgery. The superscript letters indicate which nutrient was excluded
from the labpanel, where M = magnesium, A =vitamin A, B1 = vitamin B,
B6 = vitamin Bg and Z= zinc.

LSG,

© 2017 Macmillan Publishers Limited, part of Springer Nature.

The study performed by Peterson et al,'® who found comparable
results, supports our findings. They found significant malnutrition
prior to bariatric surgery in a cohort of 58 patients, especially Vitamin
D (92.6% of their cohort was deficient) and Iron (36.2-56.9%)."°

We have not designed an algorithm for zinc, magnesium and
vitamin A as no severe deficiencies are present in our study.
Furthermore, none of the patients have magnesium and vitamin A
levels below the recommended supplementation limit.">'* On the
other hand, moderate zinc deficiencies are present depending on
the cutoff limits used. According to ASMBS nutrient guideline of
2008, zinc should be supplemented below 10.7 umol/l, whereas
the LRL of zinc is 9.1 umol/l. The LRL of our method is 8.4 umol/I.
Using the cutoff value of 10.7 pmol/l will result in unnecessary
treatment of 10% of healthy persons, although in the general
population persons with similar levels are not supplemented.
A limit of 10.7 umol/l seems therefore inappropriate.

When the prevalence of zinc deficiencies was calculated with
the LRL of 8.4 umol/l, the postoperative zinc deficiency is only 3%
for LRYGB and 2% for LSG patients. This is not significantly
different from the general population. Severe deficiencies under
5 pumol/Il are extremely rare.

Our postulated algorithms result in reduction of laboratory costs of
14% without missing clinically relevant deficiencies, except for vitamin
D. Because the prevalences of moderate deficiencies of vitamin A, B,
and By are relatively low, one might exclude these biochemical
parameters from the standard nutrient panel. This will result in an

European Journal of Clinical Nutrition (2017) 198 -202
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additional cost reduction of 28%. Furthermore, the maximum of 1%
missed deficiencies should be placed in perspective, as the prevalence
of deficiencies is very high in the morbid obese population in general
and the preoperative group in particular.'”'® The relative high
preoperative prevalence of deficiencies and for some biochemical
parameters the relative low percentage of newly developed
deficiencies after surgery, suggest that the preoperative patient should
be supplemented with higher doses of multivitamins.

Limitations

Of course, retrospective analyses have their limitations. For example,
missing values might occur when lab panels were manually ordered.
Furthermore, the adherence of multivitamin supplemention was not
monitored. Also the dietary nutrient and vitamin intake might differ
between patients after LRYGB and LSG and might result in under- and/
or over-reportation of deficiencies in these populations. However,
in a larger sample retrospective analysis, we were not able to adjust for
this confounder. Possibly the cost savings might be higher when only
non-compliant persons are screened for deficiencies. Since we have no
information about compliance, only prospective studies might
determine the true accuracy and reduction in costs.

Second, problems arise because of inconsistency in the definition of
the deficiency according to several guidelines and lack of consensus of
the appropriate way to measure the level of a particular nutrient. Third,
this is a single site study and there might be differences in outcomes
when our algorithm is used in other laboratories. Our algorithm is only
applicable for primary LRYGB and LSG patients (our included study
population) and might not be suitable for other bariatric (revisional)
procedures. Also we have to consider that our algorithm might not be
appropriate for patients >7 years after bariatric surgery. Further
validation studies need to determine this.

CONCLUSION

This study shows that there are substantial cost savings possible in
laboratory tests in LRYGB and LSG patients. With our algorithms,
14% of costs might be saved, without missing relevant deficiency.
The cost savings can be up to 42%, when biochemical parameters
with a low prevalence of nutrient deficiencies are removed from
the nutrient panel. In light of our findings, we have to take into
account that this study has variability in follow-up, and this is a
single center/laboratory study.
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