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Background: Familial dysautonomia is a genetic disease 
that affects the sensory and autonomic nervous systems 
with varying severity. The deep breath test is one of several 
measures used to assess the severity of autonomic diseases, 
but its value in familial dysautonomia has not yet been 
investigated. 
Objectives: To determine the diagnostic value of the DBT in 
patients with familial dysautonomia.
methods: Eight patients with familial dysautonomia and eight 
healthy volunteers were examined by electrocardiography 
for 1 minute at rest and during forced deep breathing. The 
following values were recorded: maximum expiratory and 
minimum inspiratory heart rate and the difference between 
them (ΔE/I), standard deviation of the heart rate values, 
interbeat intervals, and E/I ratio. Spectral power analysis of 
heart rate variability was also performed. 
results: The patients with familial dysautonomia showed 
a lesser change in heart rate in response to the change in 
breathing pattern than the controls. Mean values in the study 
group were significantly higher for minimal inspiratory heart 
rate and significantly lower for ΔE/I, heart rate standard 
deviation and E/I ratio, indicating a non-flexible heart re- 
sponse and abnormal parasympathetic function. These 
findings were supported by power spectral analysis. 
conclusions: Patients with familial dysautonomia have a 
significantly disturbed response to physiological stimuli. The 
DBT may serve as a reliable means to quantify autonomic 
dysfunction in this patient population. 
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aBstract:

KeY wOrds:

DBT = deep breathing test
E/I = expiratory/inspiratory

F amilial dysautonomia, first described by Riley and Day 
in 1949 [1], is an autosomal recessive disorder character-

ized by abnormal development of the sensory and autonomic 
nervous systems as well as progressive neuronal degeneration 

[2,3]. It is also termed hereditary sensory and autonomic neu-
ropathy type 3 [2]. A mutation in the IKBKAP gene located in 
the long arm of chromosome 9 is responsible for 99% of cases 
[2]. The disease occurs almost exclusively in Ashkenazi Jews 
(i.e., of East European descent), with a worldwide incidence 
of 1:10,000 to 1:20,000 [2,4]. 

The sympathetic system dysfunction in FD is usually 
pronounced, and both the sympathetic ganglia and the 
intermediolateral spinal columns are grossly affected [5]. 
The parasympathetic dysfunction varies in severity [6]. The 
clinical presentation includes alacrimation, frequent changes 
in skin color, body temperature dysregulation, dysphagia, 
gastrointestinal dysmotility, recurrent aspiration pneumonia, 
spinal deformity, and tendency to injury [3]. Cardiovascular 
dysregulation is common and is characterized by a lack of 
compensatory increases in heart rate in response to ortho- 
statism [5] and labile blood pressure [4]. Studies also report 
insensitivity to hypercapnia and hypoxia [3]. Non-invasive 
tests currently used to evaluate the autonomic dysfunction in 
FD include infra red pupillometry to measure the light-reflex 
response as a sign of sympathetic and parasympathetic nerve 
dysfunction [7], and the cold face test to evaluate the para-
sympathetic response to modified diving reflex stimuli [8]. 

It is well recognized that a change in breathing pattern can 
alter the autonomic regulation of the cardiovascular system 
[9]. The aim of the present study was to determine the diag-
nostic value of the deep breath test in patients with FD. Our 
search of the literature yielded no data on this issue. 

Patients and methOds 

A prospective case series design was used. The research pro-
tocol was approved by the Institutional Helsinki Committee. 
All participants provided written informed consent.

The study group included 10 patients with FD, 6 males and 
4 females. These patients account for about 8% of all known 
patients with FD currently living in Israel. The average age at 
diagnosis was 2 years. The control group consisted of eight age- 

FD = familial dysautonomia
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and gender-matched healthy volunteers. None of the patients 
(in both groups) were smokers and all were diabetes-free. 

All participants were asked to avoid smoking as well as intake 
of caffeinated beverages or other stimulants for 12 hours prior 
to the DBT, and to avoid strenuous exercise for 24 hours prior 
to the test. In all cases, the test was conducted between 4:00 
and 6:00 p.m. to avoid the circadian influence on heart rate and 
autonomic nervous system function. Room temperature was 
maintained at 21–23ºC. To prevent sympathetic overactivity, 
subjects were requested to empty their bladder before the test. 

