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Abstract 
Introduction: Short stature and/or low birth weight are associated with an 
enhanced	cardiovascular	mortality.	Autonomic	imbalance	measured	by	reduced	
heart rate variability (HRV) is an important surrogate parameter for cardiovascular 
risk	stratification.	We	recently	showed	reduced	24	hour	HRV	in	some	children	with	
a	height	below	the	third	percentile.	We	sought	to	determine	if	supplementation	
of	omega-3-fatty	acids	improves	HRV	in	these	children.	

Methods: We measured the 24 h HRV in 20 children with short stature, 11 of 
which were also undergoing treatment with recombinant growth hormone and 
mean	age	of	7.4	±	4.5	years,	before	and	after	an	average	of	232	days	on	daily	
supplementation	with	omega-3	fatty	acids.

Results: Compared to 85 healthy control children, the baseline HRV was 
significantly	 reduced	 and	 the	 mean	 heart	 rate	 was	 significantly	 enhanced	 in	
children	with	 short	 stature.	 	After	supplementation	of	omega-3-fatty	acids,	 the	
mean	HRV	significantly	 increased	as	 indicated	by	nearly	all	time	and	 frequency	
domain parameters. Mean heart rate decreased from 100.4 ± 12.4 bpm to 96.2 
±	12.3	bpm	(p=0	.0009).	The	cause	of	heart	rate	reduction	was	the	result	of	an	
enhanced	 vagus	 activity	 indicated	 by	 significantly	 higher	 rMSSD,	 pNN50	 and	
high	frequency	power.	However,	global	HRV	remained	reduced	despite	the	HRV	
improvement	(SDNN:	106.3	±	29.7	ms	to	114.1	±	34.8	ms;	not	significant).	

Conclusion:	 Our	 study	 showed	 an	 improvement	 in	 HRV	 after	 omega-3	 fatty	
acid	supplementation	 in	children	with	short	stature	due	to	 intrauterine	growth	
retardation,	growth	hormone	deficiency,	congenital	syndromes	and	heart	defects.	
Thus,	 we	 propose	 omega-3	 fatty	 acid	 supplementation	 for	 children	with	 short	
stature	who	have	significantly	reduced	24	hour	HRV	in	an	effort	to	improve	their	
cardiovascular prognosis.

Keywords: Omega	3-Fatty	Acids,	Short	stature,	Heart	rate	variability

Abbreviations: BMI:	Body	Mass	Index;	ECG:	Electrocardiogram;	HRV:		Heart	Rate	
Variability;	pNN50:	Number	of	Pairs	of	adjacent	NN	 intervals	differing	by	more	
than	50	ms	divided	by	the	total	number	of	all	NN	intervals	[%];	SDNN:	Standard	
deviation	of	 all	NN	 intervals;	 sNN50:	Number	of	Pairs	of	 adjacent	NN	 intervals	
differing	by	more	than	50ms;	rMSSD:	Square	root	of	the	mean	of	the	Sum	of	the	
Squares	of	differences	between	adjacent	NN	intervals.
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Introduction
Short stature and/or low birth weight are associated with 
increased cardiovascular morbidity and mortality [1,2]. 
Autonomic	imbalance	measured	by	reduced	heart	rate	variability	
(HRV) is an important surrogate parameter for an increased 
cardiovascular morbidity and mortality in both adults [3] and 
youth [3,4]. We recently showed that some children with a 
height	below	the	third	percentile	had	a	reduced	24	hour	HRV	[5].	
However,	the	observed	reduction	in	HRV	was	not	caused	by	short	
stature directly, but rather the associated underlying diseases. 
In	 particular,	 the	 following	 diagnostic	 groups	 with	 significant	
autonomic imbalance and associated increased cardiovascular 
risk	were	identified:

• Children	 that	are	 small	 for	gestational	age	 (SGA)	due	 to	
intrauterine	growth	retardation

• Children	with	growth	hormone	deficiency	(GHD)

