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Abstract

Patients with gastroparesis (Gp) often have diets deficient in calories, electrolytes, and vitamins. Vitamin D levels have been
reported to be low in some patients with Gp but has not been systematically studied.

Aims To determine vitamin D levels and relationships among symptoms, gastric emptying and gastric myoelectrical activity
(GMA) in patients with symptoms of Gp.

Methods 25-hydroxy-vitamin D was measured in patients at enrollment in the Gastroparesis Clinical Consortium Registry.
Gastroparesis Cardinal Symptoms Index (GCSI), gastric emptying, and GMA before and after water load satiety test (WLST)
were measured. GMA, expressed as percentage distribution of activity in normal and dysrhythmic ranges, was recorded
using electrogastrography.

Results Overall, vitamin D levels were low (<30 ng/ml) in 288 of 513 (56.1%) patients with symptoms of Gp (206 of 376
(54.8%) patients with delayed gastric emptying (Gp) and 82 of 137 (59.9%) patients with symptoms of Gp and normal
gastric emptying). Low vitamin D levels were associated with increased nausea and vomiting (P <0.0001), but not with
fullness or bloating subscores. Low vitamin D levels in patients with Gp were associated with greater meal retention at four
hours (36% retention) compared with Gp patients with normal vitamin D levels (31% retention; P =0.05). Low vitamin D in
patients with normal gastric emptying was associated with decreased normal 3 cpm GMA before (P=0.001) and increased
tachygastria after WLST (P=0.01).

Conclusions Low vitamin D levels are present in half the patients with symptoms of gastroparesis and are associated with
nausea and vomiting and gastric neuromuscular dysfunction.
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Introduction

Patients with gastroparesis (Gp) often have diets deficient
in calories, electrolytes, and vitamins, including vitamin
D [1, 2]. Vitamin D deficiency can occur from several
causes including decreased dietary intake and/or absorp-
tion as well as decreased sun exposure. Vitamin D lev-
els have been reported to be low in some patients with
Gp. However, the relationships of vitamin D deficiency
to symptoms of gastroparesis and gastric neuromuscular
dysfunction in Gp has not been studied.

Extra-skeletal effects of vitamin D may have pathophysi-
ological relevance for several aspects of neuromuscular dis-
orders like Gp. In patients with Gp, interstitial cells of Cajal
(ICCs), the pacemaker cells of the stomach, are reduced [4,
7,10, 11]. Patients have decreased 3 cpm gastric myoelectric
activity (GMA) and increased dysrhythmic gastric myoelec-
trical activity (GMA), e.g., tachygastria and bradygastria [7,
8]. Loss of ICCs in the corpus and antrum of patients with
Gp is related, in part, to increased inflammatory M1 mac-
rophages that replace M2 macrophages [10, 11]. Vitamin
D may affect the transformation of M2 macrophages to M1
macrophages in chronic inflammatory diseases of the gas-
trointestinal tract [5, 6]. Low vitamin D is also associated
with carotid body dysfunction and postural orthostatic tachy-
cardia syndrome (POTS) [12]. A subset of patients with Gp
with nausea and vomiting have autonomic nervous system
(ANS) dysfunction, including POTS [13-15]. Vitamin D
replenishment decreased symptoms in patients with ortho-
static intolerance and nausea and vomiting during head up
tilt table tests [15].

The primary aim of this study was to determine the preva-
lence of low vitamin D levels in patients with Gp and to
explore relationships among vitamin D levels, symptoms,
gastric emptying rate and GMA in response to the water load
satiety test (WLST). The study was performed in patients
in the NIDDK Gastroparesis Registry that enrolled patients
with symptoms of Gp (both patients with delayed gastric
emptying (Gp), as well as patients with normal gastric emp-
tying). Thus, the secondary aim of this study was to explore
relationships among vitamin D levels, symptoms, gastric
emptying rate and GMA in response to WLST in patients
with symptoms of Gp but normal gastric emptying.

Methods
Patients

The NIH Gastroparesis Clinical Research Consortium
Gastroparesis Registry 2 (GpR2) (ClinicalTrials.gov

Identifier: NCT01696747) was implemented as an obser-
vational study of patients with symptoms of Gp. Patients
18 years or older were enrolled at seven tertiary clinical
centers in the U.S. and had symptoms of nausea, vomiting,
abdominal pain, bloating, and/or early satiety for at least
12 weeks. Patients had delayed or normal gastric empty-
ing of a solid test meal by scintigraphy [16], and normal
upper endoscopy. Informed consent was obtained prior to
enrollment for this study approved by the IRB of each
center. Patients underwent history and physical examina-
tion, questionnaires including the Gastroparesis Cardinal
Symptoms index (GCSI) [17] and the gastroduodenal dis-
order section of the Rome III Diagnostic Questionnaire for
Adult Functional GI Disorders [18], electrogastrography
with water load testing [19-23]. Routine laboratory tests
were obtained at enrollment including serum 25-hydroxy
vitamin D levels. Normal vitamin D levels were defined
as > 30 ng/mL. Low vitamin D levels were defined as
25-hydroxy vitamin D levels <30 ng/mL with deficient
25-hydroxy vitamin D levels <20 ng/mL and insufficient
levels defined as 20 to <30 ng/mL.

