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Abstract

Objective(s)
Monitoring and prevention of long-term nutrient deficiency af-
ter laparoscopic Roux-en-Y gastric bypass (LRYGB) remains ill
defined due to limited surgical follow-up after bariatric surgery.
This study compared nutrient supplementation as well as sur-
geon and primary care physician (PCP) follow-up between pa-
tients with short-term versus long-term follow-up.

Methods
All patients undergoing LRYGB at a single institution in 2004
(long-term group, n = 281) and 2012–2013 (short-term group,
n = 149) were evaluated. Prospectively collected database,
electronic medical record (EMR) review and telephone survey
were used to obtained follow-up for both cohorts. Multivariate
logistic regression was used to assess factors independently
predicting multivitamin use.

Results
Complete follow-up was achieved in 172 (61 %) long-term and
107 (72%) short-termpatients.Wedemonstrate a significant dif-
ference (p < 0.0001) in time since last surgeon follow-up
(13.3 ± 7.8 vs 86.9 ± 39.9 months) for the long-term group with
no difference in PCP follow-up, (3.1 ± 4.3 vs 3.7 ± 3.4). Nutrient
supplementation was higher in the short-term group, including
multivitamin (70.3 vs 58.9 %, p < 0.05), iron (84.2 vs 67.1 %,
p=0.02), and calcium (49.5 vs 32.9%,p=0.01).After adjusting
for interval since surgery, %EBMI and current comorbidities lo-
gistic regression (c = 0.797) demonstrated shorter time since last
surgeon visit was independently predictive of multivitamin use
(p=0.001).

Conclusions
While it appears patients prefer to follow-up with their PCP, this
study reveals a largedisparity inmalnutrition screeningandnutri-
ent supplementation followingLRYGB.Therefore, implementa-
tionofmultidisciplinary,best-practiceguidelinestorecognizeand
prevent malnutrition is paramount in the management of this
growing population of high-risk patients.
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Introduction

Bariatric surgery has become a common treatment for morbid
obesity in the USA as evidenced by approximately 113,000 pa-
tients undergoing thisweight loss procedure eachyear [1].Roux-
en-Y gastric bypass (RYGB) surgery is arguably more effective
than other procedures forweight loss and comorbidity resolution
[2–6].While alterations in gut physiology followingRYGBmay
induce endocrine mediated mechanisms that facilitate weight
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management and improved cardiometabolic health [7], under-
standing of how nutrients per se impacts health remains poorly
understood.Infact,long-termfollow-upinformerlymorbidobese
high-risk populations onmalnutrition, vitamin, and nutrient sup-
plementationare lacking [8,9].This is clinically relevant asnutri-
tionaldeficienciesoccurin30–70%ofpatientsandrequirechron-
ic surveillance and nutrient replacement.

A number of studies have examined the short-term (i.e., less
than 5 years) impact of macro and micronutrient deficiency fol-
lowing RYGB [9–12]. Indeed, protein calorie malnutrition is a
major concern and can be recognized by signs such as edema,
hypoalbuminemia, anemia, and hair loss.Moreover, vitamin de-
ficiencies are reported and can lead to peripheral neuropathy (fo-
late,B12),Wernickeencephalopathy(B1),metabolicbonedisease
(vitamin D, calcium), and iron deficient anemia. These are clini-
cally concerning since nutrient deficiency and malnutrition
worsensovertime[13].Asaresult,itiscommontoadvisepatients’
post-RYGB to addmultivitamin supplementation to their diet to
prevent health complications. To date, however, no study has ex-
amined the long-term nutrient supplementation regimen of post-
RGYB patients to understand potential nutritional needs over
time. In addition, amajority of patients no longer follow-upwith
theirsurgeonorbariatricteamasdemonstratedbythe10–15%10-
year follow-up rate [6, 14, 15]. This is potentially problematic for
themetabolic health of the patient andmay place greatermedical
care demandonother health professionals, including the primary
care physician (PCP). But, whether patients seekmore care from
theirPCPthansurgeon isunknown.Therefore, thepurposeof this
studywastocomparemicronutrientsupplementationandmedical
care visits for individuals at 2- and10-year followingRYGB.We
hypothesized that fewer patients in the long-term group would
receivenutrient surveillanceand/or treatment, andpatientswould
bemore likely to see the PCP than their bariatric surgeon.