• Children with congenital heart disease and congenital 
syndromes

The	nutritional	intake	of	omega-3-fatty	acids	has	been	shown	to	
have	a	high	impact	on	mitigating	cardiovascular	risk	[6],	cognition	
[7]	and	emotional	disease	[8,9].	There	is	also	compelling	evidence	
that	 omega-3-fatty	 acids	 have	 a	 significant	 positive	 effect	 on	
fetal	 growth	 and	 cardiovascular	 health	 [10-14].	 Specifically,	
in a randomized controlled trial, Skilton et al. showed that an 
association	between	 low	dietary	omega-3-fatty	acid	 intake	and	
higher	 blood	 pressure	 and	 subclinical	 atherosclerosis	 in	 SGA	
patients	was	prevented	by	omega-3-fatty	acid	supplementation	
during	the	first	5	years	of	life	[10-14].	A	current	a	meta-analysis	
of	randomized	controlled	trials	showed	a	significant	decrease	of	
systolic blood pressure by 4.0 mmHg and diastolic blood pressure 
by 3.5 mmHg [15]. 

The	NHANES	study	group	strived	to	improve	cardiovascular	risk	
stratification	 in	 children	 with	 low	 birth	 weight	 by	 using	 more	
established	surrogate	parameters,	such	as	carotid	intima-media	
thickness and blood pressure in 3,457 children, and found an 
association	 between	 dietary	 long-chain	 omega-3	 fatty	 acids	
and	 blood	 pressure	 [10-14].	 The	 effect	 of	 omega-3	 fatty	 acid	
supplementation	 on	 blood	 pressure	 and	 carotid	 intima-media	
thickness is too small to be detectable in small groups and in single 
patients.	Thus,	the	HRV	is	an	ideal	measure	for	cardiovascular	risk	
assessment in the current study. Thus, based upon these studies 
we	 hypothesized	 that	 supplementation	 of	 omega-3-fatty	 acids	
should improve HRV in children with short stature as has been 
shown	in	several	other	patients	groups	[16].	To	accomplish	this,	
we measured the 24 hour HRV in 20 children with short stature 
at	baseline	and	after	~230	days	of	 taking	daily	 supplements	of	
omega-3	fatty	acids.

Methods
Patients 
The current study included 20 children of short stature with 
an age of 7.4 ± 4.5 years on average who were referred to the 

outpatient	 clinic	 in	 the Pediatrics Department of the Caritas 
Hospital in Bad Mergentheim, Germany between the years 2013 
and	 2016	 for	 further	 diagnostics	 and	 therapy	 of	 short	 stature.	
All	patients	and	their	parents	were	informed	about	recombinant	
growth hormone treatment according to the current guidelines. 
Cardiovascular	 risk	 stratification	 using	 24	 hour	 HRV	 analysis,	
measured	by	24	hour	Holter	ECG,	and	NT-Pro-BNP	levels	is	part	of	
our	clinical	routine	in	children	with	short	stature.	In	those	children	
with	 significantly	 reduced	 24	 hour	 HRV	 we	 also	 offered	 the	
opportunity	to	supplement	omega-3	fatty	acids	and	participate	
in	the	study.	If	the	supplementation	was	not	covered	by	health	
insurance,	patients	usually	purchased	different	products	based	
upon	1-2	g	fish	oil	per	day	from	a	retail	store.	The	following	dose	
recommendations	were	given:	Children	up	to	an	age	of	8	years	
should	receive	at	least	200	mg	Eicosapentaenoic	acid	(EPA)	and	
40	 mg	 Docosahexaenoic	 acid	 (DHA)	 as	 a	 suspension	 per	 day.	
Children who were able to swallow capsules should receive at 
least	400	mg	EPA	and	120	mg	DHA	per	day.	The	following	patients	
agreed	to	participate	in	the	study:

• Six	 children	 with	 intrauterine	 growth	 retardation,	 2	
received growth hormone therapy (N=6)

• Six	children	with	growth	hormone	deficiency,	5	received	
growth hormone therapy (N=6)

• Five	 children	 with	 congenital	 syndromes	 (Turner,	 Silver	
Russell	 and	 VACTERL	 syndrome),	 4	 received	 growth	
hormone therapy (N=6)

• Two	children	with	congenital	heart	defects	after	surgery	
(N=2)

The	HRV	was	measured	a	second	time	after	an	average	of	232	
days	of	omega-3	fatty	acid	supplementation	by	Holter	ECG.

