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Calcidiol serum levels and blood pressure responses in normotensive patients with dietary goat milk
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Abstract
Background: Calcidiol	(25-hydroxyvitamin	D	or	25(OH)	D)	is	the	active	form	of	vitamin	D	
that	can	be	measured	in	the	blood.	Vitamin	D	functions	as	a	regulator	of	blood	pressure	and	
a	 vitamin	D	 deficiency	 is	 associated	with	 an	 increased	 risk	 of	 hypertension.	Goat’s	milk	 is	
thought	to	have	anti	hypertensive	effect.	That	is	likely	due	to	the	amount	of	vitamin	D	found	
in	goat’s	milk,	but	requires	further	investigation.	This	research	was	conducted	to	analyze	the	
effect	of	consuming	goat’s	milk	on	blood	pressure	and	its	relationship	with	calcidiol	serum	in	
normotensive	patients.	Materials and Methods: The	design	of	this	research	was	experimental	
laboratory	with	 randomized	pretest-posttest	with	a	control	group	using	18	sedentary	women	
aged	18-19	years.	 	The	 treatment	was	250	ml/day	of	goat’s	milk	given	 in	 the	morning	after	
breakfast	 for	110	days.	The	data	were	analyzed	by	 the	 statistical	 t-test	 (p<0.05).	Results: A 
significant	decrease	of	systolic	blood	pressure	(p=0.00)	and	no	significant	decrease	of	diastolic	
blood	pressure	 (p=0.51)	were	observed	 in	 the	 trial	 group.	Levels	of	 calcidiol	 serum	did	not	
increase	significantly	(p=0.06)	after	consuming	goat’s	milk	in	the	trial	group.	Conclusion: It 
can	be	 concluded	 that	 goat’s	milk	 can	 decrease	 blood	 pressure	 but	 does	 not	 affect	 calcidiol	
serum	in	normotensive	patients.	Further	research	is	needed	to	determine	the	effect	of	goat’s	milk	
on	blood	pressure	in	hypertensive	patients.
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Headlines
Consuming	 goat	 milk	 regularly	 can	 lower	 blood	
pressure	 but	 the	 decrease	 of	 blood	 pressure	 does	
not occur through increased secretion of serum 
25-hydroxyvitamin	D.	Goat’s	milk	has	the	potential	
to	 be	 developed	 as	 an	 antihypertensive	 agent,	
but	 further	 research	 is	 required	 to	 determine	 the	
mechanism	 of	 action	 of	 goat’s	 milk	 in	 controlling	
blood	pressure	and	as	an	antihypertensive	agent.
Introduction
Currently,	numerous	studies	explain	 that	vitamin	D	
plays	a	role	in	regulating	blood	pressure.1,2 Vitamin D 
or	Cholecalciferol	has	many	physiological	functions,	
including:	 	as	a	blood	pressure	regulatory,	estrogen	
biosynthesis,	 inflammation,	 regulator	 of	 calcium	
homeostasis	and	 rennin–angiotensin	system	(RAS),	
and regulating the activity of vascular muscles.1,2 
Vitamin	 D	 directly	 regulates	 blood	 pressure.1,2 
Vitamin	 D	 deficiency	 is	 associated	 with	 higher	
predisposition	and	risk	of	various	diseases,	including:	

osteoporosis,	 cardiovascular	 disease	 (CVD),	 and	
hypertension.	Calcidiol	levels	are	a	biomarker	of	the	
state of vitamin D in the body.3