Methods

Patients

A prospectively collected database approved by the
Institutional Review Board (IRB# 17132) at our academic
medical center of all patients undergoing weight loss surgery
was queried for this cross-sectional analysis. We identified
patients undergoing RYGB performed at our institution be-
tween 1/1/2004–12/31/2004 and 7/1/12–9/30/13 to under-
stand short-term (i.e., 2 years) and long-term (i.e., 10 years)
effects of RYGB on nutritional supplementation needs.
Nutritional supplementation was used as an index for malnu-
trition screening. Our overall database included the patient
name, patient phone number, age, sex, pre-operative weight,
pre-operative comorbidities (e.g., type 2 diabetes, cardiovas-
cular disease, etc.), and long-term nutrition and BMI.
Electronic medical record (EMR) review was used to assess

anthropometrics and clinical biochemistries and telephone
survey data were obtained for patients lost to onsite follow-
up. All subjects received nutritional counseling by a registered
dietitian prior to hospitalization, and our nutritionists, psy-
chologists, bariatric surgeons, and surgery teams cleared sub-
jects for bariatric surgery. The RYGB procedure was previ-
ously described by our team [15]. All patients provided verbal
consent and the IRB granted waiver of consent for medical
record review.

Telephone Follow-up

Trained medical personnel followed a standardized phone
script to call patients lost to onsite follow-up. Multiple at-
tempts were made to contact patients on different days and
times using all telephone numbers listed in their electronic
medical record. If the telephone numbers listed were discon-
nected, an online people search tool (Intelius People Search,
Bellevue, WA) was used to locate patients most recent contact
information using publically available records such as census
data, property records, and telephone records.

Anthropometrics

Height and weight measures were obtained on a calibrated
scale and wall-mounted stadiometer at baseline, 2 and
10 years. Body mass index (BMI) was calculated as body
mass (kg) divided by height (m)2. An ideal BMI of 25 kg/
m2 was used for calculation of percent excess BMI reduction
(%EBMI).

Health Care Professional and Blood Analysis

Subjective data on bariatric surgeon vs. PCP follow-up was
collected through telephone survey. Routine blood work with
or without nutrient testing was also captured from fasted sam-
ples through retrospective chart review. Blood work analysis
included a complete blood count (CBC) defined as total white
blood cells, red blood cells, hemoglobin, and hematocrit.
Medication information was also collected as well as
comorbidities.

Statistical Analysis

The primary outcome for this study was multivitamin supple-
mentation at 2 and 10 years. Secondary outcomes included
bariatric surgeons versus PCP visits by patient in addition to
body weight and CBC. Statistical analysis was performed
using appropriate parametric and non-parametric tests.
Multivariate logistic regression was then used to identify in-
dependent predictors of multivitamin supplementation. A p
value of <0.05 was used for statistical significance. SAS

OBES SURG



version 9.4 (SAS Institute, Cary NC) was used for statistical
analyses.

Results

Pre-Operative Demographics

There were 281 patients undergoing RYGB in the 10-year
follow-up group (1/1/2004–12/31/2004) and 149 patients in
the 2-year follow-up group (7/1/2012–9/30/2013). Complete
follow-up was achieved in 172 (61 %) long-term and 107
(72 %) short-term patients. No major difference for clinical
demographics between the groups was detected (Table 1), in-
cluding pre-operative BMI for the 2- vs 10-year groups
(51.5 ± 9.8 vs. 50.1 ± 8.1 kg/m2, p = 0.24).

Nutrient Supplementation and Testing

Nutrient supplementation was significantly higher in the
short-term vs. long-term group, including multivitamins
(p = 0.05), iron (p = 0.02), and folate (p = 0.006) (Table 2).
Although we observed no statistical difference in circulating
zinc levels or the proportion of patients receiving vitamin
B -12 o r v i t am in D supp l emen t a t i on , c a l c i um
supplementation was higher in short- vs. long-term patients
(p = 0.01).