The height and weight	were	measured	for	each	patient,	and	the	
body	 mass	 index	 (BMI)	 and	 BMI	 percentiles	 were	 calculated.	
Values	of	NT-Pro-BNP,	IgF1	and	IgFBP3	were	also	collected	from	
our	routine	clinical	laboratory.

Control group 
For	 controls,	 data	 from	 normal	 healthy	 children	 (N=85)	 were	
retrieved	 from	 a	 previous	 project	 investigating	 normal	 HRV	 in	
children	 [17].	 Therefore,	 the	 data	 from	 these	 patients,	 who	
attended	our	outpatient	clinic	for	exclusion	of	cardiac	arrhythmia,	
was	 analysed	 retrospectively.	 The	 retrospective	 analysis	 was	
approved by the ethical board of our states medical chamber 
(Landesärztekammer	 Baden	 Württemberg)	 and	 recently	
published [17].

24 hour ECG and analysis of heart rate variability 
Autonomic	 control	 of	 cardiovagal	 function	was	 tested	 by	 time	
domain analysis of 24-hour ambulatory digital electrocardiogram 
(ECG)	 recordings.	 A	 two-channel	 Holter	 monitor	 (Pathfinder™,	
Spacelabs,	 Germany)	 was	 used	 for	 ECG	 recording	 while	 the	
children	followed	their	normal	daily	routines.	All	Holter	recordings	
were reviewed by an experienced cardiologist (R.B.) and edited 
to	 validate	 the	 system’s	 ECG	 labelling.	Measures	 of	 HRV	were	
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calculated employing only normal to normal intervals. The Holter 
ECGs	were	analyzed	as	average	values	from	the	entire	24	hours	of	
analyzable	data	and	additionally	for	circadian	rhythm	analysis	as	
mean	hourly	values	with	regard	to	the	time	of	day.	Measurement	
and	interpretation	of	HRV	parameters	in	the	current	sample	were	
standardized according to the currently established guidelines 
[18].	 A	minimum	 of	 23	 hours	 of	 analyzable	 data,	 and	 at	 least	
95%	 of	 analyzable	 heart	 beats,	 were	 required	 for	 the	 data	 to	
be	 included	 for	 analysis.	 For	 time	domain	measures,	mean	 RR	
interval,	resulting	heart	rate	and	HRV	parameters	(square	root	of	
the	mean	of	the	sum	of	squares	of	differences	between	adjacent	
NN-intervals	(rMSSD)	and	the	standard	deviation	of	NN	intervals	
(SDNN)) were calculated as average hourly values and as 24-hour 
average values. In the current study, we used the term vagal 
tone for the part of the autonomic nervous system measured by 
rMSSD.	Numbers	 of	 pairs	 of	 adjacent	NN	 intervals	 differing	 by	
more than 50 ms were given as absolute number of NN intervals 
per hour (sNN50) or as the percentage of the total number of 
all NN intervals during 24 hours (pNN50). The rMSSD, pNN50, 
and	heart	 rate	all	predominantly	 reflect	a	response	to	changes	
in	vagal	tone	while	the	SDNN	reflects	global	heart	rate	variability.	
The	SDNN	is	also	dually	influenced	by	cholinergic	and	adrenergic	
activity,	as	well	as	other	physiological	inputs.

