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Abstract

Background & Aims: Little is known about prevalence and risk factors for nutritional
deficiencies in adolescents after metabolic bariatric surgery. We performed a 5-year prospective
cohort study of these.

Methods: Adolescents who had Roux-en-Y gastric bypass (RYGB, n=161) or vertical sleeve
gastrectomy (VSG, n=67) were enrolled at 5 tertiary-care centers from March 2007 through
February 2012. The final analysis cohort included 226 participants (161 who had RYGB and 65
who had VSG). We measured serum levels of ferritin; red blood cell folate; vitamins A, D, B1,
B12; and parathyroid hormone at baseline and annually for 5 years. General linear mixed models
were used to examine changes over time and identify factors associated with nutritional
deficiencies.

Results: The participants were 75% female and 72% white, with a mean age of 16.5+1.6 years
and mean body mass index of 52.7+9.4 kg/m? at surgery. Mean body mass index decreased 23% at
5 years, and did not differ significantly between procedures. After RYGB, but not VSG, serum
concentrations of vitamin B12 significantly decreased whereas serum levels of transferrin and
parathyroid hormone increased. Ferritin levels decreased significantly after both procedures.
Hypo-ferritinemia was observed in 2.5% of patients before RYGB and 71% at 5 y after RYGB
(P<.0001), and 11 % of patients before VSG and 45% 5 y after VSG (P=.002). No significant
changes in serum levels of folate or vitamins A, B1, or D were found between baseline and 5y
after either procedure. By 5y, 59% of RYGB and 27% of VSG recipients had 2 or more nutritional
deficiencies. Risk factors associated with specific deficiencies included surgery type, female sex,
black race, supplementation intake, weight regain, and for females, pregnancy.

Conclusions: In a prospective study of adolescents who underwent RYGB or VSG, we observed
nutritional deficiencies by 5y after the procedures—particularly in iron and B12 after RYGB.
Ongoing nutrient monitoring and supplementation are recommended for all patients, but surgery
type, supplementation intake, sex, and race might affect risk.

ClinicalTrials.gov number, NCT00474318.
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INTRODUCTION

Nutritional deficiencies are a significant concern following metabolic bariatric surgery, and
may lead to osteoporaosis, chronic anemia and/or permanent neurological deficits if
unrecognized or inadequately managed.®: 2 Lifelong micronutrient supplementation is
therefore recommended.3 While prevalence of nutritional deficiencies has been estimated
largely from adult cohorts?, bariatric surgery is an increasingly accepted treatment for severe
obesity in youth.> Yet, lower adherence to supplementation® and anticipated longer lifespan
with altered gastrointestinal physiology may increase risk of adverse nutritional outcomes in
these youth.

Earlier studies investigating nutritional deficiencies after adolescent bariatric surgery were
retrospective, single center studies.”: 8 In 2015, the Teen-Longitudinal Assessment of
Bariatric Surgery (Teen-LABS) consortium, a multicenter prospective observational study,
reported worsening iron and B12 status, but no significant changes in vitamin A, D, B1,
folate or albumin levels, in adolescents 3 years after Roux-en-y gastric bypass (RYGB) or
vertical sleeve gastrectomy (VSG).? However, deficiencies may progress over longer
duration, as nutrient stores are further depleted. A recent multicenter prospective study
following 81 adolescents after RYGB found nutritional deficits in 72% by 5 years. Yet this
study lacked VSG recipients, now the predominant procedure performed in adolescents and
adults and presumed to carry lower nutritional risk.10 Further, no prior studies have
examined specific clinical or demographic factors associated with nutritional deficiencies
after surgery. ldentifying high-risk youth and risk factors could inform screening,
prevention, and earlier intervention.

We therefore aimed to characterize longitudinal changes in iron status, vitamins B12, B1,
folate, A, D, albumin, and calcium homeostasis (PTH) in adolescents over 5 years after VSG
or RYGB and to determine factors associated with nutritional deficiencies. We hypothesized
that deficiencies would increase over time, particularly after RYGB, and that lower
supplement intake and female sex would be independent risk factors.

METHODS AND MATERIALS

Population

The observational Teen-LABS cohort study (NCT00474318) enrolled 242 adolescents,
13-19 years old, undergoing laparoscopic bariatric surgery (March 2007 - February 2012) at
five U.S. centers. Methodological details and CONSORT diagram have been previously
described.® The study was approved by each center’s Institutional Review Board. All
parents/guardians and adolescents provided written informed consent or assent.

The analysis cohort included 226 participants (RYGB n=161, VSG n=65), excluding 14 who
underwent adjustable gastric banding and 2 who underwent VVSG with preexisting conditions
that could impact nutritional biomarkers (see Supplemental Material).
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Age, sex, race, ethnicity, household demographics, height, weight, BMI, and comorbidities,
were collected within 30 days of operation at in-person visits.?

Blood samples and clinical data were obtained at baseline and 6, 12, 24, 36, 48 and 60
months post-surgery. The Northwest Lipid Metabolism and Diabetes Research Laboratories,
(Seattle, Washington) measured serum ferritin, transferrin, vitamin B12, erythrocyte
transketolase activity coefficient (B1 status), red blood cell folate, vitamin A, 25-
hydroxyvitamin D (25-OH-D), parathyroid hormone (PTH), and albumin.? High sensitivity
C-reactive protein (hs-CRP) was measured to account for systemic inflammation.

