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Vasovagal syncope triggered by recent 
moderate weight loss?
Brent Cumming, Christopher Frampton and David Jardine

abstract
aim: In adults, the onset of vasovagal syncope is often unexplained. We wished to explore if moderate weight loss triggers the onset of 
vasovagal syncope (VVS). 
methods: A retrospective case-control study comparing demographic characteristic, syncope symptoms, and tilt-table results of 
patients who had recently lost weight (n=57), with randomly selected weight-stable patients (n=73), and controls, patients without 
syncope (n=24). 
results: VVS was diagnosed in 480 out of 1,209 clinic patients of whom 57 (11.9%) reported moderate weight loss. The mean (SD) 
reported weight loss was 11.5 (7) kg over 18.7 (13) months. Age and gender did not differ between groups: in the weight loss, weight 
stable, and control groups the mean age was 44.8, 45.2, and 44 years respectively; and proportion female 60%, 64%, and 54%. Body 
weight, mass index and calculated blood volume at presentation were also similar in the different groups. Weight loss preceded or 
coincided the onset of syncope in 80% of patients; the length of time over which weight loss occurred was associated with the length 
of time of syncope symptoms, product moment correlation coefficient 0.45, p=0.001. Syncope in childhood and teenage years was less 
frequent in the weight loss group compared to the weight stable group: 37% vs 53%. After 10 minutes of head-up tilt, stroke volume 
was preserved in both syncope groups compared to controls; percentage of baseline mean (SD) in the weight loss, weight stable, and 
control groups: 71(18), 69(10), and 61 (11) respectively; despite lower blood pressure in the weight loss groups with mean (SD) 90 (14) 
mmHg, 93 (13) and 103 (14) respectively.
conclusions: Some patients have onset of VVS within a few months of weight loss resulting in earlier presentation to clinic. The  
physiological mechanism for this is uncertain.

Postural symptoms and vasovagal syncope 
(VVS) syncope are recognised chronic com-
plications of severe weight loss, greater 

than 40kg; following bariatric surgery.1,2 The rela-
tionship of syncope symptoms within months of 
moderate weight loss, between 5kg and 40kg, has 
not been reported. Additionally, moderate weight 
loss is usually achieved by lifestyle changes, for 
example dieting and exercise, rather than bariat-
ric surgery. At our syncope clinic we had noted 
an apparent increase in the number of patients 
presenting for assessment with recent VVS appar-
ently triggered by moderate weight loss. 

The benefits of weight loss include decreased 
blood pressure and blood volume, both of which 
are probably secondary to a fall in sympathetic 
activity.3 This activity is controlled by diverse 
mechanisms including the renin-angiotensin sys-
tem, insulin levels, leptin, and the baroreflexes.3,4 
We postulated that weight loss and decreased cen-
tral blood volume may predispose some patients 
to posture-triggered vasovagal syncope. With 10kg 
of weight loss, total blood volume falls by about 
500ml, representing 10% of circulating volume, 
and approximately half of this is central blood vol-
ume.5,6 Central blood volume is the major deter-

minant of stroke volume and both are observed 
to fall immediately when the human body is tilted 
head-up.7,8 If tilt is continued, a progressive fall in 
stroke volume is the key mechanism leading to 
syncope.9 Despite the importance of central blood 
volume to maintenance of mean arterial pressure 
in the upright position, weight loss is not listed as 
a risk factor for posture-triggered VVS in review 
articles and guidelines.10–13 Based on the complex 
mechanisms controlling sympathetic nerve activ-
ity, the relationship between weight loss and the 
onset of vasovagal syncope is unlikely to be sim-
ple. For example, the sigmoid nature of baro-
reflex responses might prevent BP from falling 
until blood volume falls below a certain thresh-
old. To clarify, the association between weight 
loss and the onset of VVS in our clinic population, 
we examined the association between weight loss 
and other possible confounding demographic 
characteristics, or medical conditions, which 
can also cause syncope. Secondly, we wanted to 
explore the temporal relationship between recent 
weight loss and the onset of syncope symptoms. If 
weight loss is an important predisposing factor to 
VVS then: (a) it should precede the onset of faint-
ing; (b) it might dictate a relatively short fainting 



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2022 Jul 15; 135(1558). ISSN 1175-8716
www.nzma.org.nz/journal ©PMA

article 11

history; (c) there might be an association between 
the duration of fainting symptoms and the length 
of time over which weight loss occurs; and (d) 
it might trigger VVS in patients who have never 
fainted before. Finally, we explored non-invasive 
haemodynamic data from head-up tilt to see if 
weight loss was associated with an exaggerated 
fall in stroke volume, which may be a possible 
mechanism for VVS in these patients.