For	 frequency	 domain	 measures,	 beat-to-beat	 fluctuations	
were	 transformed	 to	 the	 frequency	 domain	 using	 Fast	 Fourier	
Transformation.	 Spectral	 power	 was	 determined	 over	 three	
frequency	regions	of	interest:	Very	low	frequency	(VLF,	<	0.04	Hz),	
low	frequency	 (LF,	0.04-0.15	Hz)	and	high	 frequency	 (HF,	0.15-
0.4	Hz)	with	derived	HF/LF	ratio.	LF	reflects	mostly	sympathetic	
activity	and	HF	predominantly	vagal	tone.	

Statistical Analysis
All	 results	 were	 reported	 as	 mean	 ±	 standard	 deviation	 (SD).	
Parametric	 statistics	 were	 used	 for	 all	 comparisons	 as	 most	
variables	 were	 normally	 distributed.	 Patients	 were	 compared	
with	 controls	using	 an	 independent	 samples	 t-test	 for	 equality	
of	means	and	patients	were	compared	before	and	after	omega-3	
fatty	 acid	 supplementation	 using	 a	 paired	 samples	 t-test	 for	
equality	of	means.		

Results
Patient	 characteristics	 and	 24	 hour	 mean	 values	 from	 the	
Holter	ECG	monitor,	age,	height,	and	body	mass	index	(BMI)	are	
summarized in Table 1.	 	 All	 patients	 had	 short	 stature,	 height	
below	 third	 percentile,	 but	 11	 children	 received	 recombinant	
growth	 hormone	 therapy	 and	 showed	 significant	 “catch–up”	
growth	before	omega-3	 fatty	acid	 supplementation.	There	was	
no	 significant	 change	 in	 mean	 height	 percentile	 or	 BMI	 after	
omega-3	fatty	acid	supplementation.	The	mean	birth	weight	of	
the	patients	in	our	study	was	reduced	due	to	the	inclusion	of	6	
children	with	SGA	and	6	children	with	congenital	syndromes.	We	
also observed that NT-Pro-BNP was increased in some children 
with and without heart defects and Insulin like growth factor 
1	 was	 reduced	 in	 some	 children	 waiting	 on	 growth	 hormone	
replacement.	 Baseline	 HRV	 in	 our	 study	 group	 is	 significantly	

reduced and mean heart	 rates	 are	 significantly	 enhanced,	
relative	 to	 healthy	 controls.	 After	 supplementation	 of	 omega-
3-fatty	acids,	the	mean	HRV	significantly	 increased	as	 indicated	
by	a	significant	change	in	nearly	all	time	and	frequency	domain	
parameters (Table 2). Mean heart rate decreased from 100.4 
± 12.4 bpm to 96.2 ± 12.3 bpm (p=0 .0009). Mean heart rate 
reduction	by	4-5	bpm	was	comparable	at	both	day	and	night,	but	
due	a	lower	standard	deviation,	only	the	nighttime	values	reached	
statistical	significance.	Global	HRV	remained	significantly	reduced	
despite the HRV improvement (SDNN: 106.3 ± 29.7 ms to 114.1 ± 
34.8	ms;	not	significant).	However,	global	HRV	expressed	as	total	
power	 –	 the	 equivalent	 value	 for	 SDNN	using	 the	 Fast	 Fourier	
Analysis-showed	a	 significant	 improvement	with	omega-3	 fatty	
acids (2510 ± 1404 ms2 to 4254 ± 3391 ms2;	p=0.071).	The	ratio	of	
high	to	low	frequency	power-a parameter of autonomic balance 
–	changed	significantly	in	favor	of	vagus	activation.

Circadian analysis of heart rate and heart rate 
variability  
The circadian analysis of mean hourly heart rates and pNN50, 
before	 and	 after	 supplementation	 of	 omega-3-fatty	 acids	 in	
children with short stature, illustrated the most important 
autonomic	 effects	 (Figure 1). The normal HRV range of age 
matched healthy control children was high compared the 
study	 patient	 group.	 However,	 the	 study	 group	 showed	 high	
mean heart rate and low mean pNN50 values which indicates 
significant	autonomic	imbalance	with	sympathetic	dominance	at	
day	and	night.	Supplementation	of	omega-3-fatty	acids	reduced	
elevated	heart	rate	and	improved	low	vagus	activities	indicated	
by	higher	pNN50	values.	This	beneficial	effect	seemed	to	be	more	
pronounced between 9:00 and 18:00.