Health Care Professional and Blood Analysis

Time since last surgeon follow-up was significantly less
in the short-term vs. long-term group (13.3 ± 7.8 vs.
86.9 ± 39.9 months, p < 0.001), and there was no differ-
ence in the las t PCP fol low-up (3 .1 ± 4.3 vs .
3.7 ± 3.4 months, p = 0.21). Additionally, the short-term

group had a more recent CBC assessment compared with
the long-term group (12.2 ± 6.2 vs. 33.2 ± 10.9 months
p < 0.0001). The %EBMI was reduced more in the short-
term vs. long-term group (71.2 vs. 58.2 %, p < 0.001)
(Table 3).

Multivariate Logistic Model

Using logistic regression, we controlled for time since
surgery, %EBMI reduction, pre-operative comorbidities,
as well as time since last PCP and bariatric surgeon visit
to determine predictors of multivitamin use. Table 4
demonstrates the odds ratios for each predictor with time
since the last bariatric surgeon visit being the strongest
prognosticator (OR 0.97, p < 0.001). Both pre-operative
GERD and %EBMI reduction correlated but were not
predictive of multivitamin use. The model had moderate
discriminatory power (c = 0.797).

Table 1 Pre-operative
demographics for 2-year versus
10-year RYGB patients

Variable 2 years (n = 107) 10 years (n = 172) p value

Age (years) 45.6 ± 11.9 43.2 ± 9.5 0.09

Sex (% female) 81.9 80.4 0.75

Race (% white) 88.79 91.6 0.39

Pre-operative BMI (kg/m2) 51.5 ± 9.8 50.1 ± 8.1 0.38

Psychiatric history (%) 14.8 9.35 0.19

Gastroesophogeal reflux disease (%) 30.8 31.0 0.98

Obstructive sleep apnea (%) 61.6 52.3 0.10

Degenerative joint disease (%) 58.9 58.7 0.98

Diabetes mellitus (%) 68.2 61.3 0.25

Hypertension (%) 41.1 50.9 0.12

A p value of p < 0.05 was denoted for statistical significance and was calculated using Chi2 and Mann-Whitney
U. Data are mean ± standard error of the mean or percentage

RYGB Roux-en-Y gastric bypass, BMI body mass index

Table 2 Nutrient supplementation for 2-year versus 10-year RYGB
patients

Variable 2 years 10 years p value

Multivitamin (%) 70.3 58.9 0.05

Iron supplement (%) 84.2 67.1 0.02

Folate supplement (%) 14.2 4.5 0.01

Vitamin B-12 supplement (%) 54.2 47.1 0.26

Vitamin D supplement (%) 48.3 51.4 0.63

Calcium supplement (%) 49.5 32.9 0.01

Time since last CBC (months) 12.2 ± 6.2 33.2 ± 10.9 <0.0001

Zinc level (%) 8.2 9.3 0.43

Demonstrates nutrient supplementation, p value of p < 0.05 was denoted
for statistical significance and was calculated using Chi2 and Mann-
Whitney U. Data are mean ± standard error of the mean or percentage

CBC complete blood count
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Discussion

The major finding from this study was that bariatric surgeon
follow-up with independently predictive of multivitamin use.
Additionally, iron, B-12, folate, and calcium supplementation
were lower at 10 vs. 2-year post-RYGB in formerly morbidly
obese adults. Iron deficiency is the most common complication
following RYGB and frequently leads to anemia in males and
females, especially of menstruating age [16, 17]. A prospective
study by Brolin et al. demonstrated oral iron supplementation
post-operatively reduced the incidence of iron deficiency ane-
mia in patients routinely monitored for this complication over
2 years [18]. However, there are no data available on patients at
10 years to understand the long-term effects of RYGB on iron
deficiency. In our study, patients within 2 years of surgery had a
CBC measured to screen for anemia during the previous year
and nearly 82 % of people consumed iron supplements, sug-
gesting low risk for anemia. In contrast, patients at 10 years
post-RYGB surgery averaged 3 years since their last CBC and
had significantly less iron supplementation. Together, our find-
ings suggest that long-term RYGB patients may experience
greater risk for anemic like complications related to chronic
fatigue that can significantly affect physical daily activity.
Further research is required to determine if iron supplementation
and/or increased consumption of iron-rich foods overtime in
post-RYGB patients can prevent iron deficiency symptoms
and contribute to the preservation of weight loss.