Methods
This was a retrospective case-control study 

comparing demographic and other character-
istics, in relation to syncope histories of VVS 
patients, with and without weight loss. Head-up 
tilt responses were also compared for two weight 
loss groups, with those of a control group with-
out syncope symptoms. All patients were selected 
from our syncope clinic and the majority were 
referred by general practitioners. All patients in 
this study were assessed in syncope clinic by the 
same doctor (DLJ) over a six-year study period 
between January 2014 and December 2019. 

Clinic procedures
A week before attending clinic, patients were 

sent a syncope questionnaire (see Appendix) 
which detailed the onset, severity and duration 
of syncope symptoms, as well as predisposing 
factors, for example drug treatment, background 
medical conditions and syncope in childhood. 
There was a specific question about syncope in 
childhood, as life-long susceptibility might be 
less prevalent in patients fainting in response to 
recent physiological changes such as pregnancy, 
anaemia, or weight loss. The questionnaire was 
reviewed with the doctor during the first part 
of the clinic assessment. In clinic patients were 
specifically asked about weight loss, including 
magnitude, duration and possible aetiology. The 
duration of weight loss was then collated with the 
syncope history so that patients could confirm or 
refute a temporal association. The practice of a 
pre-clinic questionnaire was to allow patients suf-
ficient time to remember and document syncope 
symptoms before being asked about weight loss. 
If patients were uncertain about current weight 
and height, these measurements were made in 
clinic and additionally past measurements from 
the electronic record were reviewed. Therefore, 
although quantification of recent weight loss was 
by self-report, these estimates were validated 
against other clinical records. Posture-triggered 
VVS was diagnosed on the basis of an expert his-
tory, a normal ECG, and the exclusion of other 

possibilities using an abbreviated tilt test.14,15 A 
positive 40 minute tilt test is not sensitive for VVS 
and, although clinically useful in some patients, is 
generally not be used as an inclusion criterion for 
studies of this nature.10,16 On the other hand, a lim-
ited tilt test is useful to exclude diagnoses such as 
postural tachycardia syndrome (POTS), drug-re-
lated postural hypotension (DRPH), and neuro-
genic orthostatic hypotension.15 The clinic review 
included a focussed cardiovascular examination 
and a 12-lead ECG, followed by an abbreviated 
head-up tilt test, (supervised by David L Jardine). 
All these occurred during the same clinic session. 
For the tilt test patients initially rested in the hor-
izontal position on a hydraulic tilt table and a  
cuff was placed around the right index finger 
for continuous plethysmographic blood pressure 
recordings (FINAPRES, The Netherlands).17 When 
blood pressure and heart rate were stable, usually 
after 10 minutes, patients were tilted to the head-up 
70-degree position with foot support. No provoca-
tive manoeuvres were used.15 The time taken to get 
from horizontal to tilt angle was 20s. All patients 
were tilted for a maximum of ten minutes if 
symptoms permitted, and then returned to the 
horizontal position for a further five minutes. A 
diagnosis of VVS required all of the following:

Patient groups
Data on all patients attending the syncope clinic 

during the study period were reviewed.
Patients were not used in the study if there 

was: a history of bariatric surgery; weight loss 

exceeding 40kg; or weight loss starting more than 
five years before assessment in clinic.

The weight loss group (WL) were selected 
based on: a clinical diagnosis of VVS; and moder-
ate, and sustained weight loss of between 5kg and 
40kg within five years of the syncope clinic assess-
ment. Weight-stable group (WS) were randomly 
selected from clinic patients based on: a clinical 

1. a typical history, based on the questionnaire 
and expert review in clinic, consisting 
recurrent episodes of transient loss of 
consciousness occurring when upright in 
certain situations and following the usual 
stimuli e.g., prolonged standing, standing up 
too quickly, blood phobia,10-14

2. no features in the history to suggest other 
conditions e.g., cardiac syncope, epilepsy, 
orthostatic hypotension, DRPH or POTS,15

3. a normal or vasovagal response to 
abbreviated tilt.



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2022 Jul 15; 135(1558). ISSN 1175-8716
www.nzma.org.nz/journal ©PMA

article 12

diagnosis of VVS without moderate weight loss as 
defined above. Control group (C) were randomly 
from clinic patients during the study period did 
not have syncope or weight loss.

