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Objective:	 The	 effect	 of	 lycopene	 (LycoRed)	 supplementation	 was	 evaluated	
in	 healthy	 postmenopausal	 women	 by	 biochemical	 markers	 for	 cardiovascular	
protection	 and	 osteoporosis	 protection.	 Study	 Settings	 and	 Design:	 This	 was	
a	 multi‑centric	 placebo‑controlled	 double‑blind	 randomized	 clinical	 trial	 that	
screened	 198	 postmenopausal	 women	 at	 21	 centers	 across	 12	 cities	 in	 India.	
Levels	 of	 lycopene,	 lipid	 profile,	 high‑risk	 C‑reactive	 protein,	 and	 bone	 turnover	
markers:	 amino‑terminal	 propeptide	 of	 Type	 I	 collagen	 (P1NP)	 and	 C‑terminal	
telopeptide	 of	Type	 I	 collagen	 (β‑CTx)	were	measured	 at	 baseline	 and	 6	months	
postsupplementation	 with	 LycoRed	 or	 placebo.	 Interventions:	 The	 study	 was	
completed	with	 57	 of	 the	 100	women	 on	 LycoRed	 8	mg	 (antioxidant	 potency	 is	
equivalent	to	24	mg	of	lycopene)	and	43	placebos	for	6	months	by	randomization.	
Main	Outcome	Measures:	Rise	 in	 serum	 lycopene	and	effect	of	 serum	 lycopene	
on	surrogate	markers	of	cardiovascular	health	and	bone	health.	Results:	LycoRed	
supplementation	 increases	 lycopene	 levels	 and	 P1NP	 and	 nonsignificant	 fall	
in	 β‑CTx	 levels	 in	 healthy	 postmenopausal	 women.	 Conclusions:	 Lycopene	
supplementation	 in	 Indian	 menopausal	 women	 may	 confer	 protection	 from	
osteoporosis	 as	 shown	 by	 the	 directional	 change	 in	 the	 surrogate	 biochemical	
markers.	 This	 study	 can	 form	 a	 basis	 for	 larger	 studies	 with	 different	 doses	 to	
understand	 the	 effect	 of	 lycopene	 to	 prevent	 and	 act	 as	 adjuvant	 treatment	 on	
clinical	endpoints	for	cardiovascular	disease	(CVD)	and	bone	health.

Keywords: Bone turnover markers, cardiovascular disease, lycopene, 
osteoporosis, postmenopause

Cardiovascular and Osteoporosis Protection at Menopause with 
Lycopene: A Placebo‑Controlled Double‑Blind Randomized Clinical 
Trial
Meeta Meeta, Sudhaa Sharma1, Jyothi Unni2, Sunila Khandelwal3, Ambuja Choranur4, Sonia Malik5

Access this article online
Quick Response Code:

Website: www.jmidlifehealth.org

DOI: 10.4103/jmh.jmh_61_22

Address for correspondence: Dr. Meeta Meeta, 
Tanvir Hospital, Hyderabad, Telangana, India. 

 E‑mail: drmeeta919@gmail.com

in	 both	 bone	 resorption	 and	 bone	 formation	markers	 and	
a	 net	 bone	 loss	 at	 the	 rate	 of	 1%–5%/year.[5]	Menopause	
is	 associated	 with	 a	 decrease	 in	 estrogen	 leading	 to	 a	
pro‑atherogenic	 state.	 There	 is	 increasing	 evidence	 that	
women	who	experience	menopause	 at	 an	 age	well	 before	
the	median	age	of	natural	menopause	are	at	increased	risk	
of	mortality	and	morbidity.[6]

The	 biomarkers	 of	 CVD,	 lipid	 profile,	 and	 high	 risk	
C‑Reactive	 Protein	 (hs‑CRP)	 test	 play	 an	 important	

Original Article

Introduction

India,	 with	 a	 population	 of	 1.2	 billion	 people,	
accounts	 for	 more	 than	 100	 million,	 over	 50	 years	

