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Background and Purpose  The aim of this study was to determine the effect of food intake 
on the heart rate (HR) in postural orthostatic tachycardia syndrome (POTS).
Methods  The following five-phase protocol was applied to 41 subjects who had a sustained 
HR increment of ≥30 beats/min within 10 min of standing in an initial tilt-table test: 1) 10-
min supine phase, 2) 10-min 70°-tilted phase, 3) ingestion of 400 mL of Nutridrink Multi Fi-
bre®, 4) 45-min supine phase, and 5) 10-min 70°-tilted phase. Subjects were divided into four 
groups: A) difference in HR for standing vs. supine (ΔHR) before the meal of ≥30 beats/min 
(n=13), B) ΔHR <30 beats/min before the meal but ≥30 beats/min after the meal (n=12), and 
C) ΔHR <30 beats/min both before and after the meal (n=16). Group D consisted of 10 healthy 
subjects.
Results  Before the meal, ΔHR was significantly higher in group A than in all of the other groups, 
and in group B than in group D (p<0.001). After the meal, ΔHR was significantly higher in 
groups A and B (p<0.001 and p<0.0001, respectively). When we pooled patients (according to their 
symptoms) from group A and B into a POTS group and from group C and D into a non-POTS 
group, an increase in HR of 25 beats/min before the meal had a sensitivity of 92.0% and a speci-
ficity of 80.8%. After the meal, an increase in HR of 30 beats/min had a sensitivity of 96.0% and 
a specificity of 96.2%. 
Conclusions  Food intake can significantly alter the results of the tilt-table test and so should 
be taken into account when diagnosing POTS.
Key Words    postural orthostatic tachycardia syndrome, food intake, tilt-table test. 

Effect of Food Intake on Hemodynamic Parameters 
during the Tilt-Table Test in Patients 
with Postural Orthostatic Tachycardia Syndrome

INTRODUCTION

Postural orthostatic tachycardia syndrome (POTS) is a form of orthostatic intolerance char-
acterized by a sustained excessive increase in the heart rate (HR) after adopting an upright 
posture. The HR increase in POTS is accompanied by characteristic symptoms such as 
lightheadedness, weakness, and nausea, which are relieved by adopting a recumbent po-
sition.1 This abnormal response to orthostasis could be pathophysiologically explained by 
insufficient compensatory vascular constriction, excessive central sympathetic tone, hypo-
volemia with a defect in the renin-angiotensin-aldosterone system, deconditioning, and au-
toimmune causes, but the exact underlying mechanism remains unknown.1,2 POTS is more 
common among females and either can appear in isolation or can overlap and be secondary 
to other conditions such as chronic fatigue syndrome, multiple sclerosis, inappropriate si-
nus tachycardia, and Ehlers-Danlos syndrome.1,3,4 The exact prevalence of POTS is unknown, 
mostly because many patients who suffer from this condition have unspecific symptoms, 
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resulting in them being underdiagnosed or misdiagnosed and 
hence treated for some other condition instead.5 A definitive 
diagnosis of POTS requires fulfillment of the following crite-
ria reported in 2011 by Freeman et al.,6 a sustained HR incre-
ment of ≥30 beats/min within 10 min of standing or during 
head-up tilting in the absence of orthostatic hypotension and 
accompanied by characteristic symptoms that are relieved 
by recumbency. For individuals aged 12–19 years, the re-
quired minimum increment in HR is 40 beats/min.6 The tilt-
table test is a common diagnostic tool for diagnosing POTS 
because it enables the positions of the patient to be readily al-
tered between standing and supine while measuring the blood 
pressure (BP) and HR changes, which are major criteria for 
POTS. 

Meal intake significantly influences the autonomic nervous 
system, and it is estimated that maintaining the postprandial 
BP requires a 200% increase in sympathetic nervous activity.7,8 
This effect of the sympathetic nervous response seems to be 
even greater in young adults, which is the population mostly 
affected by POTS.9 Since several neurological illnesses can 
influence the postprandial response, it is no wonder that gas-
troenterologic symptoms are common in the POTS, and post-
prandial worsening of orthostatic symptoms often occurs.10,11 
One study has shown how food ingestion alters the HR and 
BP upon head-up tilting in POTS patients.11 However, current 
POTS criteria do not define whether food intake should be 
taken into account while interpreting the results of tilt-table 
tests. Based on the hypothesis that food intake prior to tilt-ta-

ble testing can influence the criteria used to diagnose POTS, 
the aim of this study was to determine the effect of food intake 
on the current criteria applied for the diagnosis of POTS.