Several	studies	have	shown	that	 there	 is	an	 inverse	
relationship	 between	 levels	 of	 calcidiol	 serum	
and	blood	pressure,	with	 reports	 that	 low	 levels	 of	
calcidiol	increase	blood	pressure	and	is	a	predictable	
cause	 of	 hypertension.1.2,3	 Supplementation	 of	
vitamin	D	 in	 controlling	blood	pressure	 in	patients	
with	 hypertension	 has	 been	 studied.1.2	 However,	
further	 studies	 must	 address	 how	 the	 consumption	
of	 goat’s	 milk	 can	 lower	 blood	 pressure	 and	 if	 it	
stimulates the secretion of calcidiol.
The	main	source	of	vitamin	D	is	from	exposure	to	the	
sun	while	 smaller	 amounts	of	vitamin	D	are	 found	
in	foods	such	as	goat’s	milk.4-6		Goat’s	milk	contains	
vitamins A, B, C, D and E.4-6	Consuming	goat’s	milk	
regularly	could	be	expected	to	lower	blood	pressure,	
and	it	is	believed	to	be	useful	as	an	antihypertensive.	
However,	the	influence	of	the	consumption	of	goat’s	
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milk	 in	 controlling	 blood	 pressure	 is	 still	 unclear.	
Goat’s	 milk	 can	 also	 stimulate	 increased	 serum	
25-hydoxyvitamin	 D,	 but	 still	 needs	 further	 study.	
The	purpose	of	this	study	was	to	analyze	the	effect	of	
regular	consumption	of	goat’s	milk	on	blood	pressure	
and	 its	 relationship	 with	 calcidiol	 serum	 levels	 in	
normotensive	patients.
Materials and Methods
This	 study	was	 an	 experimental	 laboratory	 using	 a	
randomized	pretest-posttest	with	a	control	group.	The	
sample	 included	 18	 sedentary	 women	 aged	 18-19	
years.		Criteria	for	the	research	subjects	are:	female,	
healthy,	 completely	 follow	 the	 research	 procedures,	
not	 to	 consume	 foods	 and	 supplements	 (other	 than	
goat’s	milk),	 and	 normal	 blood	 pressure	 (according	
to	criteria	of	JNC-8).	Subjects	were	divided	into	two	
groups,	namely:	 (1)	control	group	 (not	given	goat’s	
milk)	and	(2)	trial	group	(given	goat’s	milk).	Selection	
of	subject	research	was	conducted	by	simple	random	
sampling.	The	trial	was	fresh	goat’s	milk,	250	ml/day,	
given	in	the	morning	after	breakfast,	for	110	days.	
Examination	 of	 serum	 25-hydroxyvitamin	 D	
levels	 was	 conducted	 using	 Chemiluminescense	
Immunoassays	 (CLIA).	 Systolic	 and	 diastolic	
blood	 pressure	 were	 measured	 using	 mercury	
sphygmomanometer	 with	 the	 auscultator	 method.	
The	 examination	 of	 blood	 pressure	 and	 calcidiol	
serumlevels	were	before	and	after	the	trial.	The	data	
were	analyzed	by	the	test	of	homogeneity	of	variance	
of	 Levine’s	 test	 (p<0.05),	 the	 test	 of	 normality	 of	
Kolmogorov-Smirnov	(p<0.05)	and	a	statistical	t-test	

(p<0.05).		
This	research	has	received	approval	from	the	Ethics	
Committee	 for	 Medical	 and	 Health	 Research,	
Faculty of Medicine, Syiah Kuala University, Banda 
Aceh, Aceh-Indonesia, based on the letter number: 
304/KE/FK/2015.	All	 of	 the	 study	 subjects	 had	 to	
provide	 written	 permission	 before	 the	 examination	
and treatment.
Results 
Table	1	shows	that	the	characteristics	of	the	research	
subjects	 such	 as:	 age	 (years),	 weight	 (kg),	 height	
(cm2),	 and	 body	 mass	 index	 (BMI=kg/m2).	 The	
characteristics	 across	 the	 trial	 and	 control	 groups	
were	not	significantly	different	(p>0.05).
Table 1. Physiologic	and	anthropometric	features	of	
subjects

Trial group Control group
Mean±SD Mean±SD

Age	(years) 18.77±0.44 18.66±0.50
Weight	(kg) 51.77±8.60 47.72±3.91
Height	(cm2) 154.33±2.69 153.56±2.12
BMI	(kg/m2) 21.80±3.98 20.25±1.77

In	 order	 to	 confirm	 homogeneity	 of	 variance,	 the	
Levine-test	 (p<0.05)	was	used	 and	 	 the	Kolmogorof-
Smirnov	(p<0.05)	test	was	used	to	determine	whether	
the	 data	were	 normally	 distributed.	Data	were	 found	
to	 be	 homogeneous	 and	 normally	 distributed.	 	 The	
average	changes	in	systolic	and	diastolic	blood	pressure	
and	calcidiol	serum	levels	in	all	the	subjects	before	and	
after	consuming	goat’s	milk	are	shown	in	table	2.