of	 age.[1]	 According	 to	 the	 latest	 World	 Health	
Organization	 (2018),[2]	 the	 life	 expectancy	 in	 India	 for	 a	
female	 is	 70.3	 years,	 expected	 to	 increase	 to	 77	 years	 by	
2050.	Noncommunicable	diseases	account	 for	60%	of	 the	
total	 deaths	 in	 India.	 From	 the	 available	 Indian	 data,	 it	 is	
hypothesized	 that	 the	early	age	of	menopause	predisposes	
a	woman	to	chronic	health	disorders	a	decade	earlier	 than	
a	 Caucasian	 woman.[3]	 It	 is	 reported	 that	 osteoporotic	
fractures	 and	 cardiovascular	 disease	 (CVD)	 occur	 10–
20	years	earlier	in	Indians	compared	to	Caucasians.[4]	There	
is	an	enhanced	bone	turnover	as	suggested	by	the	increase	
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role	 in	 predicting	 risk	 over	 years.	 Bone	 turnover	
markers	 (BTMs)	 indicate	 the	 rate	 of	 bone	 turnover	 and	
are	 used	 for	 monitoring	 osteoporosis	 treatment	 and	
compliance.	 Combinations	 of	 demographic	 and	 BTM	
predict	some	30	±	40%	of	the	variance	in	bone	loss	rates	
in	untreated	postmenopausal	women.[7]	The	 international	
osteoporosis	 foundation	 and	 the	 international	 federation	
of	 clinical	 chemistry	 in	2010	chose	PINP	and	β‑CTx	as	
preferred	 biomarkers	 in	 osteoporosis.[8]	 Aging,	 together	
with	 reduced	 concentrations	 of	 estrogen	 results	 in	
increased	oxidative	stress	at	menopause	transition.[9]

Phytochemicals	 present	 in	 fruits	 and	 vegetables	 play	 a	
major	 role	 in	 noncommunicable	 disease	 management	
and	 serum	 carotenoids	 are	 used	 as	 biomarkers	 for	 fruit	
and	 vegetable	 consumption.[10‑13]	 Lycopene	 is	 the	 most	
predominant	 carotenoid	 in	 human	 plasma	 with	 a	 high	
antioxidant	property.	Studies	have	shown	lycopene	to	be	
thrice	as	potent	as	β‑carotene	and	ten	 times	as	potent	as	
α‑tocopherol	 concerning	 its	 singlet	 oxygen	 quenching	
ability.[14]	The	National	Family	Health	Survey‑3	India,[15]	
from	 the	 self‑reported	 data	 on	 fruit	 and	 vegetable	
consumption,	 showed	 that	 half	 of	 the	 population	 in	
its	 survey	 consumed	 zero	 or	 only	 1	 serving	 of	 fruit	 in	
a	 week	 versus	 the	 advocated	 requirement	 of	 one	 cup	
or	 hundred	 grams	 of	 fruit	 and	 three	 hundred	 grams	
vegetable	per	day.[16]

Increased	 oxidative	 stress	 in	 menopausal	 women	
plays	 an	 important	 role	 in	 atherosclerosis	 as	 oxidative	
modification	 of	 LDL	 by	 the	 free	 radicals	 enhances	
their	 atherogenicity.	 Lycopene	 inhibits	 the	 formation	
of	 osteoclasts	 and	 associated	 bone	 resorption	 and	 it	
stimulates	proliferation	and	differentiation	of	osteoblasts	
by	 its	 antioxidant	 and	 biological	 activities,	 interacting	
synergistically	 with	 vitamin	 D	 on	 cell	 proliferation,	
differentiation,	and	cell	cycle	progression.[17]

Preclinical,	 epidemiological,	 and	 clinical	 studies	 have	
shown	 the	 role	 of	 lycopene	 as	 a	 strong	 antioxidant	
for	 the	 prevention	 of	 a	 variety	 of	 cancers	 and	 chronic	
diseases.[18,19]	 The	 rationale	 of	 this	 double‑blind	
randomized	 controlled	 trial	 (RCT)	 was	 planned	 to	
look	 at	 the	 effects	 of	 lycopene	 supplementation	 on	
surrogate	 markers	 of	 CVD	 and	 bone	 health	 in	 healthy	
Indian	 women	 menopause.	 Based	 on	 dietary	 and	
supplementation	studies	on	lycopene,	the	hypothesis	was	
that	LycoRed	supplementation	will	significantly	improve	
the	 levels	 of	 serum	 lycopene	with	 a	 beneficial	 effect	 on	
CV	and	osteoporosis	risk.

Methods
Participants and enrolment
The	 study	 design	 is	 an	 interventional	 parallel‑group	
double‑blind	superiority	RCT	(phase	IV).