Before the test began, participants were asked to lie 
motionless for 20 minutes in a quiet room without external 
interference for measurement of baseline heart rate (60 sec). 
Thereafter, a electrocardiographic examination lasting 1 min-
ute was conducted with the MAC 5000 device (Marquette, 
GE Healthcare, Milwaukee, WI, USA), during which subjects 
were asked to remain in the prone position and to perform 
forced breathing six times. The deep breathing test was 
repeated and the results were averaged. The ECG readings 
were transmitted to a computer, and the heart rate values 

were extracted on the basis of the intervals between the R 
spikes. Maximal heart rate during expirium and minimal HR 
during inspirium was measured, and the difference between 
the two was calculated (ΔE/I=MaxHR-MinHR). The standard 
deviation of the heart rate values and of the interbeat inter-
vals was computed. The E/I ratio was calculated by dividing 
the longest mean RR interval during expirium by the shortest 
RR interval during inspirium [10]. 

Spectral analysis of heart rate variability was performed 
with a Matlab-based computer code kindly provided by 
the Department of Applied Physics, University of Kuopio, 
Finland. Spectral density was calculated using the non-para-
metric fast Fourier transform algorithm for low (0.04–0.15 
Hz) and high (0.15–0.5 Hz) frequency bands. Low frequency 
changes are mediated by both sympathetic and parasympa-
thetic activity at rest; high frequency changes are linked to 
the respiratory influence on heart rate and reflect parasympa-
thetic activity [11-14]. Both LF and HF measurements were 
recorded in normalized units [14]. 

The LF/HF ratio was calculated as an indicator of the 
sympathetic-parasympathetic balance [15,16]. The square 
root of the mean squared difference of successive RR intervals 
was calculated as an indicator of the short-term component 
of rate variability [14,15]. 

Results are presented as means and standard deviations. 
Findings were compared between the groups by Student's t-test. 
A P value of 0.05 was considered statistically significant. 

results 

Two patients with FD found it difficult to coordinate their 
breathing pace to create a maximum expiratory and inspiratory 
force, and their findings were excluded from the final analy-
sis. The results of the control group and the eight remaining 
patients are shown in Table 1. The DBT results in a 31 year old 
healthy female volunteer and 33 year old female with FD are 
given in Figures 1 and 2 respectively. There was no significant 
difference between the control and FD groups in mean MaxHR 
during expirium. The control group had a significantly lower 
mean minimal inspiratory HR compared to the FD group (P < 
0.001) and a significantly higher mean ΔE/I (P = 0.048), higher 
HR-SD (P < 0.001) and higher E/I ratio (P < 0.01). 

The study group had a significantly lower RR-SD than the 
control group, both during rest and after DBT stimulation, 
indicating a lesser heart rate variability. Moreover, RR-SD 
was not significantly altered by DBT, as was observed in the 

MaxHR = maximum heart rate
MinHR = minimum heart rate
RR = interbeat
LF = low frequency
HF = high frequency
HR-SD = standard deviation of heart rate values
RR-SD = standard deviation of interbeat intervals

Parameter control Fd P value

Age (yrs) 24.37 ± 9.56 25.5 ± 12.5 NS

Maximal expiratory HR (beats/min) 88.87 ± 14.98 96.25 ± 13.34 NS

Minimal inspiratory HR (beats/min) 50.5 ± 4.69 73.37 ± 8.26 < 0.001

ΔE/I 38.37 ± 15.38 22.87 ± 13.15 0.048

HR-SD 0.137 ± 0.038 0.049 ± 0.020 < 0.001

E/I ratio 1.77 ± 0.34 1.32 ± 0.2 <0.01

RR-SD baseline (sec) 0.07 ± 0.05 0.03 ± 0.01 0.05

RR-SD DBT (sec) 0.13 ± 0.04 
(< 0.01)

0.04 ± 0.02 
(NS)

< 0.001

RMSSD baseline (msec) 85.36 ± 67.05 28.55 ± 12.89 0.032

RMSSD DBT (msec) 115.69 ± 45.96 
(NS)

24.54 ± 15.18 
(NS)

< 0.001

LF baseline (nu) 27.79 ± 13.81 37.1 ± 17.86 NS

LF DBT (nu) 72.39±8.89 
(< 0.001)

66.16±13.55 
(< 0.01)

NS

HF baseline (nu) 72.21 ± 13.81 62.9 ± 17.86 NS

HF DBT (nu) 27.61±8.89 
(< 0.001)

33.96 ± 13.58 
(< 0.01)

NS

LF/HF baseline 0.44 ± 0.35 0.73 ± 0.57 NS

LF/HF DBT 3.02 ± 1.46 
(0.001)

2.93±2.92 
(NS)

NS

table 1. Heart rate changes and frequency domain parameter in patients with 
familial dysautonomia and healthy controls

HR = heart rate, ΔE/I = (maximal HR)-(minimal HR), HR-SD = standard deviation of HR during  
1 minute DBT, SD-RR = standard deviation of interbeat interval, RMSSD = mean squared root of 
the difference of successive RR intervals, DBT = deep breath test, HF = high frequency, LF = low 
frequency. NS = not significant.
Note: The P value given in parenthesis refers to the change in examined parameters after the DBT 
from baseline.
The P value column refers to the difference in examined parameters between the FD and control groups.
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reflected in their lower than normal values of ΔE/I, HR-SD, 
and E/I ratio. The significantly higher MinHR during 
inspirium in this group indicates abnormal parasympathetic 
function. The autonomic dysfunction was supported by the 
lack of a significant change in LF/HF ratio following DBT. 
Power spectral analysis adds little to the DBT in detecting 
autonomic dysfunction in FD. 