Table 2. Effect of goat’s milk supplementation on blood pressure and calcidiol serum levels in 
normotensive patients

Group Variable Before trial
Means±SD

After trial
Means±SD t-test p-value

Control Systolic	(mmHg) 112.22±9.71 110.00±8.66 -1.51 0.16

Diastolic	(mmHg) 75.55±5.27 80.00±0.00 2.53 0.03*

25-hydroxyvitamin	D	(ng/
mL)

14.38±3.35 13.52±2.88 0.90 0.39

Trial Systolic	(mmHg) 101.11±9.27 93.33±5.00 -3.5 0.00*

Diastolic	(mmHg) 70.00±7.07 67.78±9.71 -0.68 0.51

25-hydroxyvitamin	D	(ng/
mL)

13.56±2.75 14.27±2.25 2.17 0.06

Discussion:
Results	showed	that	consuming	goat’s	milk	regularly	
resulted	 in	 significantly	 (p=0.05)	 lower	 systolic	
blood	pressure	(7%	reduction).	Goat’s	milk	did	not	
significantly	reduce	(p=0.51)	diastolic	blood	pressure	

(3.17%	reduction).	The	regular	consumption	of	goat’s	
milk	did	not	significantly	increase	(p=0.06)	levels	of	
calcidiol	 serum	 (5%	 increase).	This	 study	 suggests	
that	the	decrease	in	blood	pressure	due	to	the	regular	
consumption	 of	 goat’s	 milk	 has	 no	 effect	 on	 the	
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levels	of	25-hydroxyvitamin	D	serum.	The	findings	
indicate	 that	 goat’s	milk	 can	 lead	 to	 a	 decrease	 in	
blood	pressure,	but	the	mechanism	of	action	of	goat’s	
milk	 in	 lowering	 blood	 pressure	 was	 not	 through	
an	 increase	 in	 the	 secretion	 of	 25-hydroxyvitamin	
D.	 That	 is	 likely	 due	 to	 several	 reasons,	 namely:	
(1)	the	dose	of	goat’s	milk	was	not	enough	to	raise	
levels of calcidiol serum, suggesting a need for the 
continuation of this research using a higher dosage of 
goat’s	milk,	(2)	This	study	uses	female	subjects	who	
wear	the	veil	so	that	exposure	to	the	sun	is	reduced,	
(3)	The	study	was	conducted	on	patients	with	normal	
blood	pressure,	so	it	is	necessary	to	do	a	comparison	
with	 hypertensive	 patients	 using	 variable	 doses	 of	
goat’s	milk,	(4)	This	research	is	being	continued	by	
using	goat’s	milk	with	varying	doses	and	methods	of	
research	are	different	by	measuring	several	hormones	
related	to	blood	pressure	control.
Goat’s	milk	may	 also	 lower	 blood	 pressure	 through	
other	 mechanisms.	 Some	 results	 of	 experimental	
studies	suggests	that	goat’s	milk	effects	the	control	of	
blood	 pressure	 and	 has	 the	 potential	 to	 prevent	 and	
treat	hypertension.4-8	Results	of	clinical	trials	showed	
that	 the	proteins	 in	goat’s	milk	have	 the	potential	 to	
improve	 some	 diseases,	 including:	 cardiovascular	
disease,	 hypertension,	 metabolic	 syndrome,	 and	 the	
incidence of many chronic diseases.6,8 Clinical trial 
results	also	showed	that	goat’s	milk	has	the	potential	
to	regulate	blood	pressure.7,8	Goat’s	milk	can	be	used	
as	an	anti-hypertensive.5-8	The	protein	content	of	goat	
milk	casein	is	allegedly	one	of	the	factors	that	affects	
the	role	of	goat’s	milk	as	an	anti-hypertensive.7 Goat’s 
milk	contains	two	kinds	of	proteins,	namely:	caseins	
and	whey	 proteins.7	 Casein	 hydrolysis	 of	 goat	milk	
effectively	lowers	blood	pressure	and	acts	as	a	therapy	
for	patients	with	hypertension.7 Both	of	these	proteins	
contain	lots	of	angiotensin-converting	enzyme	(ACE)	
inhibitor	peptides,	which	can	be	extracted	from	both	
the	 goat	 milk	 proteins.6,7	 	Goat’s	 milk	 is	 one	 of	 the	
main	sources	of	ACE	inhibitor	peptides.5,6,7