Abnormal values were defined as: hypoferritinemia, females <10 pg/L and males <20 pg/L;
high transferrin, females >382 mg/dL and males >392 mg/dL; low vitamin B12 <145
pa/mL; low B1 status, erythrocyte transketolase activity coefficient =1.30; low folate <5.8
ng/mL; low vitamin A <301 pg/L; low vitamin D deficiency <20.1 ng/mL; elevated PTH
>88 pg/mL; hypoalbuminemia <3.5 g/dL, elevated hs-CRP>1.0 mg/dL.%11

Multivitamin, iron, calcium, vitamin D and B12 supplements were recommended at each
visit, following standard of care guidelines. 4 Participants reported intake of these nutritional
supplements at each visit, and frequency taken per week was estimated. We assessed
metformin and acid suppression intake (histamine blockers and proton pump inhibitors) as
they may influence iron and B12 status.12-14

For females, we recorded pregnancy history and categorized menstrual frequency as
amenorrhea (<3 menses per year), oligomenorrhea (4-9 menses per year) or normal menses
(=10 menses per year).

Statistical Analysis

The distributions of all variables were assessed. Non-normally distributed nutrient
biomarkers were log transformed (ferritin, B12, PTH and hs-CRP). Categorical variables are
presented using frequencies and percentages, while continuous variables are presented as
means and standard deviations or medians and 25! and 75t percentiles (as interquartile
range [IQR]). We examined nutrient concentrations over time (visit) for each surgery group,
focusing on changes during 3 intervals: 1) baseline to year 1, the period of rapid weight loss;
2) the linear trend between year 1 to 5, the period of relative weight stabilization; and 3)
baseline to year 5, the net change. Visit was treated categorically for the baseline to years 1
and 5 comparisons, whereas the trend across visits was fitted for years 1 to 5 comparison
using a linear model. Tukey-Kramer adjustment was used when testing categorical
differences over time. The same approach was used for determining change in prevalence of
abnormal nutritional biomarker levels over time. We used generalized linear mixed models
(GLMM) to examine change over time for both continuous and categorical outcome
variables. A logit link was used for categorical outcome variables. Subject was used as the
repeated variable with random terms of intercept and site.

The GLMM approach also was used to identify predictors of nutritional status 1 to 5 years
post-operatively. Prespecified variables included visit, surgery type, sex, race, caregiver
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educational level and baseline nutritional level as fixed effects, and study center as a random
effect. Weight change between visits and self-reported multivitamin use were included as
time-varying covariates. Additional variables (see Supplemental Material) were included for
specific models.

We also analyzed potential effects of pregnancy and irregular menses on nutritional status in
females. Pregnancy at each visit was defined as being either currently pregnant or within 6-
months post-partum.

A p<0.05 was considered statistically significant. Sensitivity analyses and analyses to
account for missing data are described in Supplemental Material.1> All authors had access to
the study data and reviewed and approved the final manuscript.

Participant characteristics

Iron status

The cohort (Table 1) was predominantly female (75%), white (72%) and non-Hispanic
(93%). At baseline, mean age (£SD) was 16.5 (x1.6) years and mean BMI was 52.7 (£9.4)
kg/mZ2. The mean BMI declined similarly in RYGB and VVSG over 5 years (Table 2), with no
appreciable changes in height.

Median levels and IQR of all nutrition related-biomarkers over the 5-year period by surgery
group are shown in Figure 1 and Table 2. Prevalence with 95% confidence intervals of
abnormal nutritional biomarkers are shown in Figure 2 and Supplemental Table 1.

By 5 years, ferritin levels had decreased and hypoferritinemia had increased significantly
after both RYGB and VSG. In the first year, iron status worsened significantly only after
RYGB, but thereafter, significant changes occurred after both procedures. Correspondingly,
transferrin levels increased significantly across all periods after RYGB, while prevalence of
high transferrin increased significantly after year 1. Transferrin levels increased significantly
1 to 5 years after VSG, though the prevalence of high transferrin remained low, with non-
estimable changes.

Because inflammation can increase ferritin, we assessed hs-CRP levels, which declined
significantly in the first year after both RYGB and VSG then remained stable thereafter.

B vitamins and folate

After RYGB, net vitamin B12 levels declined significantly (Figure 1), after a non-significant
decline in the first year (p=0.06). Though prevalence of low B12 increased significantly after
year 1, the net increase was not significant (p=0.06, Figure 2). In contrast, after VSG, there
was no significant net decline in vitamin B12 levels, despite a significant decline in the first
year. Changes in prevalence of low vitamin B12 were not estimable or non-significant after
VSG due to the small proportion of low values.
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Vitamin B1 status (erythrocyte transketolase activity) did not change following either
surgery, with low prevalence of abnormal activity at all time points.

After RYGB, there was a transient decline in folate levels and an increase in low folate at 6
months (Figures 1 and 2) but no net change at 1 year. Thereafter, folate levels increased
significantly, resulting in a significant net increase from baseline. There was no net change
in prevalence of low folate from baseline to year 5, despite a significant decline after year 1.
After VSG, folate levels significantly declined by 1 year, then stabilized with no significant
overall change. There was also no net change in prevalence of low folate.

Vitamins A and D, and parathyroid hormone

There was no significant net or interval change in vitamin A levels or low vitamin A after
RYGB or VSG, despite a transient increase in low vitamin A levels 6 months after RYGB
(Figure 2).

There was no net change in 250H-vitamin D levels after either procedure, though levels
significantly declined from year 1 onwards. Likewise, there was no net change in prevalence
of vitamin D deficiency after either procedure, despite an upwards trend 1 year after RYGB.

Conversely, PTH levels increased significantly over 5 years after RYGB. The prevalence of
elevated PTH also increased between 1 and 5 years. After VSG, PTH levels were unchanged
and prevalence of elevated PTH remained very low, with no estimable differences.

Serum albumin

Serum albumin levels increased in the first year after RYGB, then remained stable. There
were no significant changes after VSG. The proportion of patients with hypoalbuminemia
was very low after both procedures.

Multiple nutritional deficiencies

The proportion of patients with =2 nutritional deficiencies increased over 5 years after
RYGB (from 12% to 59%, p<0.0001), but not VSG (from 6% to 27%, p=0.09)
[Supplemental Figure 1]. Likewise, the prevalence of =3 nutritional deficiencies increased
following RYGB (from 3% to 19%, p=0.0005), but remained very low after VSG (from 2%
to 2.3%).