This	 multicentric	 study	 screened	 198	 women	 and	
recruited	 176	 postmenopausal	 women	 at	 21	 centers	
across	 12	 cities	 in	 India.	 The	 enrolment	 period	 was	
12	 weeks	 after	 confirming	 eligibility	 and	 obtaining	
informed	 consent.	 The	 inclusion	 criteria	 for	 the	 study	
were	 women	 between	 40	 and	 55	 years	 of	 age	 with	
natural	menopause	characterized	by	cessation	of	menses	
more	than	1	year,	or	in	case	of	surgical	menopause	with	
follicle‑stimulating	hormone	level	≥30	U/L.	Women	with	
a	history	of	smoking,	and	chronic	medical	disorders	like	
diabetes,	 hypertension	 or	 heart	 disease,	 dyslipidemia,	
thyroid	 dysfunction	 were	 ineligible	 to	 participate	 in	
the	 study.	Women	 taking	 lipid‑lowering	 agents,	 therapy	
for	 osteoporosis,	 antioxidants,	 supplements,	 or	 those	
who	 had	 used	 hormone	 replacement	 therapy	 in	 the	 past	
6	months	were	also	excluded	from	the	study.

The	 mean	 age	 of	 the	 enrolled	 women	 was	 49.8	 years.	
A	 detailed	 history	 with	 a	 special	 emphasis	 on	
dietary	 habits,	 clinical	 examination,	 and	 baseline	
investigations	 (complete	 hemogram	 and	 fasting	 blood	
glucose)	 were	 performed	 to	 exclude	 significant	medical	
illness.	The	menopausal	symptoms	and	the	severity	were	
recorded	using	the	menopause	rating	scale.[20]

An	overnight	fasting	blood	sample	was	drawn	to	do	a	lipid	
profile	 including	 total	 cholesterol	 (Chol),	 high‑density	
lipoproteins	(HDL),	low‑density	lipoproteins	(LDL),	very	
LDL,	 and	 triglycerides	 (TG),	 lycopene,	 hsCRP,	 P1NP,	β	
CTx‑1	 for	 176	 women.	 These	 tests	 were	 repeated	 after	
6	months	 for	 the	 100	women	who	 completed	 the	 study.	
Blood	 lycopene	was	 extracted	 by	 using	 absolute	 alcohol	
and	 petroleum	 ether	 and	 analyzed	 by	 high‑performance	
liquid	 chromatography.	 Lycopene	 level	 was	 measured	
as	 a	 single	 peak	 containing	 all	 trans‑and	 cis‑isomers	
using	 an	 absolute	 detector	 set	 at	 472	 nm.	 An	 external	
standard	 of	 lycopene	 (Sigma	 Chemical	 Co.)	 was	 used	
as	a	 reference	standard.	Total	 lipid	profiles,	hsCRP,	were	
analyzed	 using	 commercially	 available	 ELISA	 kits	 as	
per	 the	 manufacturers’	 protocol.	 P1NP	 and	 β‑CTx‑1was	
done	 with	 CLIA‑COBAS	 411.	 The	 reference	 range	 for	
postmenopausal	women	for	β‑CTx‑1	is	0.010–1.01	ng/ml	
and	 for	 P1NP	 is	 16.27–73.87	 ng/ml.	 The	 samples	 were	
processed	at	a	centralized	Super	Religare	Laboratories	in	
Mumbai,	India.

Standard protocol approvals, registrations, and 
patient consents
The	 study	 was	 registered	 with	 the	 Clinical	 Trials	
Registry	 of	 India	 (CTRI/2010/091/000089)	 and	 Ethical	
Committee	 clearance	 for	 the	 study	 was	 taken	 from	
Independent	 Ethical	 Committee,	 Hyderabad.	 A	 patient	
information	sheet	was	handed	over	and	Counselling	was	
done.	 The	 participant’s	 informed	 written	 consent	 to	 be	
a	 part	 of	 the	 trial	 was	 taken	 in	 their	 local	 language.	
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To	 ensure	 compliance	 and	 a	 low	 dropout	 rate,	 the	
investigators	 were	 advised	 to	 enroll	 relatives,	 friends,	
and	patients	known	to	them	and	maybe	trusted	to	follow	
the	trial	as	required.

Sample size
The	impact	of	lycopene	supplementation	on	P1NP	levels	
was	considered	as	the	main	outcome	measure	for	sample	
size	calculation.	In	the	absence	of	reliable	data	regarding	
improvement	 in	 P1NP	 levels,	 a	 moderate	 effect	 size	
of	 0.6	 was	 assumed.	With	 this	 effect	 size,	 a	 sample	 of	
44	 per	 group	 was	 required	 to	 achieve	 a	 power	 of	 80%	
allowing	for	a	5%	Type	I	error.	Considering	20%	lost	to	
follow‑up,	the	sample	size	was	inflated	to	105	(±5).