Four-Hour Gastric Emptying Study

Gastric emptying scintigraphy was performed after an
overnight fast to assess gastric neuromuscular function
[16]. Medications affecting gastrointestinal motility were
stopped 48 h prior to the study. In subjects with diabetes, low
blood sugar (hypoglycemia <70 mg/dl) or high blood sugar
(hyperglycemia> 270 mg/dl) was corrected or the study was
rescheduled for another day. Following ingestion of a low-
fat egg white sandwich meal (Egg Beaters®), imaging was
performed at 0, 1, 2, and 4 h with the participant upright.
Gastric retention of the meal (> 60% at 2 h and/or > 10% at
4 h) was considered delayed gastric emptying [16].

Electrogastrography and Water Load Satiety Test
(WLST)

Cutaneous electrogastrography (EGG) was used to record
gastric myoelectrical activity (GMA) [19-21]. Patients
stopped proton pump inhibitors, histamine-2 receptor
antagonists, prokinetics drugs, opiates, anticholinergics, can-
nabinoids, over-the-counter laxatives, isotonic polyethylene
glycol electrolyte preparations, and prescription laxatives for
3 days before the studies. Patients fasted overnight before the
test. On the morning of the study, insulin-requiring patients
with diabetes injected half of their usual long-acting insulin
dose. If glucose was over 270 mg/dl at the time of the test,
then the glucose level was treated or the test was resched-
uled. Patients were seated in a comfortable semi-reclining
chair in a quiet area. EKG-type electrodes were placed in
standard position on the upper abdominal surface after the
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skin was cleaned with alcohol wipes. Electrodes were con-
nected to the EGG recording device (3CPM Company, Inc.,
Sparks Glencoe, MD) to record GMA. The EGG signal was
digitized for computer analysis [19-21]. A 15-min base-
line EGG recording was obtained. Patients then ingested
water until they were “completely full” during the five-
minute test period [19-21]. The volume of water ingested
was recorded. The volume of water ingested reflects gastric
capacity and gastric accommodation to the volume ingested.
Ingestion of <238 mL of water in the five-minute period
is 2 SD below the mean volume ingested by healthy con-
trols [19]. In another study, no healthy subject ingested less
than 300 ml of water in the five-minute period [23]. For this
study, < 300 mL of water ingested was defined as abnormal.
Patients indicated the intensity of fullness, hunger, abdomi-
nal discomfort, bloating, and nausea on a 100 mm visual
analog scale (VAS) before and 10, 20, and 30 min after the
water was ingested [19-22]. GMA was recorded for 30 min
after the water load was ingested.

The raw GMA signal was digitized and subjected to fast
Fourier transformation and running spectral analysis. The
power calculation in the running spectral analysis reflects the
amplitude of GMA in the four frequency ranges: 1-2.5 cpm
(bradygastria), 2.5-3.7 cpm (normal range), 3.7-10.0 cpm
(tachygastria) and 10—15.0 cpm (duodenal/respiration range)
before and after the WLST. The power in each frequency
range is divided by the total power in the 1-15 cpm range.
This calculation provides the percentage distribution of
power for each of the four frequency ranges listed above.
The percentage distribution of power in the four frequency
ranges was assessed over time. The average percentage dis-
tributions of GMA were compared at baseline to each time
from 1-10, 11-20, and 21-30 min after the WLST.

Statistical Analysis

We report the vitamin D levels for the entire group of
patients with symptoms of gastroparesis as well as the two
subgroups — delayed gastric emptying (Gp) and normal
gastric emptying. Cross-sectional comparisons of three
ordered vitamin D levels by characteristics at enrollment
were assessed using Cochran’s X test for trend for binary
variables and linear regression with a dose-response vari-
able coded 0 =normal, 1 =insufficient, and 2 =deficient.
Multiple ordinal logistic regression using backward stepwise
selection (P> 0.05 for removal) was used to assess the direct
effect of vitamin D deficiency regressed on 39 candidate
variables including age, race, sex, ethnicity, summer, body
mass index, HbAlc, diabetes status, gastric emptying at 1,
2 and 4 h, GCSI scores of nausea, retching, vomiting, stom-
ach fullness, not able to finish meal, feeling excessively full,
loss of appetite, bloating, stomach visibly larger, calcium,
water load amount, symptoms of fullness, hunger, nausea,
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bloating, abdominal discomfort before and change from
baseline, and percentage distributions of GMA in bradygas-
tria, normogastria, tachygastria, and duodenal frequency at
baseline and change from baseline ranges. The data analy-
sis was generated using both SAS (SAS version 9.4, SAS
Institute Inc., Cary, NC) [24] and Stata software (StataCorp.
2017. Stata Statistical Software: Release 15. College Station,
TX: StataCorp LLC) [25]. All P-values are two-sided and
were not corrected for multiple comparisons since these are
exploratory analyses.