Nutritional supplements and nutritionally-relevant medications

Reported intake of recommended nutritional supplements (multivitamin, calcium, vitamin D,
iron, B12) varied by supplement type and over time (Supplemental Table 2). Multivitamin
use declined from 74% at baseline to 53% by year 5. Intake of other supplements was lower
at baseline (range 14% to 38%), increased by 6 months, but then steadily declined by year 5,
except for iron.

Acid suppressant medication was taken by 15% of participants at baseline, increased to 32%
at 6 months, then declined steadily to 7% at 5 years. Metformin usage decreased from 26%
at baseline to <4% thereafter.
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Risk factors associated with nutritional deficiencies

Multivariable models identified factors associated with nutritional biomarker levels (Table 3)
and odds of abnormal nutritional values (Table 4) from 1 to 5 years post-operatively. Models
predicting abnormal B12 values did not converge.

Compared to VSG, RYGB was associated with lower ferritin and higher transferrin levels,
lower vitamin B12, vitamin A and PTH levels, and higher risk of abnormal values of ferritin,
transferrin, vitamin A, and PTH.

Compared to male sex, female sex was associated with lower ferritin and higher transferrin
levels, but higher folate and 250H-vitamin D levels. There was no difference in risk of
abnormal values by sex.

Compared to white race, black race was associated with higher ferritin and lower transferrin,
but lower folate, vitamin A and 250H-D, and higher PTH levels.

Weight gain (+5 kg/year) between visits was associated with lower ferritin and higher
transferrin levels, but not with higher odds of abnormal values. Interval weight gain also was
associated with lower 250H-D and higher PTH levels, and higher odds of vitamin D
deficiency. Conversely, interval weight gain was associated with higher folate and vitamin A
levels and lower odds of low folate.

Acid suppression medication intake was not associated with iron or vitamin B12 status.
Higher hs-CRP was significantly associated with higher ferritin, lower transferrin levels and
reduced odds of low ferritin.

Greater multivitamin intake was associated with higher ferritin, vitamin B12, folate, vitamin
A, and 250H-D levels and reduced odds of vitamin D deficiency. Increasing frequency of
oral vitamin B12 supplementation was positively associated with higher B12 levels.
Similarly, increasing intake of vitamin D was associated with higher 250H-D levels and
lower odds of vitamin D deficiency. Vitamin D and calcium supplementation were not
associated with PTH levels or abnormal PTH.

Among the 170 female participants, 49 visits occurred <6 months of a pregnancy: 36 visits
after GB and 13 visits after VSG. Pregnancy was associated with higher transferrin (beta
estimate + standard error 26.0 + 7.03, p=0.0002), higher odds of high transferrin (odds ratio
4.65, 95% CI: 1.95, 11.1, p=0.01) and lower vitamin B12 (beta estimate —0.26 + 0.10,
p=0.01), but no other nutrient markers. Menstrual frequency and iron status were not
associated.

DISCUSSION

Bariatric surgery is increasingly recommended for adolescents suffering from severe obesity
to achieve significant, sustained weight loss and resolve comorbid diseases.?: 10: 16 However,
the considerable metabolic benefits are tempered by a risk of developing nutritional
deficiencies due to altered gastrointestinal physiology and dietary intake. Systematic
assessment in adolescents has been limited, particularly after VSG, now the most commonly
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performed procedure across all ages.% 10 Yet, adolescents may be at heightened risk due to
low adherence to supplementation and a longer potential lifespan with altered physiology.®
Associated clinical and demographic risk factors, needed to inform screening, prevention
and treatment strategies, are unknown. We addressed these gaps by examining nutritional
outcomes over 5 years in a large multicenter prospective cohort of adolescents who received
RYGB or VSG.

The most prevalent abnormality we observed was hypoferritinemia, which affected nearly
twice as many RYGB recipients by year 5 compared to VSG. Vitamin B12 status likewise
worsened disproportionately after RYGB, despite similar trajectories of weight loss after
VSG. This suggests that the differential risk is due to anatomical and physiological
differences between procedures, rather than weight loss alone. In aggregate, RYGB was
associated with a striking 5-fold increase in =2 deficiencies and 6-fold increase in =3
deficiencies by 5 years. VSG resulted in a 4-fold, though non-significant, increase in >2
deficiencies, supporting a lower, but not negligible, nutritional risk.

The increase in iron and B12 deficiencies after RYGB in our cohort are aligned with those
reported in a 5-year longitudinal Swedish cohort of 81 adolescents undergoing RYGB.10 In
that cohort, the prevalence of low ferritin and/or iron increased from 24% at baseline to 66%
at 5 years, compared to a hypoferritinemia prevalence of 71% at 5 years in our RYGB group.
Vitamin B12 deficiency was rare preoperatively (<1%) in both cohorts, but increased to 22%
in the Swedish study vs. 12% in our cohort. Vitamin D deficiency was common at baseline
in both cohorts and did not appreciably change.