The	angiotensin-converting	enzyme	(ACE)	inhibitor	
is	in	the	first	line	drugs	used	for	the	management	of	
hypertension.9,10,11	ACE	inhibitors	work	by	inhibiting	
the	secretion	of	aldosterone	and	vasopressin,	and	not	
by	blocking	the	action	of	angiotensin	II	and	does	not	
interact	directly	with	other	components	of	the	renin	
angiotensin	aldosterone	system	(RAAS).9,12,13 RAAS 
is	a	 target	 to	control	blood	pressure	 in	people	with	
hypertension.12,13 RAAS is a hormone that is formed 
by	renin.	Angiotensinogen,	with	the	help	of	renin,	is	
hydrolyzed	to	angiotensin-I,	which,	with	the	support	

of ACE is hydrolyzed to angiotensin-II. Angiotensin 
II	 is	 a	 potent	 vasoconstrictor	 and	 associated	 with	
hypertension.12,13

Some	of	 the	 literature	 suggests	 that	 blood	pressure	
is	 also	 associated	with	 high	 levels	 of	 vitamin	D.14-

17	 Goat’s	 milk	 is	 a	 source	 of	 vitamin	 D	 derived	
from food.4-6	Vitamin	D	plays	 a	 role	 in	 controlling	
blood	 pressure	 through	 several	 channels,	 namely:	
controls	 the	 levels	 of	 calcium	 and	 phosphorus,	
suppress	 proliferation	 of	 vascular	 smooth	 muscle,	
inhibits	 the	 secretion	 of	 parathyroid	 hormone,	 and	
regulates RAAS.12,13 Vitamin D is a fat-soluble 
vitamin stored in fat tissue and the liver.1,16 Vitamin 
D	 has	 two	 types,	 namely:	 ergocalciferol	 (vitamin	
D2)	 and	 cholecalciferol	 (vitamin	 D3).1,16 Vitamin 
D	in	circulation	binds	to	vitamin	D-binding	protein	
to	 then	 be	 transported	 to	 the	 liver.	 In	 the	 liver,	
vitamin D is converted into calcidiol, also called 
25-hydroxyvitamin	 D	 or	 [25(OH)D].14-16 Calcidiol 
is the active form of vitamin D and it is most often 
found	 in	 the	blood.	Thus,	 so	 the	 levels	of	calcidiol	
will	describe	the	status	of	vitamin	D	in	the	body.2

Recent	research	has	found	that	low	levels	of	calcidiol	
are	 associated	 with	 increased	 blood	 pressure.19-25 
This	 is	presumably	because	of	 the	 role	of	calcidiol	
in regulating the function of RAAS.19-23 Other studies 
have	also	found	that	there	is	an	inverse	relationship	
between	levels	of	calcidiol	and	the	renin-angiotensin	
levels.26-29	Goat’s	milk	can	also	lower	blood	pressure	
through the stimulation of the secretion of Nitric 
Oxide	(NO).8 Results of in vitro studies have found 
that	 people	 who	 regularly	 consume	 goat’s	 milk	
will	 exhibit	 increased	 levels	 of	 NO	 released	 by	
endothelial	cells	of	blood	vessels.	NO	is	known	as	a	
potent	vasodilator	and	also	acts	as	a	cardioprotective	
and antiatherogenic agent.8

Conclusion:
It	 can	 be	 concluded	 that:	 consuming	 goat’s	 milk	
regularly	 has	 the	 potential	 to	 significantly	 reduce	
systolic	 blood	 pressure	 but	 not	 to	 significantly	
decrease	 diastolic	 blood	 pressure	 in	 normotensive	
patients.	 Regular	 consumption	 of	 goat’s	milk	 does	
not	 significantly	 increase	 calcidiol	 serum	 levels	
in	 normotensive	 patients.	 Consuming	 goat’s	 milk	
can	lower	blood	pressure	but	 the	decrease	of	blood	
pressure	does	not	occur	through	increased	secretion	
of	 calcidiol	 serum	 levels.	 Goat’s	 milk	 has	 the	
potential	to	be	developed	as	an	antihypertensive,	but	
requires	further	research	to	be	able	to	determine	its	
mechanism	 in	controlling	blood	pressure	and	as	an	
antihypertensive	agent.	
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