Calculated blood volume was estimated using 
the Nadler equations.18 

Men: Total blood volume = 0.3669 (Height)  
3 + 0.03219 (Weight) + 0.604

Women: Total blood volume = 0.3561 (Height) 
3 + 0.03308 (Weight) + 0.1833 

The accuracy of the Nadler equation for esti-
mating blood volume may vary, depending on the 
magnitude and the aetiology of the weight loss.19

Hemodynamic measurements included blood 
pressure as the mean arterial pressure (MAP), 
heart rate (HR), and stroke volume (SV)—all aver-
aged over one-minute periods. Stroke volume 
was derived from the blood pressure waveform 
using the MODELFLOW algorithm and expressed 
as % baseline.17 Baseline values were measured in 
the horizontal position, in the last minute before 
head-up tilt; early tilt included the third minute 
of tilt; end of tilt included the tenth minute of tilt, 
and this was immediately before tilt-back to the 
horizontal position. 

Statistical methods
The three groups were compared using one-

way ANOVA, for scale variables, and Chi-squared 
tests, for categorical variables; and as appropri-
ate and t-tests were used to clarify differences 
between the groups. Linear regression and prod-
uct moment correlation coefficients were used to 
assess associations between continuous variables.

SPPS statistics software version 26 (IBM Corp, 
Armonk, NY, USA) was used.

After consultation, we were advised by our 
local ethics committee that formal approval was 
not required. This study was therefore under-
taken under the auspices of the Research Office 
(University of Otago) and our hospital Quality 
Control committee.

Results
Over the six-year study period, 480/1,209 (40%) 

of patients seen in the syncope clinic had VVS. 
Of these patients 57/480 (11.9%) reported a his-
tory of moderate weight loss, between 5kg and 
40 kg within five years of the clinic assessment: 
designated the weight loss (WL) group (Figure 1). 
From the remaining VVS patients, n=423, a ran-
dom selection was made of unmatched patients 
without weight loss, designated the weight sta-
ble (WS) group, n=73. Additionally, a control (C) 
group was selected of patients with neither of 
weight loss nor syncope, n=24.

The demographic and other clinical character-
istics of the patients are summarised in Table 1. 
There was no evidence of a difference between 
groups in weight, gender, body mass index, or cal-
culated blood volume. Mechanisms for weight loss 
in the WL group included lifestyle (n=25), unknown 
(n=17), anxiety or depression (n=9) and medical 
conditions (n=6). Medical conditions contributing 
to weight loss included Crohn’s disease, hyperthy-
roidism, and dysphagia. Both syncope groups had 
other treated medical conditions not thought to 
be related to weight loss. The most frequent med-
ications used were serotonin-specific reuptake 
inhibitors, proton pump inhibitors, thyroxine, and 
statins. Very few patients in the VVS groups were 
using blood pressure lowering medication; one in 
the WS group and two in the WL group. This was, 
however, likely an artefact of the clinical assess-
ment, because patients with syncope onset coin-
ciding with starting of medications usually had an 
abnormal early response to tilt and were classified 
as having DRPH rather than VVS.

In the WL group, mean (SD) weight loss and 
calculated change in blood volume were 11.5 (7) 
kg and 0.4 (0.2) L respectively, occurring over 
18.7 (13) months. The distribution of weight loss 
is shown in Figure 1. Weight loss preceded the 
onset of syncope in 80% of patients. The dura-
tion of syncope symptoms was shorter in the 
WL group compared to the WS group: mean (SD) 
13.5 (15) versus 32.9 (44) months, p=0.002. The 
distribution of syncope symptoms over time was 
skewed with a long right tail. Although, in the 
majority of both groups symptoms started within 
24 months of presentation, the distribution was 
more skewed in the WS group: 22/75 (29%) of the 
WS group had prolonged symptoms versus only 
8/57 (14%) in the WL group. In the WL group 
there was evidence of an association between 
the duration of symptoms and time over which 
weight loss occurred, product moment correla-
tion coefficient 0.45, p=0.001; with a slope (95% 
CI) of 0.48 (0.22 to 0.75) (see Figure 2). There was 
no evidence of an association between symptom  
duration and the magnitude of weight loss; prod-
uct moment correlation coefficient -0.03, p=0.85. 
The proportion of patients with a history of syn-
cope in childhood and teenage years was lower in 
the WL group, 23/57 (37%) compared to the WS 
group, 39/73 (53%).

No patients had syncope during the tilt-test. 
Haemodynamic variables before tilt (baseline) and 
at the two measurement times are summarised in 
Table 2. The baseline values of the haemodynamic 
variables were similar in all groups. There was 
strong evidence of a difference in mean arterial 
blood pressure in the two VVS groups compared 
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Table 1: Demography, medical conditions and medications of control, weight stable and weight loss groups.