METHODS

This was a prospective study that was conducted from April 
2016 to November 2017 in the Referral Center for Autonom-
ic Nervous System Disorders at University Hospital Center 
Zagreb. 

Eligible participants were consecutive patients referred to 
the center for tilt-table testing and who had a sustained HR 
increment of ≥30 beats/min within 10 min of standing or 
during head-up tilting in the absence of orthostatic hypoten-
sion with or without characteristic symptoms for POTS in 
the baseline examination.6 Exclusion criteria were the pres-
ence of any underlying condition that might influence the 
results in the tilt-table test such as hypertension, diabetes or 
polyneuropathy. Furthermore, age- and sex-matched healthy 
controls who had no previous history of events that could be 
associated with any kind of orthostatic intolerance were in-
cluded. All participants signed informed-consent forms ap-
proved by the Ethical Committee of University Hospital Cen-
ter Zagreb (approval no. 02/21 AG).

Forty-one participants met the inclusion criteria (29 females; 
age 29.74±10.61 years, mean±SD), and the control group 
consisted of 10 healthy individuals (6 females, age 24.25± 
2.25 years). The study flow chart is presented in Fig. 1. After 

HUT (before meal): ∆HR ≥30 bpm 
regardless of symptoms 

HUT (after meal): ∆HR ≥30 bpm 
regardless of symptoms 

n=13 (group A)

HUT 1

HUT 2
Healthy 
controls
n=10

HUT: ∆HR ≥30 bpm regardless 
of symptoms 

n=41

HUT (before meal): ∆HR <30 bpm 
regardless of symptoms 

HUT (after meal): ∆HR ≥30 bpm 
regardless of symptoms 

n=12 (group B)

Participants with characteristic 
POTS symptoms 

n=25 (POTS group)

Participants without characteristic 
POTS symptoms 

n=26 (non-POTS group)

HUT (before meal): ∆HR <30 bpm 
regardless of symptoms 

HUT (after meal): ∆HR <30 bpm 
regardless of symptoms 

n=16 (group C)

Fig. 1. Study flow chart. HR: heart rate, ∆HR: difference in heart rate for tilted vs. supine, HUT: head-up tilt-table test, POTS: postural orthostatic 
tachycardia syndrome. 
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fulfilling the inclusion criteria, participants were asked to 
come to the laboratory within 28 days, when they underwent 
the second tilt-table test comprising the following five phases: 
1) 10-min supine phase, 2) 10-min 70°-tilted phase, 3) meal 
ingestion (5–7 min), 4) 45-min supine phase, 5) 10-min 70° 
-tilted phase.

The beat-to-beat HR and BP were continuously monitored 
throughout the test using a Task Force Monitor (CNSystems 
Medizintechnik, Graz, Austria). The meal consumed by the 
participants comprised 400 mL of the liquid meal replace-
ment Nutridrink Multi Fibre® at room temperature. One 
200-mL pack has an energy content of 300 kcal (100 mL con-
tains 5.8 g of fat, 6 g of protein, and 18 g of carbohydrate). All 
of the participants had fasted for at least 3 hours prior to the 
testing. None of the participants received any form of treat-
ment between testing that could affect their POTS symptoms. 

In order to investigate the effect of food intake on hemody-
namic parameters during the tilt-table test, we divided sub-
jects into four groups: A) difference in HR for standing vs. 
supine (ΔHR) before the meal of ≥30 beats/min (n=13), 
B) ΔHR <30 beats/min before the meal but ≥30 beats/min 
after the meal (n=12), C) ΔHR <30 beats/min both before 
and after the meal (n=16), and D) healthy subjects (n=10) 
(Fig. 2).