Discussion
Our	study	demonstrated	the	feasibility	to	measure	an	important	
cardiovascular surrogate parameter, HRV, in children with short 
stature which have a well-known enhanced cardiovascular risk. 
By	using	24	hour	HRV	analysis	obtained	from	Holter	ECG	data,	we	
clearly	demonstrated	that	HRV	was	significantly	reduced	before	

Parameter Healthy 
Control Baseline Omega 3 Fatty 

Acid
Mean ± SD Mean ± SD Mean ± SD

Age	[years] 8.1 ± 3.1 7.4 ± 4.5 8.0 ± 4.8
Height [cm] 128.6 ± 20.2 115.3 ± 30.9 118.9 ± 30.3

Height	Percentile	[%] 45.4 ± 27.2 13.0 ± 19.7 13.3 ± 19.4
Height SDS -0.38 ± 0.8 -1.78 ± 1.2 -1.68 ± 1.2

BMI [kg/m2] 15.8 ± 1.5 17.1 ± 4.3 17.4 ± 4.7
BMI	Percentile	[%] 38.2 ± 22.9 41.1 ± 36.8 41.7 ± 36.3

Birthweight [g]

Not measured

2338 ± 1025

Not measured
NT-Pro-BNP [pg/ml] 141 ± 117

IgF	1	[ng/ml] 159 ± 160
IgFBP	3	[ng/ml] 3348 ± 1480

Table 1	Anthropometric	and	laboratory	data.	

BMI:	Body	Mass	Index;	IgF1:	Insulin	like	Growth	Factor	1;	IgFPB3:	Insulin	
like	 Growth	 Factor	 1	 Binding	 Protein;	 NT-Pro-BNP:	 Brain	 Natriuretic	
Peptide.
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Parameter Healthy Control Baseline Omega 3 Fatty Acids
Mean ± SD P-value Mean ± SD P-value P-value

N=85 N=20 N=20 Baseline	vs	Omega	3	FA
Heart Rate [bpm] 89.8 ± 12.5 100.4 ± 12.4** 0.001 96.2 ± 12.3 0.0876 0.0009

HR day [bpm] 101.2 ± 13.9 109.9 ± 14.4* 0.014 104.7 ± 14.1 0.28 0.0559
HR night [bpm] 76.2 ± 11.8 87.7 ± 12.1*** 0.0002 83.4 ± 12.1* 0.0164 0.0005

RMSSD [ms] 42.6 ± 13.1 26.0 ± 10.8**** <0.0001 30.0 ± 13.5*** 0.0002 0.0057
pNN50 [%] 23.4 ± 11.5 9.8 ± .8**** <0.0001 12.0 ± 11*** 0.0002 0.0373
SDNN [ms] 148.3 ± 46.6 106.3 ± 29.7*** 0.0002 114.1 ± 34.8** 0.0026 0.094

TP [ms2] 5185 ± 3139 2510 ± 1404*** 0.0003 4254 ± 3391** 0.004 0.041
VLF	[ms2] 2996 ± 2404 1305 ± 751** 0.0025 1595 ± 1115* 0.0127 0.071
LF	[ms2] 1324 ± 699 745 ± 467*** 0.0007 840 ± 562** 0.0048 0.1944
HF	[ms2] 777 ± 339 388 ± 287**** <0.0001 509 ± 353** 0.0021 0.0061
HF/LF 0.65 ± 0.22 0.59 ± 0.34 0.348 0.7 ± 0.38 0.4427 0.017

Table 2 24 hour heart rate analysis data.