Clinical group mean (SD)

Control

N=24n=24

Weight stable

N=73 
n=73

Weight loss

N=57

n=57

P

Age (years) 44 (16) 45.2 (20) 44.8 (18) 0.97

Weight (kg) 75.5 (18) 72.5 (16) 73.4 (16) 0.75

Height (cm) 168.9 (7) 168.6 (9) 168.4 (9) 0.92

BMI 26.5 (6) 25.4 (5) 26.0 (5) 0.66

Blood volume (L) 4.6 (0.8) 4.5 (0.8) 4.5 (0.8) 0.77

Change in weight (kg) 11.5  (7)

Change in blood volume (L) 0.4 (0.2)

Weight loss time (months) 18.7 (13)

Duration of symptoms (months) 32.9 (44) 13.5 (15) 0.002

n (%) n (%) n (%)

Childhood syncope 39 (53) 23 (37) 0.06

Female 13 (54) 47 (64) 34 (60) 0.65

Medical conditions

Anxiety/depression 8 (11) 7 (12) 0.82

Phobia 9 (12) 4 (7) 0.32

Migraine 3 (4) 0 (0) 0.26

Others 18 (25) 16 (28) 0.66

Medications

Serotonin specific reuptake inhibitor 7 (10) 9 (16) 0.29

Proton pump inhibitor 7 (10) 5 (9) 0.87

Statin 3 (4) 4 (7) 0.70

Anti-hypertensive medication use 0 (0 2 (4) 0.20

Weight loss mechanism

Life style 25 (44)

Unknown 17 (30)

Anxiety/depression 9 (16)

Medical condition 6 (10)
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Table 2: Early tilt haemodynamic data: controls versus syncope patients with and without weight loss. 
Values represent means ± sd.

Clinical group mean (SD)

Control

(n=24)

Weight stable

(n=73)

Weight loss

(n=57)

P

Mean arterial blood pressure (mmHg)

Baseline 87 (12) 82 (12) 83 (12) 0.22

3 min tilt 102 (12) 90 (3) 92 (13) 0.001

10 min tilt 103 (14) 93 (13) 90 (14) 0.001

Heart rate (beats per minute)

Baseline 73 (12) 71 (11) 70 (10) 0.34

3 min tilt 83 (13) 79 (11) 80 (14) 0.32

10 min tilt 87(14) 84(14) 84(16) 0.71

Stroke volume (percentage of baseline)

3 min tilt 65 (12) 70 (11) 67 (12) 0.34

10 min tilt 61 (11) 69 (10) 71 (18) 0.01

Figure 1
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to control, there was no evidence of a difference 
in heart rate, and although there was no evidence 
of a difference in stroke volume after three min-
utes; the control group had a lower stroke volume 
after 10 minutes of tilt.

Discussion
We found that recent moderate weight loss 

was rather common in patients presenting to our 
clinic with vasovagal syncope. Weight loss in most 
patients was intentional, through dieting and 
exercise; however, many patients were uncertain 
as to the cause. Apart from weight loss, the demo-
graphic characteristics, background medical his-
tories and medications of this group were no 
different to other VVS patients. VVS onset usually 
followed or coincided with the onset of weight 
loss resulting in a shorter duration of syncope 
symptoms before clinic assessment. The dura-
tion of VVS symptoms was associated with the 
time interval over which weight loss occurred. 
Furthermore, fewer patients with weight loss 
reported syncope in earlier life, suggesting that 
onset of syncope was secondary to a physiologi-
cal change, not a life-long predisposition. In the 
absence of other possible confounders it seems 
likely that weight loss, and the associated fall in 
blood volume, were the most likely physiologi-

cal explanations for the synchrony between the 
onset of weight loss and postural VVS. We further 
hypothesised that patients with weight loss and 
decreased central blood volume might have an 
exaggerated fall in stroke volume during head-up 
tilt. However, we found that even though blood 
pressure was lower in both syncope groups 
during early tilt, stroke volume changes were 
less than in controls. Although adipose tissue is 
relatively low in blood volume, studies in diet-
ing patients report reductions of both total and 
central blood volume within months.6,20 We cal-
culated that moderate weight loss, on average 
12kg, would include 0.4L of blood volume, half 
of which is centrally distributed and the main 
determinant of stroke volume.18 During tilt SV 
fell by approximately 30% in all of our patients. 
This occurred mainly in the first three minutes, 
consistent with previous studies on VVS.9 We did 
not study tilt responses beyond ten minutes and 
so cannot comment on how weight loss might 
have affected the later changes preceding syn-
cope. Crucially, our methods did not allow direct 
measurements of central blood volume or abso-
lute SV levels immediately before tilt. Instead, we 
compared only changes in SV after tilt which has 
an uncertain relationship with absolute baseline 
levels. Furthermore, because of the retrospective 
nature of this study, we cannot determine how 