B-vitamins and zinc are important micronutrients that con-
tribute to energy metabolism and immune health. Folate, B12,
and zinc deficiency after RYGB are a well-known phenome-
non [19, 20] and collectively have been suggested to contrib-
ute to increased incidences of fatigue and neuropathy [20].
Unfortunately, the optimal supplementation regimen to pre-
vent such conditions has not been elucidated. Nonetheless,
recent work by Moore et al. highlights the significance of
increased (>1000 %) folate and B12 levels on body weight
parameters and laboratory indices following 3 months of sup-
plementation post-RYGB [21]. The long-term effects of this
rapid rise on micronutrient levels are unclear and require fur-
ther investigation in a prospective fashion. Nonetheless, we
report here for the first time at 10 years that our patients were
significantly less likely to be taking folate or B12 supplemen-
tation. These findings suggest that patients 10-year following
RYGB surgery may be at higher risk for B-vitamin related
deficiency disorders. Although our study did not specifically
capture data on neurological complications seen with vitamin
B deficiencies, it is worth noting that less than 10% of patients
in each group had zinc levels examined post-operatively.
Moreover, the percentage of people achieving their ideal
BMI at 10 years relative to 2 years suggests that people most
likely increased food intake, and this rise in nutrient intake
may have offset changes in nutritional supplementation needs.
Nevertheless, if our findings persist over time, then people
may be at increased risk for micronutrient deficiencies due

Table 4 Multivariate logistic
regression for multivitamin use Parameter Odds ratio [95 % CI] Wald Chi-Square p value

Last surgeon visit 0.973 [0.961, 0.984] 20.9224 <0.0001

Last PCP visit 1.055 [0.959, 1.160] 1.2018 0.273

Interval since surgery 1.056 [0.919, 1.213] 0.5743 0.4486

%EBMI 0.992 [0.983, 1.002] 2.3608 0.1244

Obstructive sleep apnea 2.066 [0.760, 5.612] 2.0381 0.1534

Cardiac comorbidity 1.524 [0.540, 4.296] 0.6506 0.4199

Degenerative joint disease 1.039 [0.550, 1.960] 0.0127 0.9104

Diabetes mellitus 0.607 [0.274, 1.343] 1.4179 0.2338

GERD 1.907 [0.891, 4.084] 2.7687 0.0961

Hypertension 1.341 [0.672, 2.674] 0.6937 0.4049

Table 3 Health care professional
follow-up and weight loss for 2-
year versus 10-year RYGB
patients

Variable 2 years 10 years p value

Time since last surgeon follow-up (months) 13.3 ± 7.8 86.9 ± 39.9 <0.001

Time since last PCP follow-up (months) 3.1 ± 4.3 3.7 ± 3.4 0.21

Follow-up BMI (kg/m2) 33.1 ± 7.4 35.4 ± 8.6 0.03

% EBMI Reduction 70.4 ± 24.1 58.6 ± 34.1 <0.001

A p value of p < 0.05 was denoted for statistical significance and was calculated using Chi2 and Mann-Whitney
U. %EBMI = ((pre-op BMI – 25) – (interval BMI – 25))/(pre-op BMI – 25). Data are mean ± standard error of the
mean
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to anatomical changes in the gastrointestinal tract that in-
creases the likelihood for neurological disorders.

Vitamin D deficiency is commonly reported in obese
patients, especially those undergoing RYGB surgery [10].
This is clinically concerning because vitamin D deficien-
cy has been linked to not only bone mineral loss, but also
increased risk of hypertension and type 2 diabetes [22].
Moreover, alterations in calcium absorption increase risk
for bone disorders during weight loss [9]. As a result,
alterations in nutrient intake post-RYGB may adversely
impact vitamin D and calcium related metabolic health.
Several studies have examined the effect of vitamin D
and calcium supplementation before and after surgery to
determine the impact on bone metabolism, metabolic
health and parathyroid hormone (PTH) levels [23].
Overall, the results from these studies suggest that vitamin
D plays a critical role in bone metabolism, regulation of
body calcium, and amelioration of hypertension after
RYGB [23, 24]. In fact, Carlin et al. demonstrated that
50,000 IU of vitamin D weekly after RYGB corrects vi-
tamin D depletion in women and attenuates cortical bone
loss. [25]. In the current study, we did not observe signif-
icant differences in vitamin D supplementation at 2- or
10-year post-RYGB, likely due to the fact that vitamin
D supplementation has become commonplace in the gen-
eral population. However, we did find that calcium sup-
plementation was significantly lower at 10 compared to
2 years. This finding is consistent with increased rates of
bone loss following RYGB; however, we are unaware of
prospective studies examining supplementation after
RYGB [24]. We did not perform assessments of bone
mineral density in the current study via DEXA, but our
findings are consistent with Santos et al. [26]. Thus, ad-
ditional work is warranted in patients to understand the
effect of calcium supplementation on the preservation of
bone mineral density to prevent osteoporosis and bone
disorders.