In order to test the hypothesis, we pooled patients from 
group A and B into a POTS group and patients from group 
C and D into a non-POTS group according to their symp-
toms.12

Statistical analysis was conducted using the SPSS soft-
ware (version 20; IBM Corp., Armonk, NY, USA). The Kol-
mogorov-Smirnov test was used to check whether the data 
conformed to a normal distribution. Differences in the distri-
bution of qualitative variables were determined using the χ2 
test, while differences in quantitative variables were deter-
mined using the ANOVA with the Bonferroni post-hoc multi-
ple-comparison correction, and using the paired t-test. For the 
paired t-test, according to Bonferroni multiple-comparison 
correction, a p value of <0.001 was considered statistically 
significant. For other comparisons, a p value <0.05 was con-
sidered statistically significant. Receiver operating character-
istics (ROC) curves were used to interpret the sensitivity and 
specificity of different cutoff values in differentiating between 
POTS and non-POTS patients.

RESULTS

Descriptive data and the distributions of HR and BP param-
eters before and after the meal are presented in Table 1. All 
of the participants in groups A and B had a 3-month history 
of symptoms characteristic of POTS. Participants from group 

C were referred to the laboratory due to at least one episode 
of vasovagal syncope and they had no characteristic POTS 
symptoms. There were no intergroup differences in age and 
sex (p=0.112 and p=0.203, respectively).

There were no differences in the supine HR and the supine 
or tilted systolic BP and diastolic BP before or after the meal 
between the study groups (all p>0.05). There was a significant 
difference in the tilted HR before the meal between group A 
and groups D and C (p<0.00001). Before the meal, ΔHR was 
significantly higher in group A than in all of the other groups, 

Fig. 2. Example HR and BP tracings from representative patients in 
groups A (upper part, A), B (middle part, B), and C (lower part, C). Con-
tBP: continuous blood pressure, HR: heart rate. 
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and in group B than in group D (p<0.001).
Differences in supine HR, tilted HR, and the increase in HR 

after tilting depending on the ingestion of a meal are present-
ed in Fig. 3.

The results of the ROC analysis performed for ΔHR before 
and after the meal for the POTS and non-POTS groups are 
presented in Fig. 4. According to the ROC curve of the ΔHR 
before the meal (Fig. 4A), 91% of the total area was under 
the curve. To differentiate between subjects with POTS, the 
optimal cutoff for ΔHR was found to be 25 beats/min, which 
gave a sensitivity of 92.0% and a specificity of 80.8%. A cutoff 
of 30 beats/min for ΔHR before the meal had a sensitivity 
of 52.0% and a specificity of 96.2%.

According to the ROC curve of ΔHR after the meal (Fig. 
4B), 97% of the total area was under curve. To differentiate 
between subjects with POTS, the optimal cutoff for ΔHR af-
ter the meal was found to be 30 beats/min, which gave a sen-
sitivity of 96.0% and a specificity of 96.2%.

DISCUSSION

The main finding of this study was that the ΔHR cutoff for 
diagnosing POTS depends on the timing of performing the 

tilt-table test relative to the food intake. 
Several previous studies have shown how food ingestion 

can influence ΔHR in patients with POTS, but those studies 
had different aims. A study performed by Tani et al.11 found 
that there was a significant difference in the tilted HR before 
and after the meal for both healthy controls and POTS patients 
(77.0±1.9 vs. 89.1±2.7 beats/min and 120.8±4.6 vs.133.0±5.4 
beats/min, respectively). Although differences in ΔHR be-
fore and after the meal were not reported for another study, 
the results showed that the supine HR did not change after 
the meal in POTS patients; however, during the postprandial 
orthostatic challenge, POTS patients had a significantly greater 
ΔHR compared to healthy subjects.13

A particularly interesting observation was that no such in-
fluence of food intake on HR was observed in patients with 
neurally mediated syncope, although a different methodol-
ogy was used.14 Moreover, several studies have suggested that 
food intake does not significantly change hemodynamic pa-
rameters in most healthy people.15,16

There are several possible explanations for why such dif-
ferences are observed in patients with POTS. The splanchnic 
circulation serves as a large reservoir for blood and is thought 
to be important for BP regulation.17 While normal subjects 