Figure 2
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stroke volume and blood pressure may have 
fallen during the months over which weight loss 
occurred. Presumably the blood pressure level 
was similar in the two syncope groups because 
in the WL group it had fallen from higher levels. 
Therefore, most of the important changes in MAP 
and SV probably occurred during the months 
before clinic assessment and it is not surprising 
that our tilt data was not helpful. This in no way 
refutes our important finding of the association 
between weight loss and VVS.

It is possible that the fall in blood pressure, 
consistently observed after weight loss predis-
poses some patients to recurrent vasovagal syn-
cope.1,5 New-onset syncope has been observed in 
other situations when blood pressure is lowered, 
e.g., following the introduction of antihyperten-
sive medication and during pregnancy.10 Nor-
mally, arterial baroreflexes buffer acute falls in
stroke volume and blood pressure in response to
postural changes. After weight loss, although the
baroreflexes become more sensitive, they reset
and modulate heart rate and sympathetic nerve
activity at lower MAP levels.3,21 However, the
absolute MAP at which syncope occurs remains
the same (approximately 60mmHg), therefore
the lower the MAP levels at which the baroreflex
curve operates, the more likely the patient is to
develop syncope.22 Other studies have used head-
down bed rest (over three weeks) to lower blood
volume and reported no changes in arterial
baroreflex function despite clear demonstration
of orthostatic intolerance.23 We emphasise that
in our study (and other weight loss studies) the
weight change was greater and over a much lon-
ger time interval, therefore a major “left” shift of
the baroreflex curves towards lower MAP levels
is likely.3,21 Re-setting is complicated and involves
not only arterial but also cardiopulmonary baro-
reflexes which control renin, vasopressin and
endothelin secretion.24,27 Furthermore, cardiopul-
monary baroreflexes also modulate sympathetic
activity and augment arterial baroreflex func-
tion when central blood volume is decreased.28,29

In view of these interactions and the nature of
baroreflex responses, it is not surprising that we
were unable to demonstrate a strong linear cor-
relation between the recent duration of weight
loss and syncope symptoms.

Limitations
In this study, the estimation of duration of 

syncope symptoms and weight loss depended 

on patient recall. Onset of syncope after weight 
loss may have biased how some patients remem-
bered their symptoms. We think this was partly 
mitigated by sending the patients a written ques-
tionnaire and checking their reported weight 
data with the electronic record as described in 
the methods. We were unable to directly mea-
sure central blood volume or compare absolute 
stroke volume levels at baseline. Sample size and 
statistical power were limited by the numbers 
of controls and patients presenting with weight 
loss. Multiple comparisons between these groups 
may have increased the risk of a type I error. An 
ideal future study would prospectively measure 
weight loss, tilt responses, and symptoms before 
and after dietary intervention. 

Conclusion
In the majority of patients presenting to our 

clinic with recurrent blackouts occurring in a 
standing or sitting position, the diagnosis is vaso-
vagal syncope.15 It is usually made by taking a 
careful history.10,12,14 When the history is unclear, 
other less common causes can be excluded by 
the appropriate investigations, for example 
long-term cardiac monitoring for arrhythmia or 
tilt testing for postural hypotension.10,12 If these 
results are normal, patients can be reassured 
that the diagnosis is still most likely to be VVS 
because it is so prevalent in all age groups. In 
some, the diagnosis is supported by a satisfactory 
response to treating predisposing factors e.g., 
anaemia, dehydration, prolonged bedrest, drugs, 
pregnancy, or fever; but in others there are no 
associated changes other than weight loss. The 
results of this study are consistent with that in 
a subset of patients with recent onset VVS, there 
may be an association with simultaneous moder-
ate weight loss. This association is generally not 
recognised by patients and has not previously 
been reported. This may be because the temporal 
association between duration of weight loss and 
onset of syncope is not simple. We suspect that 
when weight stabilises at a lower level and the 
baroreflex mechanisms re-set, the time interval 
during which the patient remains symptomatic 
is variable. We plan a follow-up study to examine 
the length of this time interval and what baro-
reflex changes occur. In the meantime, we reas-
sure our patients that the symptoms will improve 
(without any form of medication), and they are 
discouraged from putting the weight back on. 
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