We conclude that FD is associated with a significantly 
disturbed response to physiological stimuli. The DBT may 
serve as a reliable means to quantify autonomic dysfunction 
in this patient population. 

studY limitatiOns

The study group was small because of the low prevalence of 
FD. Future prospective studies with larger study groups and 
prolonged follow-up may shed further light on the signifi-
cance of DBT in FD. 
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RMSSD = root mean square successive difference

Figure 1. Deep breath test results in a 31 year old healthy female 
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Figure 2. Deep breath test results in a 33 year old female with 
familial dysautonomia
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In epithelial tissues, the lineage relationship between normal 
progenitor cells and cell type(s) of origin for cancer has been 
poorly understood. Wang et al. show that a known regulator 
of prostate epithelial differentiation, the homeobox gene 
Nkx3-1, marks a stem cell population that functions during 
prostate regeneration. Genetic lineage marking demonstrates 
that rare luminal cells that express Nkx3-1 in the absence of 
testicular androgens (castration-resistant Nkx3-1-expressing 
cells, CARNs) are bipotential and can self-renew in vivo, 
and single-cell transplantation assays show that CARNs can 

reconstitute prostate ducts in renal grafts. Functional assays 
of Nkx3-1 mutant mice in serial prostate regeneration suggest 
that Nkx3-1 is required for stem cell maintenance. Furthermore, 
targeted deletion of the Pten tumor suppressor gene in CARNs 
results in rapid carcinoma formation after androgen-mediated 
regeneration. These observations indicate that CARNs represent 
a new luminal stem cell population that is an efficient target for 
oncogenic transformation in prostate cancer.

Nature 2009; 461: 495
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capsule

a luminal epithelial stem cell that is a cell of origin for prostate cancer

Celiac disease driven by an antigluten T cell response is 
strongly associated with the histocompatibility antigen HLA-
DQ2.5 but is barely associated with HLA-DQ2.2. Yet these 
molecules have very similar peptide-binding motifs and 
both present gluten T cell epitopes. Fallang et al. found that 
DQ2.5+ antigen-presenting cells (APCs) had greater stability 
of bound peptides and protracted gluten presentation 
relative to that of DQ2.2+ cells. The improved ability of DQ2.5 

to retain its peptide cargo can be ascribed to a polymorphism 
of DQ 22 whereby DQ2.5 (tyrosine) can establish a hydrogen 
bond to the peptide main chain but DQ2.2 (phenylalanine) 
cannot. These findings suggest that the kinetic stability of 
complexes of peptide and major histocompatibility complex 
is of importance for the association of HLA with disease.

Nature Immunol 2009; 10: 1096
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differences in the risk of celiac disease associated with hla-dq2.5 or hla-dq2.2 are related to 
sustained gluten antigen presentation

“tell me and i will forget. show me and i may remember. involve me and i will understand”
Confucius

Toxoplasma gondii is a universally distributed pathogen that 
infects over one billion people worldwide. Host resistance to 
this protozoan parasite depends on a Th1 immune response 
with potent production of the cytokines interleukin-12 and 
interferon gamma. Although Toll-like receptor 11 (TLR11) plays 
a major role in controlling Th1 immunity to this pathogen 
in mice, this innate immune receptor is non-functional in 
humans, and the mechanisms of TLR11-independent sensing 
of T. gondii remain elusive. Benson and co-authors show that 
oral infection by T. gondii triggers a TLR11-independent but 

MyD88-dependent Th1 response that is impaired in TLR2xTLR4 
double knockout and TLR9 single knockout mice. These 
mucosal innate and adaptive immune responses to T. gondii 
rely on the indirect stimulation of dendritic cells by normal gut 
microflora. These results reveal that gut commensal bacteria 
can serve as molecular adjuvants during parasitic infection, 
providing indirect immunostimulation that protects against  
T. gondii in the absence of TLR11.

Cell Host Microbe 2009; 6: 104
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gut commensal bacteria direct a protective immune response against toxoplasma gondii