Results
Total Patients with Symptoms of Gastroparesis

Five hundred and thirteen patients enrolled in the GpCRC
Registry 2 with a WLST and Vitamin D level comprised
our study cohort of patients with symptoms of Gp. Of the
513 total patients, 288 (56.1%) had low vitamin D levels
with 132 being deficient and 156 being insufficient. Fig-
ure 1 shows the distribution of vitamin D levels in the entire
cohort. Of these 513 symptomatic patients, 376 had delayed
gastric emptying (74%) and 137 (26%) had normal gastric
emptying.

Gastroparesis Patients

Of the 376 patients with Gp, 206 (54.8%) had low (deficient
or insufficient) vitamin D levels. Table 1 shows the clinical
characteristics, GCSI scores, gastric emptying, symptoms
and GMA responses after the WLST in the patients with
Gp according to normal, insufficient, and deficient vitamin
D status. Patients with Gp and low vitamin D levels were
significantly younger, nonwhite, and had higher BMI and
HbA 1c compared with patients with normal vitamin D levels
(all Ps <0.03). Patients with low vitamin D levels were less
likely to be enrolled and have their vitamin D level assessed
during the summer months. The prevalence of patients with
disorders associated with low vitamin D levels—myocardial
infarction, coronary artery disease, cerebrovascular disease,
stroke were similar in the groups of patients with different
vitamin D levels.

In patients with Gp and low vitamin D levels, the nau-
sea subscore and the individual nausea, retching, vomiting
scores were significantly higher compared with patients with
Gp and normal vitamin D levels (all Ps <0.004). There was
no association among vitamin D levels and symptoms or
subscores for fullness or bloating.

Gastric retention of the test meal at 4 h. was significantly
increased (36% retention) in patients with low vitamin D
compared with patients with normal vitamin D levels (31%
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Fig. 1 Vitamin D levels
measured at enrollment in 513
patients with symptoms of gas-
troparesis. Of the 513 patients
with symptoms of gastroparesis,
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retention, P=0.05). There were no differences in emptying
rates at 1 and 2 h.

The volume of water ingested in five minutes during the
WLST by the Gp patients was 371 +224 mL in the nor-
mal vitamin D group and not significantly different in the
insufficient and deficient vitamin D groups 401 +250 mL
and 333 + 178, respectively. The percentages of Gp patients
who consumed less than 300 mL was 42%, 39% and 45%
(P=0.72) by vitamin D status. Nausea, bloating, and abdom-
inal discomfort increased in intensity after the WLST but did
not differ by vitamin D status. The percentage distribution of
GMAA in the four frequency ranges at baseline and after the
WLST was not associated with vitamin D status, although
normal 3 cpm GMA tended to be lower after the WLST in
Gp patients with low vitamin D (P =0.06).

Multiple regression analysis of 39 potential clinical char-
acteristics on vitamin D levels in patients with Gp showed
significant independent relationships of vitamin D levels
with age, race, BMI, season, diabetes, HbAlc, nausea, per-
centage meal retained at 4 h, change in normal 3 cpm GMA,
bradygastria and tachygastria after the WLST when adjust-
ing for other characteristics (Table 2).

Patients with Symptoms of Gastroparesis
but Normal Gastric Emptying

Of the 137 patients with symptoms of gastroparesis but nor-
mal gastric emptying, 82 patients (59.9%) had low vitamin
D. The 59.9% prevalence of low vitamin D levels in patients
with symptoms of gastroparesis but normal gastric emptying
was not significantly different from the 54.8% prevalence of

30 40 50 60 70 80 90

100 110

Vitamin D - ng/mL

vitamin D levels in patients with gastroparesis (P=0.32).
Table 3 shows the clinical characteristics, gastric emptying,
and GMA results in 137 patients with symptoms of gastro-
paresis but normal gastric emptying according to vitamin
D status. The patients with symptoms of gastroparesis but
normal gastric emptying and low vitamin D levels were
significantly higher proportion of Hispanic, and had higher
BMI, more diabetes and higher HbA1c levels compared with
patients with normal vitamin D levels (all Ps <0.02).

The retching and the nausea symptom severity were sig-
nificantly higher in those with low vitamin D levels com-
pared to those with normal vitamin D levels (P =0.0002 and
P =0.009, respectively). Vitamin D levels in the symptoms
of gastroparesis but normal gastric emptying patients, like
those with Gp, were not associated with bloating or fullness
scores.

Gastric emptying was within the normal range by defi-
nition for this patient group; differences in emptying rates
within the normal range were not associated with vitamin
D levels.