Table 1. Descriptive data and distribution of HR and BP parameters before and after the ingestion of a meal

Group A (n=13) Group B (n=12) Group C (n=16) Group D (n=10) p
Age, years 31.46±10.53 25.67±7.89 32.00±12.06 24.25±2.25 0.112

Sex, female 6 9 13 6 0.203

Before meal

sBP, mm Hg

Supine 113.62±8.47 109.50±10.42 106.00±13.35 112.60±12.17 0.291

Tilted 109.00±11.23 109.08±13.86 110.00±11.89 109.50±15.76 0.997

dBP, mm Hg

Supine 72.08±9.34 63.25±20.44 66.00±8.44 68.70±6.53 0.324

Tilted 76.77±11.66 73.00±9.40 74.19±9.11 72.90±9.33 0.751

HR, beats/min

Supine 74.85±8.05 75.00±10.30 68±10.40 74.50±16.58 0.311

Tilted 113.31±10.01 100.58±12.99 85.69±16.33 88.10±11.87 <0.01*

After meal

sBP, mm Hg

Supine 114.23±8.17 109.08±8.80 105.19±11.33 110.10±13.60 0.165

Tilted 105.23±11.88 104.08±14.10 107.88±13.45 109.20±12.28 0.766

dBP, mm Hg

Supine 70.69±8.47 66.33±7.33 64.88±8.69 65.20±9.71 0.286

Tilted 72.77±8.01 68.75±9.30 72.00±10.55 69.50±5.76 0.623

HR, beats/min

Supine 79.31±11.54 73.83±9.86 71.25±9.50 72.20±11.87 0.217

Tilted 125.38±14.64 107.08±10.78 92.75±11.56 95.60±11.97 <0.01†

Data are n or mean±SD values.
*p<0.01 for group A–C and group A–D, p=0.031 for group B–C, †p=0.003 for group A–B, p<0.01 for group A–C and group A–D, p=0.023 for group B–C.
BP: blood pressure, dBP: diastolic blood pressure, HR: heart rate, sBP: systolic blood pressure.
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compensate for this redistribution of the blood volume that 
happens after the food ingestion.18 patients with chronic gen-
eralized autonomic failure do not have recourse to reflex reg-
ulation and also develop hypotension and worsening ortho-
static hypotension.10,19 If POTS is considered to be a mild 
form of dysautonomia, the increase in HR after food inges-
tion may be considered a milder consequence of food in-
take, comparable to the drop in BP seen in patients with au-

tonomic failure. In line with this, postprandial worsening of 
orthostatic symptoms commonly develops in both condi-
tions.11,20

One of the main problems in past research into the effects 
of food intake on hemodynamic responses in neurological 
conditions was revealed in a recently performed meta-anal-
ysis showing that the nutrients ingested, measurement fre-
quency, duration, and position of the subject are not properly 
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defined for the younger neurologic populations that typical 
suffer from POTS.10 It is surprising that almost all such stud-
ies use supine HR and BP measurements after meal inges-
tion, while most of the symptoms and problems of ortho-
static intolerance occur in an upright position. Furthermore, 
the importance of meal ingestion lies in different hemody-
namic responses depending on the meal. In patients with 
neurally mediated syncope, ingesting either carbohydrate or 
water results in opposite effects on BP during postural ma-
neuvers, whereas this does not occur in control subjects.14 
Even the osmolality of the fluid may affect the hemodynamic 
responses in patients with orthostatic intolerance.21

One of the limitations of the present study was the possi-
bility of selection bias. Although we enrolled consecutive pa-
tients, which patients were referred to the laboratory was de-
pendent on other sources. Furthermore, there is a possibility 
that some of the patients in group C recovered by the time 
they were tested for the second time. Finally, we did not clas-
sify patients according to POTS subtypes (e.g., neuropathic 
or hyperadrenergic).

In conclusion, food intake can significantly alter the results 
of the tilt-table test and should be taken into account when 
diagnosing POTS. Performing the tilt-table test after consum-
ing a controlled meal might increase the sensitivity and spec-
ificity of the test; however, this hypothesis should be tested in 
a larger sample of patients and healthy subjects.
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