High rates of iron and vitamin B12 deficiency have also been reported in adults after
bariatric surgery.3 Reported iron deficiency ranged from 22-45% after RYGB and 18-36%
after VSG in adults, somewhat lower than in our study. The prevalence of vitamin B12
deficiency in adults is comparable, and generally higher after RYGB (9%-42%) than VSG
(5-15%).% In addition to adherence to supplementation®, multiple factors can impact
nutritional status, including inadequate dietary intake, supplement formulation,
coadministration with other supplements (e.g. vitamin C with iron), impaired digestion or
absorption resulting from bypassing the proximal small intestine, small intestinal bacterial
overgrowth, and reduced gastric acid production.1”: 18 Over time, deficiencies in iron and
B12 can lead to anemia, fatigue, exercise intolerance, neurological dysfunction, and
infertility, but the long-term risk of these outcomes among adolescent recipients remains
unknown.1®

Both adults and adolescents have high rates of vitamin D deficiency pre- and post-
operatively, raising long-term concern for impaired bone health and fracture risk.2: 20 The
preoperative prevalence of vitamin D deficiency in our cohort (37%) was lower than rates
reported in adult bariatric cohorts (range 60-80%)3: 4, which may, in part, reflect age-specific
or secular trends in increased vitamin D supplementation.?! Other preoperative
micronutrient deficiencies were uncommon in our cohort, in contrast with higher
preoperative rates reported in adults (B12, thiamin, folate and iron).3 4
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Our study is the first to assess comparative nutritional outcomes in adolescents after both
VSG and RYGB. VSG is now the predominant bariatric surgery in adolescents and adults
due to limited anatomical alteration, lower operative risk, and presumed lower risk of
nutritional deficits.22 Our results now provide critical evidence that VSG does in fact carry
significantly lower nutritional risk than RYGB, but can still worsen iron status.

Some nutrient levels declined acutely only during the 6-12 months of rapid weight loss, and
then either improved (folate) or remained low (vitamin A after RYGB). We previously found
that dietary intakes of calcium, iron, folate, zinc and vitamins A and D were reduced in the
first year after bariatric surgery.23 Our findings support the recommendation to avoid
pregnancy in the first 1-2 years after surgery and to carefully monitor nutritional status,
dietary intake and supplementation during pregnancy.24

Recognizing that dietary intake and composition in the first postoperative year may not
reflect long-term intake23 25, we also assessed changes in nutritional status from 1 to 5 years
to determine if risk evolves over time. The continued increase in iron, B12 (RYGB only),
vitamin D deficiencies and abnormal PTH (RYGB only) after the first postoperative year is
particularly worrisome, given the longer potential lifespan of these youth. Additionally, we
identified risk factors associated with worsening nutritional status after the first year. These
included RYGB (iron, B12, vitamin A and PTH status), female sex (iron), interval weight
regain after the first year (iron, vitamin D, PTH), and black race (vitamin A, vitamin D,
PTH). We hypothesize that higher risk associated with weight regain could in part be due to
higher intake of high calorie, nutrient-poor processed foods, and for low vitamin D, the
known association with worsening obesity.28 Racial variation in iron and vitamin D status
have been reported in other cohorts and merits investigation to determine mechanisms.26: 27
Pregnancy was also a risk factor for worse iron and vitamin B12 status. Notably, acid
suppression was not related to iron or vitamin B12 measures. Inflammation, as measured by
hs-CRP, was related to higher ferritin and lower transferrin levels, emphasizing the need to
account for inflammation when using these measures. As expected, increased intake of
multivitamin, B12 and D supplements was associated with better nutritional measures,
underscoring the importance of adequate supplementation and promoting adherence.

Strengths of our study include the multicenter prospective design, high retention,
standardized data collection and use of a central laboratory. Limitations included some
missing data, however we employed a robust statistical approach. We were also limited to
available nutritional measures, which precluded fully characterizing iron and vitamin B12
nutriture. In addition, other nutrients including copper, zinc and vitamin E were not
assessed.3 Self-reported supplement intake is likely to have appreciable error, possibly
biasing findings towards the null, and data on dietary intake and non-recommended
supplement intake were lacking.

In summary, bariatric surgery in adolescents was associated with increasing prevalence of
several nutritional deficiencies over 5 years, with greater risk after RYGB, particularly for
iron and B12 deficiency. In addition to surgical type and inadequate supplement intake,
weight regain, black race and pregnancy were associated with heightened risk for selected
deficiencies. Our findings underscore the importance of long-term nutritional monitoring in
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adolescents after bariatric surgery and the need to examine impact on health outcomes and
quality of life as these youth advance into adulthood, including systematic assessment of
anemia and bone health. The lower, albeit not negligible, nutritional risk of VSG also
highlights the importance of examining nutritional outcomes in recipients of endoscopic
sleeve and other bariatric procedures, as their use is likely to increase.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What You Need to Know
Background:

Little is known about nutritional deficiencies in adolescents after metabolic bariatric
surgery.

Findings:

In a prospective study of adolescents who underwent RYGB or VSG, we observed
nutritional deficiencies by 5 y after the procedures—particularly in iron and B12 after
RYGB.

Implications for patient care:

Adolescents who undergo bariatric surgery should be monitored for nutrient deficiencies.
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Nutritional measures by surgery group over time. * change from baseline to 5 years p<0.05.
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Figure 2:
Prevalence of abnormal values by surgery group. * change from baseline to 5 years p<0.05.
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Table 1:
Participant characteristics of the analysis cohort by surgery type.

Data presented as mean (standard deviation) or n (%).

Variable Gastric Bypass (n=161)"  Sleeve Gastrectomy (n=65)
Age at surgery (years) 16.6 (1.6) 16.4 (1.6)
Sex (Female) 126 (78.3) 44 (67.7)
Race:
White 119 (73.9%) 44 (67.7%)
Black 35 (21.7%) 14 (22.5%)
Asian 1(0.6%) 0
American Indian or Alaskan Native 0 1(1.5%)
More than one race 6 (3.7%) 6 (9%)
Hispanic 15 (9.3%) 1(1.5%)
Household income:
<$25,000 51 (32.7%) 30 (50.0%)
$25,000-$49,999 31 (19.9%) 13 (21.7%)
$50,000-$74,999 28 (18.0%) 10 (16.7%)
>$75,000 46 (29.5%) 7 (11.7%)
Missing 5 5
Caregiver level of education:
<high school 11 (7%) 12 (19%)
High school graduate 47 (30%) 21 (34%)
Some college 67 (42%) 20 (32%)
College graduate 32 (20%) 9 (14%)
Missing 4 3
Insurance:
Caregiver has insurance 136/156 (87%) 53/62 (86%)
Patient covered by this insurance 93/136 (68%) 39/53 (74%)
Weight (kg) 150.9 (30.3) 144.4 (32.8)
Height (cm) 167.5 (8.5) 169.0 (10.2)
BMI (kg/m?) 53.7 (9.6) 50.2 (8.3)
Baseline diagnoses
Diabetes 25/161 (16%) 7/161 (11%)
Dyslipidemia 126/160 (79%) 44/63 (70%)
Elevated blood pressure 73/159 (46%) 23/63 (36%)
Abnormal kidney function 28/153 (18%) 7/59 (12%)
NAFLD 70/161 (44%) 18/64 (28%)
GERD 19/161 (12%) 10/64 (16%)
PCOS (females only) 27/125 (22%) 6/44 (14%)

*
The denominator is provided [n=] when the data were not available on all subjects

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 May 01.