The average volume of water ingested during the WLST
was similar for those with normal, insufficient or defi-
cient vitamin D levels: 396 +243 mL vs 389 +230 and
3924208 mL (P =0.98), respectively. The percentages of
patients with normal, insufficient, or deficient vitamin levels
who consumed less than 300 mL of water in five minutes
until full did not differ among the groups: 42%, 41% and
24%, respectively (P=0.15). The intensity of symptoms
after the water load were similar according to normal or
decreased vitamin D status. Before ingesting the water
load, the patients with deficient and insufficient vitamin
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Table 1 Clinical Characteristics and Vitamin D levels in 376 patients with Gastroparesis (Delayed Gastric Emptying)

Characteristics at enrollment Normal: Insufficient: Deficient: Trend test
>30 ng/mL 20-29 ng/mL <20 ng/mL P-value
(n=170) (n=106) (n=100)
Mean (SD) / % Mean (SD) / % Mean (SD) / %
Demographics
Age — yrs 47 (13) 42 (14) 42 (13) 0.0009
Male gender 19 (11%) 23 (22%) 17 (17%) 0.12
Non-white race 7 (4%) 10 9%) 17 (17%) 0.0004
Hispanic ethnicity 24 (14%) 24 (23%) 20 (20%) 0.16
Seasonality
Summer (Jul, Aug, Sep) 48 (28%) 24 (23%) 14 (14%) 0.008
Anthropometric
Body mass index — kg/m2 28 (8) 27 (7) 30 (8) 0.03
Metabolic
HbAlc—% 6.2 (1.5) 6.4 (2.1) 6.8 (2.2) 0.008
Diagnosed with diabetes 53 (31%) 30 (29%) 42 (42%) 0.09
Functional Dyspepsia—%3 139 (83%) 79 (80%) 78 (80%) 0.60
Postprandial distress syndrome subtype—%% 129 (77%) 66 (67%) 65 (67%) 0.06
Epigastric pain syndrome subtype—%# 97 (58%) 63 (64%) 63 (65%) 0.22
Both postprandial distress syndrome and epigastric 87 (52%) 50 (51%) 50 (52%) 0.95

pain syndrome subtypes—%::
GCSI (O=none to 5 =severe)

Nausea 2.9 (1.6) 3.4 (1.6) 3.6(1.2) <0.0001
Retching 1.4 (1.7) 2.1(1.8) 2.0 (1.7) 0.004
Vomiting 1.3 (1.7) 2.1(1.8) 2.3 (2.0 <0.0001
Nausea subscore 1.9(1.4) 2.5(1.5) 2.6 (14) <0.0001
Stomach fullness 3.6(1.2) 34(14) 3.7(1.2) 0.85
Not able to finish meal 34 (1.5) 3.3 (1.7) 3.4 (1.6) 0.79
Feeling excessively full 3.6(1.4) 3.6(1.4) 3.7(1.4) 0.78
Loss of appetite 2.7 (1.6) 3.0(1.7) 2.9 (1.6) 0.21
Fullness subscore 3.3(1.2) 3.3(1.3) 3.4(1.2) 0.53
Bloating 3.4 (1.5) 29 (1.7) 3.4 (1.6) 0.72
Stomach visibly larger 3.1(1.6) 2.7(1.8) 3.1(1.7) 0.69
Bloating subscore 3.2 (1.5) 2.8 (1.7) 3.2(1.5) 0.69
Total score 2.8 (1.0) 2.9(1.2) 3.1(1.1) 0.04
Laboratory values

Calcium — mg/dL 9.3(0.5) 9.3(0.5) 9.2 (0.5) 0.09
Gastric emptying

1 h. solid gastric retention—% 82 (13) 81 (13) 83 (14) 0.35

2 h. solid gastric retention—% 66 (16) 63 (19) 69 (17) 0.25

4 h. solid gastric retention—% 3121 33 (21 36 (24) 0.05
Water Load Test

Amount — mL 371 (224) 401(250) 333 (178) 0.28
Abnormal (<300 mL)—% 70 (42%) 37(39%) 43(45%) 0.72
Symptoms(VAS 0-100)

Baseline 27 (29) 29 (31) 27 (31) 0.99
Changef 38 (30) 32 (30) 35(29) 0.38
Hunger

Baseline 31 (30) 30 (29) 30 (32) 0.91
Changef -7 (26) -5 (25) -3 (19) 0.25
Nausea
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Table 1 (continued)

Characteristics at enrollment Normal: Insufficient: Deficient: Trend test
>30 ng/mL 20-29 ng/mL <20 ng/mL P-value
(n=170) (n=106) (n=100)

Baseline 25 (28) 31(30) 28 (32) 0.35

Changet 6 (18) 4(17) 3(15) 0.27

Bloating

Baseline 29 (29) 27 (30) 32(34) 0.55

Changet 13 (24) 8(21) 13 (26) 0.69

Abdominal discomfort

Baseline 23 (28) 22 (28) 28 (32) 0.19

Changet 6 (16) 5(18) 5(18) 0.41

GMA** (Distribution of average power—%)

Bradygastria (1-2.4 cpm)