HR:	Heart	Rate;	NN	intervals:	Time	between	the	normal		heart	beats	in	sinus	rhythm;		SDNN:	Standard	Deviation	of	all	NN	intervals;	RMSSD:	The	
square	Root	of	the	Mean	of	the	Sum	of	the	Squares	of	differences	between	adjacent	NN	intervals;	pNN50:	Number	of	pairs	of	adjacent	NN	intervals	
differing	by	more	than	50ms	divided	by	the	total	number	of	all	NN	intervals;		TP:	Total	Power;	VLF:	Very	Low	Frequency	power;	LF:	Low	Frequency	
power;	HF:	High	Frequency	power;	HF/LF:	Ratio	HF	to	LF.	
Unpaired	t-test	between	Healthy	Control	and	Baseline/Omega	3	Fatty	Acids	(italic);	
Paired	t-test	between	baseline	and	omega	3	fatty	acids	(bold):
*P-value<0.05;	**P-value<0.01;	***P-value<0.001;****P-value<0.0001.
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omega-3	 fatty	 acid	 supplementation.	 Autonomic	 imbalance	
measured by HRV is more pronounced in this study group 
compared	 to	 our	 previous	 study	 [5]	 due	 to	 patient	 selection.	
We	 proposed	 omega-3	 fatty	 acid	 supplementation	 only	 in	
children	with	significantly	reduced	HRV	after	cardiovascular	risk	
stratification.

The	cause	of	heart	rate	reduction	seems	to	be	an	enhanced	vagus	
activity	 as	 indicated	 by	 significantly	 higher	 rMSSD,	 pNN50	 and	
high	 frequency	power	values	after	 supplementation	of	omega-
3-fatty	 acids.	 Reduced	 HRV	 may	 indicate	 intense	 sympathetic	
nerve	 activity,	 as	 shown	 in	 adults	 with	 hypopituitarism	 by	
muscle	 sympathetic	 nerve	 activity	 analysis	 (MSNA).	 However,	
reduced HRV - primarily measured by low rMSSD, pNN50 and 
high	 frequency	 power	 -	may	 also	 indicate	 a	 loss	 of	 the	 "vagal	
brake"	with	 important	 implications	 for	 cardiovascular	 risk	 [19]	
,	arrhythmias	[20],	neurocognition		[21]	and	social	engagement	
[22].	 Vagus	 maturation	 from	 infancy	 to	 adolescence	 is	 the	
hallmark of children's autonomic nervous system and the most 
important	 therapeutic	 target	 with	 measureable	 endpoints	 in	
childhood [21].

The	question	how	omega-3-fatty	acids	 improve	HRV	 remains	a	
matter	of	discussion	as	recently	reviewed	by	MT	Rovere	and	JH	
Christensen	 [23].	At	 the	end	of	 this	 review	the	authors	discuss	
“that	 the	 HRV	 responses	 to	 n-3	 PUFA	 treatment	 are	 more	
consistent	with	reductions	in	the	intrinsic	pacemaker	rate	(of	the	
heart)	than	with	alterations	in	autonomic	neural	regulation.”	We	
recently	publish	our	own	concept	about	the	impact	of	nutrition	
on the autonomous nervous system and provide many data 
that	caloric	intake	and	omega-3-fatty	acids	regulate	the	intrinsic	
heart rate [24]. If one regards metabolic rate as the universal 
‘pacemaker’ for biological processes than metabolism may drive 
the	 operating	 speed	 of	 closely	 related	 physiological	 functions	
(e.g.	 breathing	 and	 heart	 rate).	 Omega-3-fatty	 acids	 seem	 to	
be an important regulator between this interplay between 
metabolic and heart rate.

Cardiovascular	 risk	 stratification	 by	 HRV	 analysis	 is	 well	
established in adults, but unusual in pediatrics. Massin et al., 
(2001)	were	the	first	to	show	an	association	between	HRV	and	
fetal	 and	 postnatal	 growth	 [25].	 Further	 studies	 focused	 on	
children	 born	 small	 for	 gestational	 age	 and	 found	 significantly	
reduced HRV [26-28]. In later life, adults with low birth weight 
and catch-up growth showed normal HRV [29]. 