Page 17

Xanthakos et al.

6€=N ep=N vp=N 8v=N 95=N 15=N 19=N
€80 100 66°0 (#07'00T) (FOT'00T) (0T'T'00T) (80T‘00T) (OT'T'00T) (2TT'00T) (L0O°T00°T)
su su su 00T 00T 00T 00T 00T 20T 00T Awo10anses anss|s
€TI=N 9TT=N 121=N 921=N LET=N €eT=N ¥ST=N
660 190 (soT'001T) (60T'00T) (80T'00T) (20T'00T) (80T'00T) (90°T'00T) (LOT'OT)
su 00 su 00T 00T 107 00T 10T 00T 0T ssedAg ouise
(qua1o134809 A11AIOR Bse|038SuUeI] 81AD04UIAIR) Tg UIWENA
=N 67=N vr=N 67=N G5=N 25=N £9=N
G0 0 (626°292)  (¥87'sve)  (vos‘ovz)  (Lzs'see)  (L6v‘eez)  (L15'892) (22l ‘z8¢)
su su ¥00°0 96€ 9g€ 8.€ 8¢ 0ge LTy Ges Awio10a1seD) 8n88|S
221=N 02T=N 627=N Z€T=N Zr1=N 9eT=N 6ST=N
900 (o6€ ‘e81)  (80v ‘vLT)  (z8£'88T)  (9z¥ ‘'s6T) (676 °'202)  (L85°292)  (TLS'S0E)
1000°0> 100 su 892 152 982 282 8T¢ 95¢ 1P ssedAg oLisen
(wy6d) zTg Ulwen
=N 67=N vr=N 67=N G5=N T6=N €9=N
600 660 (sve'992)  (vze'292)  (vze'osz)  (vie‘eve)  (8oe'6€e)  (So€ ‘egz)  (LOE ‘zv2)
su 90000 su ¥0€ 162 182 112 112 €92 12 Awi010a15e9) 9N39IS
221=N 02T=N 627=N ZET=N ZrT=N 9eT=N 09T=N
(29g°208)  (zre'8627) (29t ‘z6c)  (ose‘szz)  (6ze‘iSz)  (coe‘osz) (062 ‘Sva)
1000°0> 1000°0> 80000 0ge zee 9z¢ 80€ 782 082 99z ssedAg ouise
(w/Bw) uraasysued |
=N 67=N vP=N 67=N G5=N 25=N €9=N
86°0 (o6z'02) (02€'09) (see‘o6) (02€'06)  (0¥S'02T) (009 'sST)  (0°2S ‘0°8T)
2000 20000 su 0T 0T 0'8T 0'€Z 022 0'9¢ 008 Awo10anses anss|s
221=N 02T=N 621=N ZET=N Zr1=N 9eT=N 09T=N
(oet'oy) (ost'ov)  (09t‘ov)  (0oz'09)  (0Te‘o6) (S8 '0sT) (0L 'Sve)
1000°0> T000°0> 1000°0> 09 0L 08 06 g'8T 0.2 0'6¢ ssedAg ouise
(7/6n) untaed
67=N 16=N Sp=N 16=N 85=N £5=N G9=N
(8ov‘Tee) (s6e'608) (cov'ser) (r8e‘e6e) (L2e'162) (L6€'Gee) (672G T'Sh)
1000°0> 8000 1000°0> 028 L'vE L'vE L'€€ 1'€€ 8'se 08y Awio10a1se9) 8n88IS
¥€T=N 62T=N 0€T=N GeT=N v¥TI=N erT=N 19T=N
(zsv'oce) (zevr'ote) (6vv'vog) (0vy'soe) (Lzv'9og) (e9v'gee) (665 ‘8Sh)
1000°0> 2000 1000°0> 0'6€ G'l€ 7'9¢ G'Ge 8'Ge 6 625 ssedAg oLisen
(zw/Bx) 1INg
Agoyauljeseg  puaay deaul] AG 01 AT AT opeuljeseg L UEIPBN LUEIPAN LEIPSN LUEIPSN LUEIPSN LUEIPSN LUBIDANL yay rewiolq feuoniianN
%H_m_> U2aMiaq SaneA Jo uosiaedwod 4oy anjeA-d G Jeon b JeaA ¢ 1eon 7 Jeap T Jean syuow 9 auljeseg

‘sjuaasajope ul A1abins Awordansed ansals 1o ssedAq oLised Jale sieak aAl) JSAO S8y eWolg [euonINU Ul SpUall

‘¢ 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 May 01.



Page 18

Xanthakos et al.