There are many underlying causes for the major bariatric
surgeons are more focused on the metabolic effects and com-
plications of RYGB. At our institution, a registered dietician
(RD) also sees patients during follow-up visits for further
counseling on the importance of nutrient supplementation.
Additionally, at our center, it is standard work for all patients
to have a CBC and electrolytes checked at each follow-up
appointment. A standard PCP visit lacks this multidisciplinary
approach; consequently, there is likely to be less emphasis on
appropriate micronutrient supplementation and targeted labo-
ratory monitoring. Primary care physicians face many chal-
lenges in their clinic including addressing multiple chronic
medical conditions, preventative screening and often several
patient complaints. With the agenda already so busy during
these visits, it is often difficult for primary care physicians to
address all these concerns in addition to the unique challenges

that face this specific population. Taken together, our results
suggest it is critical to develop a standardized multidisciplin-
ary approach to address patient’s needs in order to prevent the
late complications of RYGB.

There are several limitations to this study that may affect our
interpretations. First, the decline in nutrient supplementation at
10 years may be the result of increased food intake. Although
people at 10 years were less likely to achieve ideal BMI and
increased food may over time offset needs for nutrition supple-
mentation, it remains possible that alterations in gut physiology
could promote malabsorption of various nutrients. Therefore,
our findings of differences in body weight at 2- vs. 10-year
post-RYGB do not negate the possibility that micronutrient de-
ficiency. Second, our cross-sectional analysis was retrospective
in nature and may limit the generalization of findings to indi-
viduals who complete follow-up visits. Nevertheless, the data-
base we used to track patients undergoing RYGB surgery has
been prospectively collected for the past 30 years and is regu-
larly updated when patients are seen in follow-up. There have
been efforts to maintain yearly follow-up beyond 2 years but
due to the large referral base, the geographic distance of many
patients from our medical center, the role of PCP in following
these patients on a regular basis, and the cost and time of visits
for the patient who feels well and in good health, achieving
better follow-up in person has been challenging. Third, tele-
phone survey follow-upmay have improved the yield of clinical
outcomes, but it is limited by a lack of objectivity. However,
telephone follow-up has been validated in the bariatric popula-
tion and provides useful information about metabolic health of
individuals unable to attend onsite medical visits [27]. Fourth,
nutrition assessment of macronutrients was not obtained in this
study. Yet the consumption of low-carbohydrate (i.e., more pro-
tein) vs. higher carbohydrate diets has had little difference on
weight loss post-bariatric surgery up to 1-year post-op [28]. As a
result, it is unclear if macronutrient differences should be a nu-
tritional focus vs. emphasis on well balanced diets to alter met-
abolic risk.

In conclusion, we report a critical gap in micronutrient
monitoring and supplementation between 2- and 10-year fol-
lowing RYGB. In addition, we show here for the first time a
major disparity between bariatric team and PCP follow-up that
is independently associated with multivitamin use. This study
represents the first 10-year nutrient reporting and highlights
need to focus medical nutritional care toward life-long health
of patients following RYGB. Taken together, we show that
individuals undergoing RYGBmay have higher risks for mal-
nutrition screening and require increased medical nutrition
attention to prevent metabolic health issues related to anemia,
neuropathies, and bone disorders. Therefore, further work is
required to identify optimal multidisciplinary follow-up strat-
egies with registered dietitians, exercise physiologists, PCP
and bariatric surgeons to promote life-long healthy weight
management and metabolic disease prevention.
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