According	 to	 the	 low	 cardiovascular	 mortality	 in	 “healthy	
children”,	nearly	all	children	don’t	reach	cardiovascular	endpoints	
like	myocardial	infarction,	sudden	cardiac	death	or	stroke	despite	
significant	 autonomic	 dysfunction.	 A	 large	 European	 study	 in	
24,232	 patients,	 most	 commonly	 treated	 for	 isolated	 growth	
failure (53%), Turner syndrome (13%) and growth hormone 
deficiency	 linked	 to	 neoplasia	 (12%),	 demonstrated	 the	 safety	
and	appropriateness	of	growth	hormone	treatments	in	Europe.	

This	 high	 volume	 project	 confirm	 again:	 The	 effect	 of	 any	
pharmacological	therapy	in	children	on	longtime	cardiovascular	
mortality seems to be unpredictable in epidemiological studies! 
Our	own	publication	about	the	extra	effects	of	growth	hormone	
treatment on heart rate variability is under review. 

The	current	study	confirms	the	findings	from	studies	on	omega-
3-fatty	 acid	 supplementation	 that	 seem	 to	 "breaking	 the	 link	
between	impaired	fetal	growth	and	adult	cardiovascular	disease"	
[10,14]. The 24 hour HRV analysis seems to improve cardiovascular 
risk	 stratification	 in	 childhood	 and	 reveals	 significant	 effects	 in	
small	patient	groups	and	in	single	patients.	 	Other	groups	have	
investigated	 metabolism	 in	 children	 with	 intrauterine	 growth	
retardation	 for	 risk	 stratification	 with	 contradicting	 results.	 In	
the	current	study,	no	patients	suffered	from	diabetes	or	obesity.	
An	important	consideration is that Barker et al., (1989) found an 
association	 only	 between	 low	 birth	weight	 and	 ischemic	 heart	
disease and not with diabetes and obesity [1]. It is an obstacle 
of	the	current	scientific	debate	of	Barker's	fetal	origin	hypothesis	
to	measure	metabolic	parameters	with	indirect	or	questionable	
impact on cardiovascular prognosis.

In conclusion, our study demonstrated the improvement of 
HRV	after	omega-3	 fatty	acid	supplementation	 in	children	with	
intrauterine	 growth	 retardation	 and	with	 short	 stature	 due	 to	
growth	 hormone	 deficiency,	 congenital	 syndromes	 and	 heart	
defects.	Thus,	we	propose	omega-3	fatty	acid	supplementation	
in	 children	 with	 short	 stature	 who	 have	 significantly	 reduced	
24 hours heart rate variability in order to improve heart rate 
variability	 and	 probably	 cardiovascular	 risk	 Future	 prospective	
studies	will	be	necessary	to	find	the	optimal	dose,	composition	
and	duration	of	omega-3	fatty	acid	supplementation.

Limitations
While the results from this study provide strong evidence to 
support	omega-3	fatty	acid	supplementation	in	children	with	short	
stature,	it	is	not	without	limitations.	The	sample	size	is	relatively	
small	 and	 is	 not	 necessarily	 representative	 of	 all	 underlying	
causes	of	short	stature	in	children.	Thus,	the	positive	effects	of	
omega-3	 fatty	 acid	 supplementation	may	 not	 be	 replicated	 in	
children	with	unrepresented	origins	of	 short	 stature.	A	sub-set	
of	our	patients	were	also	undergoing	growth	hormone	therapy	
which	may	have	influenced	the	outcomes	of	the	study.	However,	
we	did	 not	 find	 any	 evidence	 to	 support	 this.	 	 The	 exact	 dose	
of	 omega-3	 fatty	 acids	 given	 to	 patients	 in	 our	 study	was	 also	
variable	due	to	logistical	reasons.	This	may	have	had	an	impact	
on	our	findings,	but	we	believe	that	as	long	as	a	minimal	required	
dose	is	supplemented	the	overall	positive	results	should	not	be	
affected.
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