T2T=N 121=N 62T=N 1€T=N ZrT=N L€T=N 09T=N
oo (9g'0'500) (8€0‘200) (6T°0'c0'0) (¥2'0'€00) (62°0'v0°0) (S50‘80°0) (02T ‘2€0)
1000°0> su 1000°0> 2T 100 80°0 900 600 220 690 ssedAg oLise
(p/Bw) ddo-sy
rP=N 67=N vp=N 67=N G5=N 25=N £9=N]
00T 110 86°0 (ov‘0ov) Sy TY) o) Sy TY) (O ‘TY) (v TY) (svov)
su su su (07 (587 Y % (507 (587 (07 Awo1anses ansals
ZeT=N 221=N 82T=N €eT=N ZrT=N 8eT=N 09T=N
9,0 Wy TY) (syor) (Sv'TY) Sy TY) ¥yov) v or) (e '67€)
€00 su €000 Y 4% (507 (587 Y 4% Tv ssedAg oLise
(Ip/6) utwungry
Tr=N L¥=N ¥P=N 67=N G5=N 29=N 29=N
760 250 660 (osv'oze) (oes‘o6z) (Svv'sre) (oer'ooe) (02s'082) (02€'062) (0Lv'0Le)
su su su 0'L€ 0'0v g'ee 028 0'Ce 0'Te g'le Awo1ases) anss|s
ZeT=N 8TI=N 62T=N TET=N ZrT=N GET=N 6ST=N
660 (0ze'ovy)  (0s2'oow)  (022'0Ty) (09 '0Ty)  (085'0ve)  (0°0G‘02e)  (0°€9 ‘0vE)
20000 1000°0> su 0'65 0'28 0'%S 0TS 0'9v 0Ty (74 ssedAg oLise
(w/6d) H1d
=N 87=N #7=N] 67=N GS=N 1S=N 29=N]
0 66°0 (162 '69T) (862 '8'LT) (98z'e8T) (¥62'LLT) (8Ge'c02) (e9¢'2ee) (L2e'CTTR)
su 800°0 su €T 922 82 0'€Z 112 99z 0'sZ Aworanses anse|s
6TT=N 021=N 62T=N 1€T=N ZrT=N y€T=N 6ST=N
00T 220 (92z'g2t) (F8z'9er) (B9z'Ter) (96z'0vT) (F1e‘0oLT) (22e'v21) (0'82'S'ST)
su 200 su L'6T €61 z0z 502 v'ee 8 v1e ssedAg oLise
(w/Bu) @ uwepA HO-S2
er=N 67=N vp=N 8r=N G5=N 0S=N T9=N
660 850 660 (ozg‘e6e)  (00S ‘T9g)  (216°29e) (/87 °29¢)  (viv'0s€)  (S0G ‘z9e)  (80S '69€E)
su su su €St Y47 62 6T A% 86€ oy Awo1anses ansals
T2T=N 021=N L2T=N 1€T=N ZrT=N ¥€T=N 85T=N
80 €0 680 (617 ‘'9e€)  (v8v‘z1e) (88 ‘T€€)  (L0G‘0ge)  (18%°'1z€)  (99v‘€1€)  (STS'0L€E)
su su su 98¢ 96€ €6€ 207 00v z8¢ 0y ssedAg oLise
(1/6n) v utwena
=N 87=N =N 67=N ¥5=N Z5=N 29=N
GL°0 AN (621'26) (F1e'ee) (0cz'se) (Foz'ee) (00z'c9)  (#'81'89) (0002 'LTT)
su su €00 9'€T TvT 81T 0'€T A 91T vLT Awo1anses anss|s
ZeT=N 0Z1=N 62T=N TET=N ZrT=N 9eT=N 85T=N
090 (0zz'6Tt) (0cz'str) (00z'vor) (821'66) (68T°28) (72169 (68T 'L0T)
€00 1000°0> su 0'LT 0'sT T L'€T zeT 1T T ssedAg oLise
(TwyBn) syejo
Agorauljeseg  puaaldesul] AG 01 AT AT o1 euljeseg L UBIPAIN LUBIPAN +EIPAN LUBIPAN LUEBIPSN LUBIPAN LUBIPANL jyaewolg reuonunN
S1ISIA U8aM1aQ San|eA Jo uosiaedwlod 1oy anjeA-d
1 G dBdA 1 JesA € dedA Z JeaA T dB3A syuow 9 auljasegd

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 May 01.



Page 19

Xanthakos et al.

"G Jeak pue T Jeak UsamIaq puall Joj 1S8) 01 PalLy SEM [3pOW Jeaul] v siulod-awil G Jeak pue suljaseq pue T Jeak pue sulfaseq Usamiaq Ssousiayip

Bunsa) usym pasn Juswisnipe Jawesy-Aan L *(SIaY10 &) erep PawIoysueun 1o (d4D-sY ‘Hld ‘2T ‘uniiuy) pawiojsues 6oj Buisn pawiosad S|apow paxiw Jeaul| pazijessush wo.y ase m%_ﬁ?n_uN

(a1musosed s/ *yy62) UeIPAIN

er=N 67=N] =N 67=N G5=N 25=N €9=N
900 (€90's00) (ve0'v00) (050'v00) (210'c0'0) (S0'€00)  (L#°0°'90°0) (80 '6T0)
100 su 1000 600 TT°0 9T'0 500 600 ¥1°0 ) Awojoanses ansals
Ago1auljeseg  puealdesul] A5 01 AT AT o1euljeseg L UBIPSIN LUEIPBIN +EIPAN LUEIPAN LUBIPSIN LUEIPBN LUBIPANL oy aewiong reuoniinN
+E_m_> U8aM1ag SanjeA Jo uosiaedwod 40y anjeA-d G Jeap b Jean £ Jeap 7 Jeap T Jeap syuow 9 suljeseg

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 May 01.



Page 20

Xanthakos et al.