Baseline 48 (23) 49 (24) 49 (23) 0.61

Changet 1(21) 22D 2 (20) 0.87

Normogastria (2.5-3.7 cpm)

Baseline 19 (13) 17 (13) 19 (15) 0.81

Changet 2 (14) 3(12) -1(14) 0.06

Tachygastria (3.8—10 cpm)

Baseline 25 (15) 24 (16) 25 (15) 0.91

Changet -1(13) 1(13) -1(13) 0.62

Duodenal (> 10-15 cpm)

Baseline 8 (10) 9(12) 7(8) 0.52

Changet -2(8) -2(12) 0(6) 0.09

Cardiovascular disease—% ever diagnosed

Myocardial infarction 2 (1%) 1 (1%) 4 (4%) 0.12

Coronary artery disease 7 (4%) 3 (3%) 3 (3%) 0.60

Cerebrovascular disease 1(1%) 0(0%) 0 (0%) 0.33

Stroke 2 (1%) 2 (2%) 3(3%) 0.28

* . . . . . . . . . .
Based on trend test using linear regression for continuous variables and logistic regression for categorical variables

“*GMA = gastric myoelectrical activity
"Mean of 10-, 20- and 30-min values — baseline value

#There were 12 patients with missing data

D levels had significantly increased bradygastria (59% vs
61% vs 47%) compared to patients with normal vitamin
D (P=0.004) and decreased 3 cpm GMA (14% and 18%)
compared with 24% 3 cpm GMA in patients with normal
vitamin D (P =0.004). The percentage tachygastria activity
was similar amongst the three vitamin D groups at baseline;
but after the water load was ingested, the patients with low
vitamin D levels had increased tachygastria compared with
baseline: mean change = +5% and + 2% in patients with low
(deficient/insufficient) vitamin D vs -2% in the patients with
normal vitamin level (P=0.01).

There were two variables that significantly (P <0.001)
differed in their relationship with vitamin D in the gastro-
paresis cohort and the normal gastric emptying cohort: BMI
(mild relationship in Gp and strong in normal gastric emp-
tying; interaction P=0.001) and baseline normogastria (no

relationship in Gp and strong in patients with symptoms
of gastroparesis with normal gastric emptying; interaction
P=0.005) (Tables 1 and 3).

Multiple regression of vitamin D levels with 39 potential
clinical characteristics in the patients with symptoms of gas-
troparesis but normal gastric emptying showed independent
significant relationships with age, BMI, HbAlc, retching,
and normal 3 cpm GMA before WLST (Table 4).

Functional Dyspepsia

Table 1 (delayed gastric emptying) and Table 3 (normal
gastric emptying) list the number of patients with func-
tional dyspepsia and its subgroups — postprandial distress
syndrome and epigastric pain syndrome, according to the
Rome III Diagnostic Questionnaire for Adult Functional GI
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Table 2 Multiple regression*

- &= Clinical Characteristic Comparison Cumulative Odds Ratio of  95% CI P-value

Of. chn}cal charact.erlstlcs on decreasing Vitamin D level

Vitamin D Level in 376 patients

with gastroparesis (delayed Age Per year 0.97 0.96, 0.99 0.001

gastric emptying) Race White vs non-white 0.36 0.17,0.76 0.007
Body mass index Per kg/m2 1.04 1.01, 1.07 0.02
Season Summer vs other seasons  0.47 0.28, 0.80 0.005
Diabetes Yes vs no 0.47 0.23,0.98 0.04
HbAlc Per % 1.28 1.08, 1.51 0.004
Nausea Per score 1.30 1.12, 1.50 0.001
GES at4 h Per % 1.01 1.00, 1.02 0.01
Change in normogastria  Per % 0.95 0.92, 0.98 <0.001
Change in bradygastria ~ Per % 0.96 0.94, 0.99 0.009
Change in tachygastria ~ Per % 0.96 0.93, 1.00 0.04

“Multiple ordinal logistic regression model using backward stepwise selection (P>0.05 for removal)
regressing Vitamin D deficiency categorization (0 =normal, 1 =insufficient, 2 =deficient) on 39 candidate
variables including age, race, sex, ethnicity, summer, BMI, HbAlc, diabetes, GE at 1 h., GE at 2 h., GE at
4 h., nausea, retching, vomiting, stomach fullness, not able to finish meal, feeling excessively full, loss of
appetite, bloating, stomach visibly larger and calcium, water load amount, following symptoms at baseline
and change from baseline: fullness, hunger, nausea, bloating and abdominal discomfort, following GMA
regions at baseline and change from baseline: bradygastria, normogastria, tachygastria, duodenal-respira-

tory range

Disorders for which we analyzed the gastroduodenal disor-
der Sect. [18]. Overall, of the total cohort of patients with
symptoms of gastroparesis (both delayed and normal gas-
tric emptying), 82.3% of patients had functional dyspepsia
(81.3% of the patients with delayed gastric emptying and
85.0% of patients with normal gastric emptying). Of the total
cohort, 73.4% had postprandial distress syndrome and 61.0%
had epigastric pain syndrome; 52.1% had both postprandial
distress syndrome and epigastric pain syndrome with 85.5%
of the patients with epigastric pain syndrome also having
postprandial distress syndrome. Low vitamin D levels were
seen in 55.0% of patients with functional dyspepsia; with
low vitamin D levels in 52.6% of the patients with postpran-
dial distress syndrome, and 57.1% of patients with epigastric
pain syndrome. These percentages of low vitamin D levels
in the patients categorized as functional dyspepsia compare
with the low vitamin D levels seen in 56.1% of our total
cohort of patients with symptoms of gastroparesis with low
vitamin D levels in 54.8% of patients with delayed gastric
emptying and 59.9% of patients with symptoms of gastro-
paresis and normal gastric emptying.

Discussion

Our study reports that vitamin D levels were low in 54.8% of
patients with gastroparesis. This prevalence of low vitamin
D levels was similar in patients with symptoms of gastropa-
resis and normal gastric emptying (59.9%). The low vitamin
D levels in these patients were associated with symptoms
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of nausea and vomiting and were associated with gastric
neuromuscular dysfunction.

Patients with Gp are deficient in many vitamins [1, 2].
Our study shows vitamin D deficiency, as measured in the
serum, is common in patients with Gp, being present in
over half of patients. Our study showed the incidence of
low vitamin D was similar in patients with symptoms of
gastroparesis who have delayed and normal gastric empty-
ing. Compared to U.S population prevalence in a 2022 study
using NHANES data reporting 2% individuals with <25 and
22% with 25-50 nmol/L, our patients had a much higher pro-
portion of low vitamin D levels; however, our study patients
were on average 10 years older than the NHANES popula-
tion [26].

Nausea, retching, and vomiting were significantly
increased in patients with symptoms of gastroparesis with
low vitamin D compared with patients with normal vitamin
D levels, both in patients with delayed gastric emptying and
patients with normal gastric emptying. There were no rela-
tionships among vitamin D levels and fullness and bloating
symptoms. The similar total GCSI scores and nausea sub-
scale scores, the similar intensity of postprandial symptoms
after the WLST and the similar incidence of low vitamin D
levels in both patients with delayed as well as normal gas-
tric emptying support the growing concept that delayed and
normal gastric emptying may reflect a spectrum of related
gastric neuromuscular disorders [3, 4].

How might low vitamin D and nausea and vomiting in
these patients be related? First, low vitamin D was related
to increased meal retained at four hours in patients with Gp.
Our study supports a previous report that showed lower
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Table..’a Cl.inical Char.acteristics Vitamin D Levels at enrollment
and Vitamin D levels in 137
patients with Symptoms of Characteristics at enrollment Normal: Insufficient: Deficient: Trend test
Gastroparesis but with normal >30ng/mL  20-29 ng/mL <20 ng/mL  P-value
gastric emptying (n=55) (n=50) (n=32)
Mean (SD)/ Mean (SD)/  Mean (SD) /
n (%) n (%) n (%)
Demographics
Age — yrs 48 (16) 40 (15) 43 (13) 0.05
Male gender 3(5%) 6 (12%) 4 (12%) 0.23
Non-white race 3 (5%) 5 (10%) 4 (12%) 0.24
Hispanic ethnicity 2 (4%) 8 (16%) 6 (19%) 0.02
Seasonality
Summer (Jul, Aug, Sep) 11 20%) 9 (18%) 3 (9%) 0.22
Anthropometric
Body mass index — kg/m2 25 (6) 29 (11) 34 (10) <0.0001
Metabolic
HbAlc—% 5.7 (1.0) 6.1(1.7) 6.6 (1.6) 0.003
Diagnosed with diabetes 9 (17%) 12 (24%) 14 (44%) 0.007
Functional Dyspepsia—%3 45 (83%) 42 (88%) 26 (84%) 0.87
Postprandial distress syndrome subtype—%% 44 (81%) 37 (77%) 24 (77%) 0.62
Epigastric pain syndrome subtype—%:: 33 (61%) 28 (58%) 19 (61%) 0.97
Both postprandial distress syndrome and 32 (59%) 23 (48%) 17 (55%) 0.57
epigastric pain syndrome subtypes—%3%
GCSI (O=none to 5 =severe)
Nausea 3.0(1.3) 3.1(1.6) 3.2 (1.5) 0.65
Retching 0.8 (1.3) 1.8 (1.6) 2.1(1.8) 0.0002
Vomiting 0.9 (1.6) 1.5 (1.6) 1.5 (1.6) 0.06
Nausea subscore 1.6 (1.1) 2.1 (1.3) 2.3(1.2) 0.009
Stomach fullness 3.6 (1.4) 34 (1.3) 3.8 (1.6) 0.74
Not able to finish meal 3.6 (1.6) 3.1(1.6) 3.7(1.4) 0.94
Feeling excessively full 3.8 (1.5) 34(14) 39(1.4) 0.77
Loss of appetite 2.8 (1.5) 2.7 (1.7) 3.0(1.7) 0.50
Fullness subscore 3.4(1.3) 32(1.3) 3.6 (1.3) 0.69
Bloating 3.1(1.7) 3.2(1.7) 3.3(1.9) 0.74
Stomach visibly larger 3.0(1.9) 2.9 (1.9) 3.12.1) 0.89
Bloating subscore 3.1(1.7) 3.0(1.7) 3.2(1.9) 0.81
Total score 2.7 (1.0) 2.8 (1.1) 3.0(1.2) 0.19
Laboratory values
Calcium — mg/dL 9.3 (0.5) 9.3 (0.5) 9.2 (0.6) 0.37
Gastric emptying
1 h. solid gastric retention—% 64 (18) 62 (15) 62 (16) 0.64
2 h. solid gastric retention—% 32 (15) 32 (16) 32 (17) 0.89
4 h. solid gastric retention—% 4(3) 503) 4(2) 0.87
Abnormal (<300 mL)—% 23 (42%) 20 (41%) 7 24%) 0.15
Water Load Test
Amount — mL 396 (243) 389 (230) 396 (169) 0.98
Abnormal (<300 mL)—% 23 (42%) 20 (41%) 7 (24%) 0.15
Symptoms (VAS 0-100)
Fullness
Baseline 30 (31) 28 (32) 26 (32) 0.58
Changet 37 (30) 33 (31) 49 (33) 0.18
Hunger
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Table 3 (continued)