Author Manuscript

2000°0=d 1000°0>d

A\ W\ WN VN WN (052 sv'6-  (S5000) 1€0 d¥osy
86'0=d L9'0=d v1°0=d
WN WwN WN VN (20'0) 200°0- (009) ¥z (0T°0) €0°0- uolssaiddns ploy
20°0=d 200°0=d ¥00°0=d 7000°0=d Le0=d £000°0=d v0°0=d
(too)eoo  (ST0)y0- (18T LTS (80°0)2€0 (T0°0) 600°0 (tro)eve  (100) €0°0- (A/63 G+) aBueyo JyBram
v50=d /8°0=d 61°0=d zLo=d Geo=d ezo=d v0°0=d
0 0 0 0 0 0 0 (souaiayal) jooyas ybiH>
(900)G00- (reT)880- (2Z91)S9z  (¥2°0) IS0 (600) €T°0 (er9)8sT  (€T0)8TO ajenpeub abs)0D
(90'0) ¥000 (2zT)850- (8¥T)€L9  (L9°0) L0'O- (80°0) ¥T'0 (98¢)zr'8  (21°0) T0'0- abajj0o
(90'0) v0'0- (ezT)¥6'0- (0ST)¥'6T  (29°0) SO0 (80°0) 2¢T'0 (06°9) 6¥'T (zT'0) LT'O ayenpelf SH
:uoneonp3
100°0=d 1000°0>d 200°0=d €0'0=d Le0=d 2000°0=d 20'0=d
0 0 0 0 0 0 0 (s0uaJaya1) AUYM
(to0o)voo v oze- (01T (080) ¥ST- (600) €T°0 (L29)9¥1-  (eT0)CT0 LYo
(wo0)eT0  (¥80)20s- (00T) G-  (Sv'0) ¥6°0- (s0'0) €00 (s6'€) e'GT-  (80°0) 6T°0 oelg
:90eYy
0L0=d 10°0=d 6g'0=d 20'0=d G6'0=d 1000°0>d 1000°0>d
0 0 0 0 0 0 0 [CRIEIETEN TN
(wo'0)t00  (920)68T  (vz6)9¥'S  (2v0)00°T (50'0) £00°0 woe)eve  (L0°0) 290~ aewa
X89S
€1°0=d 66'0=d or'o=d 7000°0>d v,:0=d 1000°0>d 7000°0>d
(soo)ero  WwrTieo (6€T) 2'ST-  (29°0) ¥SC (20°0) €0°0- (Gre)Tve  (TT°0) 69°0- G Jeap
(so0) 200 (€TI0  (LEN692-  (29°0) 90T (200) 0T°0- (ovg)ooe  (1T°0) 29°0- ¥ Jean
(so0)coo  (erm)seo  (QeMvvi-  (19°0)8T'T (20'0) €00~ (ce9) etz (0T0) €S0- € Jeap
(s00)co0  (80T)900- (zeT)€0r-  (65°0) L0 (20°0) ¥0'0- (eg)or9  (01T°0) 92°0- LN
0 0 0 0 0 0 0 T Jeap
7000°0>d €8'0=d 10°0=d 68°0=d 1000°0>d 1000°0>d 200°0=d
0 0 0 0 0 0 0 Awo109.11589) 9N9I|S
(wo'0)¥z0  (98°0)8T0  (¥'0T)6'92- (6v°0) 90°0- (90'0) 82°0- (8zv)zLt  (80°0) 92°0- ssedAg oLisen
:2dA1 A1abing
(Bol) HLd  QuiweNA v UlWenA arejo4 (Bof) zTg utwenA  upadysuedl  (Boy) untiaed
.. SI9A3] 1WaLINU JO s10)91paid o1ydesBowsp pue [eaiul|d
‘€ 9l1qeL

Author Manuscript

Author Manuscript Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 May 01.



Page 21

Xanthakos et al.

"3]qeLIBA U2Ba JO 90UBdIUBIS ||BISA0 104 1S3} 1081431 SaN[eA-d “(J0.Ja pJepuels) alewiss e1aq Buimoys anjea Boj Jo Mes Jayie se paj|apow Si [9A] JUSLINN
*

€5°0=d
0 (s0uassgal) 0
(s0'0) T0°0 +HT
(s00) 20'0 -1
(900) L0°0- 1>
VN VN VN VN VN mysjuswalddns winiofed
7000°0>d
?o_om 0£0 (9ousI8ya) 0
(200) L0'0 +,
1>
N WN N WN N wN imysjuswa|ddns ZTg ulepA
zro=d 7000°0>d
0 0 (s0uassgal) 0
(S0'0) s000  (S6'0) TGV +,
(so0)oTo- (20T)LTT 1>
VN VN VN VN VN Sm/siuawiajddns @ uiwenA
evo=d 7000°0>d 200=d 1000°0>d €00°0=d Gg0=d Go'o=d
0 0 0 0 0 0 0
(900)600- (sTT) S (€en)vve  (090) LG (200) 92°0 (9z9)6ec-  (0T°0) 220 (CUILIEIED )
(s0'0)90'0- (060007  (S6'6) 22’9 (Sv'0) GEC (90°0) 0T°0 (68'€) 92'1-  (80°0) L0'0- +1
(s00)co0- (860)9ze (€TT)G88- (1S0) VT (20°0) 800°0 wry) 26T (60°0) L0°0- vI-L
1>
mysjuswalddns utwenAnnn
(Bo) HLd  QuiweNA v UlWeNA arejod (6op) zTQ UtweNA  unadysuesl  (Boy) untassd

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 May 01.



Page 22

Xanthakos et al.