Vitamin D Levels at enrollment

Characteristics at enrollment Normal: Insufficient: Deficient: Trend test
>30ng/mL  20-29 ng/mL. <20 ng/mL  P-value
(n=55) (n=50) (n=32)

Baseline 34 (29) 37(33) 29 (36) 0.62

Changet -7 (26) -15(24) -5(22) 0.99

Nausea

Baseline 23 (28) 20 (23) 31 (32) 0.32

Changet 8(21) 7(20) 8 (20) 0.88

Bloating

Baseline 25 (28) 24 (26) 25 (31) 0.89

Changet 12 (19) 8 (20) 16 (16) 0.69

Abdominal discomfort

Baseline 24 (29) 18 (22) 20 (25) 0.37

Changef 9(17) 6 (14) 7(11) 0.44

GMA** (Distribution of average power—%)

Bradygastria (1-2.4 cpm)

Baseline 47 (20) 61 (20) 59 (21) 0.004

Changet 4(19) -5(18) -7 (20) 0.01

Normogastria (2.5-3.7 cpm)

Baseline 24 (16) 18 (14) 14 (8) 0.001

Changef 0(18) 3(13) 4(12) 0.19

Tachygastria (3.8—10 cpm)

Baseline 22 (13) 16 (9) 18 (10) 0.08

Changef -2(12) 2 (10) 5(13) 0.01

Duodenal (> 10-15 cpm)

Baseline 70) 5(@) 9(17) 0.55

Changet 2(7) 0@3) -2(11) 0.91

Cardiovascular disease—% ever diagnosed

Myocardial infarction 1 2%) 2 (4%) 0 (0%) 0.70

Coronary artery disease 2 (4%) 12%) 3 (9%) 0.29

Cerebrovascular disease 0 (0%) 0 (0%) 1 (3%) 0.13

Stroke 3 (6%) 0 (0%) 2 (6%) 0.91

* . . . . . . . . .
Based on linear regression for continuous variables treating Vitamin D category as ordinal and chi-square

test for trend for categorical variables

** GMA = gastric myoelectrical activity

"Mean of 10-, 20- and 30-min values — baseline value

¥There were 4 patients with missing data

vitamin D levels correlated with lower rates of gastric emp-
tying [2]. Low vitamin D may either result from severely
delayed emptying or contribute to the delay. In many studies,
delayed rate of gastric emptying does not correlate well or
at all with symptoms associated with Gp [3, 4, 27]. A recent
study indicated more severe delay in emptying, determined
by high-quality scintigraphy studies, was associated with
symptoms like nausea and vomiting [28]. Second, low vita-
min D levels were associated with gastric dysrhythmias that
can cause nausea. In Gp patients with low vitamin D levels,
there was a trend towards decreased 3 cpm GMA (P =0.06)
after the WLST. Decreased 3 cpm GMA is associated with

@ Springer

depletion of gastric ICCs, the pacemaker cells of the stom-
ach [7, 8]. Loss of 3 cpm GMA and the presence of gastric
dysrhythmias are related to nausea symptoms in a variety
of conditions [13, 19, 21-23]. Loss of ICCs and poor GMA
response to meals may contribute to nausea and delayed
emptying. In addition, patients with symptoms of gastro-
paresis with normal gastric emptying, patients with low
vitamin D had increased bradygastria activity at baseline
and increased tachygastria after the WLST. Gastric ICCs
are also depleted in patients with FD; but, the loss of ICCs
is less compared with Gp although the patterns of dys-
rhythmic GMA is similar [7, 8]. Thus, nausea in patients
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Tablg{ Multiple refé“_’“i"“* Clinical Characteristic Comparison Cumulative Odds Ratio  95% CI P-value

of clln}cal charact.erlstlcs on of decreasing

Vitamin D Level in 137 patients Vitamin D level

with symptoms of gastroparesis

but normal gastric emptying Age Per year 0.98 0.95, 1.00 0.04
BMI Per kg/m2 1.05 1.01, 1.09 0.01
HbAlc Per % 1.38 1.09, 1.75 0.008
Retching Per score 1.56 1.25, 1.96 <0.001
Normogastria at baseline Per % 0.96 0.94, 0.99 0.006

*Multiple ordinal logistic regression model using backward stepwise selection (P>0.05 for removal)
regressing Vitamin D level categorization (0=normal, 1 =insufficient, 2 =deficient) on 39 candidate vari-
ables including age, race, sex, ethnicity, summer, BMI, HbAlc, diabetes, GE at 1 h., GE at 2 h., GE at 4
h., nausea, retching, vomiting, stomach fullness, not able to finish meal, feeling excessively full, loss of
appetite, bloating, stomach visibly larger and calcium, water load amount, following symptoms at baseline
and change from baseline: fullness, hunger, nausea, bloating and abdominal discomfort, following GMA
regions at baseline and change from baseline: bradygastria, normogastria, tachygastria, duodenal region

with symptoms of Gp but normal gastric emptying may be
related, in part, to low vitamin D that contributes to loss of
gastric ICCs, leading to gastric myoelectric dysrhythmias,
leading to symptoms of nausea and vomiting. In this study,
we performed the WLST. In a prior study, we compared the
nutrient drink test to WLST, finding that in patients with
diabetic gastroparesis, the nutrient drink test stimulated
more symptoms and changes in gastric myoelectric activity
than WLST [22]. The nutrient drink test might induce more
symptoms in patients with low vitamin D levels.

Low vitamin D levels may be pathophysiologically asso-
ciated with Gp. For example, low vitamin D levels have
been associated with the switching of M2 macrophages to
pro-inflammatory M1 macrophages in ulcerative colitis and
diabetic nephropathy; replenishment of vitamin D reversed
these shifts [6, 29]. Depletion of ICCs is associated with
infiltration of pro-inflammatory M1 macrophages in the cir-
cular smooth muscle cell layers of the corpus and antrum in
patients with Gp [10, 11]. Thus, we speculate low vitamin D
may contribute to immune dysregulation in the gastric mus-
cle as well as associated changes in gastric rhythm. Based
on a previous report of improved orthostatic tolerance and
decreased nausea and vomiting symptoms during head up
tilt table tests after replenishment [12], low vitamin D levels
may also contribute to autonomic dysfunction, a potential
pathophysiological feature in patients with Gp and FD.

Our study supports an association between low vitamin
D levels with symptoms of nausea and vomiting and gastric
myoelectrical dysfunction. The symptoms and vitamin D
levels were collected at one point in time in the patients — on
enrollment in the registry. According to the study protocol,
the gastric emptying test could have been performed up to
6 months prior to obtaining the EGG and vitamin D levels.
The association between gastric emptying rate, electrogas-
trography, and vitamin D levels could be influenced by the
timing of these measurements. We did not explore compar-
ing the vitamin D levels with the actual dietary intake or

examine correlation between vitamin D levels and symptoms
over time, which might provide more insight into cause-
effect relationships between these two variables. In a prior
study of ours, we found that 64% of patients with gastro-
paresis consumed an energy deficient diet (< 60% of daily
total energy requirements). Vitamin and mineral dietary
deficiencies were more prevalent in the patients consum-
ing an energy-deficient diet, including vitamin A, thiamine,
riboflavin, vitamin B6, vitamin B12, vitamin C, vitamin
D, niacin, folate [28]. Vitamin D deficiency can contribute
to or worsen osteoporosis; we did not collect information
about the presence of osteoporosis. The effect of replenish-
ment of vitamin D on symptoms and gastric dysfunction in
patients has not yet been studied. Limitations also include
the exploratory nature of the study in which multiple com-
parisons were made.

In conclusion, vitamin D levels were low in 56% of
patients with symptoms of gastroparesis, being similar in
those with delayed gastric emptying and normal gastric emp-
tying. Low vitamin D was associated with the symptoms
of nausea, retching, and vomiting. Low vitamin D may be
related to nausea through gastric neuromuscular dysfunc-
tion, potential relationships that need further investigation.
This study lays the framework for the next level of investiga-
tion, replenishment of vitamin D in patients with symptoms
of gastroparesis who have low vitamin D levels and see if
this improves their gastric neuromuscular dysfunction and
symptoms of gastroparesis. Until this study is performed, we
advocate assessing vitamin D levels in patients with symp-
toms of gastroparesis and treatment with exogenous vitamin
D if the patient is deficient in vitamin D.
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