Author Manuscript

VN

VN

ye'0=d
(52'1'¢6'0) 80T

0g0=d
0T

(¥6'T ‘90°0) ££°0
(9z°€ '12°0) 28°0
(062 '2T°0) 09°0

6¢'0=d
0T

(62T 'v20)8LT
(956 'v2'0) €02

eT0=d
0T

VN

VN

500°0=d
(SZTY0T) ¥T'T

65°0=d
0T

(#T'¥ '6€0) 22T
(65°€ 'v7°0) 92'T
(T7'5'95°0) G2'T

¢000°0=d
01

(56'G‘T€°0) SE'T
(ve'8'v02) 2T'v

9z:0=d
0T

VN

VN

zro=d
(20T '28°0) 26°0

¥0°0=d
0T

(88°€ ‘60°0) 09°0
(T0T'T7°0) S0°C
(627 '9T°0) L8°0

90°0=d
0T

(569 '62°0) Zv'T
(1§ '1T'T) L¥'T

98:0=d
0T

VN

VN

10°0=d
(¥6°0 '2°0) €8°0

geo=d
0T

(£0'€'90°0) €¥°0
(557 '6T°0) €60
(9v'2 ‘0z°0) €2°T

G700=d
0T

(€5°2'55°0) €0'C
(L2'1'60°0) €€°0

vv0=d
0T

6e0=d
(T¥'T 's7°0) 08°0

vz 0=d
(26'T'€T°0) TS0

18°0=d
(02'T'98°0) T0'T

6T°0=d
0T

(§05‘0z°0) ¥T°€
(5°€9 '62°0) 92t
(8TE'2T0) 26T

og’0=d
0T

(€T2°2T°0) 150
(202 'sT°0) S50

80°0=d
0T

9000°0=d
(89°0 '¢€0) L¥'0

65°0=d
(Lz2'e90)6T'T

80°0=d
(LTT'66'0) 80'T

€9'0=d
0T

(927 '52°0) 99°0
(92'2'8€°0) 260
(z8'T'0£0) ¥2°0

16°0=d
0T

(862 '8€°0) L0'T
(LTz'2s0) 0T

ze0=d
0T

ddosy

uoissaiddns pIoy

(A/6% G+) abueyo wbispn

(souaiayal) jooyas ybiH>

ayenpelb aba|j0D

abs0D
ajenpesd SH

:uoneanp3

[CRIEIETET TN

Jy1o
0elg

1308y

(s9uauayai) afeN

(L6'7'62°0)06T (92T'er0)€L0 (STZ2'€50) 20T (L97T'82°0)89°0 (T'ST'G8°0)8GE (892 '08°0) L¥'T 3lewsad
X8
1€°0=d 89'0=d 19'0=d 600°0=d 10°0=d 1000">d
(gg°2's2'0)8cc (¢6'T'6€0) 280 (6€'G'TG0)G9T (82T'€00)6T0 (S62'G0T) 9GS  (€0T '9€2) ¥6'F G JBaA
(#9'9'%9°0) 207 (69T'9€°0) 2.0 (¥8¥'650)69T (202'8000) 00 (092 ‘'58°0) 89y (226 '60°7) 6EY 2SN
(#09'19°0) €6'T (29T '1€0) 0.0 (28°€'€50) 2T  (06'€‘0E°0) 80T (8'€2'vL0) T2y (LG'G'LC'T) 99 € JBaA
(98c‘or'0) €T (06T '870)G6'0 (2T'7'S90)¥9T (S92 ¥€0)G6°0 (02T '8€0) ¥T'Zz (V6'€ '2T'T) OT'C T B3N
0T 0T 0T 0T 0T 0T T JesA
G000°0=d 90°0=d 5000°0=d GT0=d 800°0=d 100°0=d
0T 0T 0T 0T 0T 0T (s0usJayal) Aw0108.1ISED) BNIIIS
(zir'e0d) 16 (L2'€'66'0)€6'T (60T 'T6T) LGV (ETT'TZ0)6Y0 (6TT'6TT)OLE (92'G'LS'T)88C ssedAg oLses
:2dA1 A1abing
Hld Q UlWenA V UlWenA ale|o4 urLggsuer (BEER]
,.SaN[eA JuaLINU [ewaouqe Jo sioo1paid otydelBowsp pue [ealulfd
7 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 May 01.



Page 23

Xanthakos et al.

"3]qeLIBA U2ea JO 90URIIIUBIS |[BIBAO 10) 1S3) 109}431 SaNn[eA-d
¥

Gy'0=d
0T

(21€'220) 16°0
(€8°€°2€0)6T'T
(68'S ‘'20°0) 8€°0

VN

sT°0=d
0T

(sze‘L20) €60
(LET°0T°0) 8€°0

12°0=d
0T

(28'2'91°0) 89°0
(S2€'220)T0°T
(2£°€'6T°0) 08°0

VN

VN

10°0=d
0T

(56°0 ‘'92°0) 050
(#0'T ‘12°0) L0

¥00°0=d
0T

(16°0'9T°0) 8€'0
(#2°0'6T°0) 80
(20T '€2°0) 60

VN

VN

VN

Gg'0=d
0T

(T6'T'82°0) €20
(z0'z '8€0) L8°0
(L' '8€°0) 260

VN

VN

VN

99'0=d
0T

(89'Z'02°0) €20
(99T '€2°0) T9°0
(15°2°0€0) 280

VN

VN

VN

12°0=d
0T

(652 '9T°0) €9°0
(2¢v'z'920) €6°0
(¥€'2 '€€'0) 88°0

VN

VN

VN

TT0=d
0T

(L0'T 'v20) 150
(PE'T '€7°0) 92°0
(96'T ‘25°0) 20'T

(CRIEIETEN )
+T
vi-L
1>
Mqwysiuawiajddns winioe)d
(s0ualayal) 0
+L
1>
mysjuawalddns ZTg uiwens

(s0ualayal) 0
+,
1>

Mmysiuawisjddns @ uiwens

(s0uaJayal) 0
+T

v1-L

1>

mysjuswajddns urwenARnA

Hld

Q urweA

V UILUBYA

a1e|04

uLLIBsuel |

unued

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 May 01.



	Abstract
	INTRODUCTION
	METHODS AND MATERIALS
	Population
	Measures
	Statistical Analysis

	RESULTS
	Participant characteristics
	Iron status
	B vitamins and folate
	Vitamins A and D, and parathyroid hormone
	Serum albumin
	Multiple nutritional deficiencies
	Nutritional supplements and nutritionally-relevant medications
	Risk factors associated with nutritional deficiencies

	DISCUSSION
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:
	Table 3.
	Table 4.