Randomization
The	 randomization	 schedule	 was	 determined	 by	 the	
bio‑statistician,	 using	 blocks	 of	 unequal	 length	 with	
an	 allocation	 of	 1:1	 in	 each	 arm.	 The	 randomization	
schedule	 was	 maintained	 at	 the	 study	 central	 office.	
Each	 center	 was	 given	 the	 drug	 (verum/placebo)	 in	
three	 box	 cartons	 containing	 24	 strips	 (each	 strip	 had	
10	soft	gels).	The	investigator	at	the	participating	center	
would	 contact	 the	 study	 central	 office	 in	 case	 of	 any	
adverse	 effects	 noticed	 to	 decode	 the	drug	 (through	 the	
bio‑statistician).

The	 intervention	 and	 the	 control	 arm:	 Each	 soft	 gel	
of	 LycoRed	 has	 2	 mg	 as	 lycopene	 along	 with	 the	
associated	phytonutrients	 suspended	 in	 tomato	oleoresin	
oil.	 In	 addition,	 it	 contains	 7.5	 mg	 of	 zinc	 and	 35	 µg	
of	 selenium.	 A	 similar‑looking	 identical	 placebo	 with	
7.5	mg	of	zinc	and	35	µg	of	selenium	without	the	active	
ingredient.	 LycoRed	 in	 the	 dosage	 of	 two	 capsules	
of	 2	 mg	 each	 were	 given	 twice	 daily	 after	 meals,	 i.e.,	
8	mg/day	(antioxidant	potency	is	equivalent	to	24	mg	of	
lycopene)	or	 an	 identical	placebo	given	as	 two	capsules	
for	 6	months	 by	 randomization.	No	 diet	 restriction	was	
advised	 to	 the	 women.	 A	 CONSORT	 flow	 diagram	 is	
shown	in	Figure	1.

Main outcome measures
The	 primary	 outcomes	 measured	 were	 change	
in	 serum	 lycopene	 levels,	 HDL,	 LDL,	 TG,	
P1NP,	 β‑CTx	 (difference	 between	 baseline	 and	
postsupplementation	 values)	 before	 and	 after	
supplementation.

Statistical analysis
The	 categorical	 data	 were	 represented	 in	 the	 form	 of	
frequencies	 and	 proportions.	 Continuous	 data	 were	
represented	 as	 mean	 and	 standard	 deviation	 (SD).	
Student’s	 t‑test	 was	 used	 for	 quantitative	 data	 to	 test	
the	 significance	 between	 the	 two	 groups.	All	 the	 charts	
were	 created	 on	 MS	 Office.	 Data	 were	 analyzed	 at	 an	
aggregate	level	through	Python.

Results
A	 total	 of	 198	 women	 were	 assessed	 for	 eligibility,	
where	 22	were	 excluded	pertaining	 to	 the	 criteria.	The	
remaining	 176	 women	 were	 screened	 out	 of	 which	
40	 did	 not	 meet	 the	 set	 criteria	 and	 28	 declined	 to	
participate.	 Finally,	 108	 women	 were	 divided	 into	
the	 study	 group	 (60)	 and	 the	 placebo	 group	 (48).	
Three	 participants	 from	 the	 study	 group	 and	 five	 from	
the	 control	 group	 were	 lost	 to	 follow‑up.	 Analysis	
was	 performed	 on	 57	 in	 the	 study	 group	 and	 43	
women	 in	 the	 placebo	 group	 for	 cardiac	 and	 bone	
markers	[Figure	1].

Demographics	 of	 the	 participants	 are	 stated	 in	 Table	 1.	
Baseline	 levels	 of	 serum	 lycopene,	 cardiac	 and	 bone	
markers	 are	 given	 in	 Table	 2.	 Based	 on	 the	 tables,	
baseline	profiles	of	participants	were	similar.

After	6	months	of	lycopene	supplementation,	improvement	
in	 blood	 lycopene	 levels	 was	 significantly	 higher	 in	 the	
study	group	as	 compared	 to	 the	placebo	 (mean	71.0	 [SD	
217.16]	improvement	in	LycoRed	versus	mean	‒94.1	(SD	
195.8)	deterioration	in	placebo, P =	0.003]	[Figure	2].

Table 1. Demographics
Overall Study Group Placebo

Age	(years),		
mean	(SD)

49.8	(4.0) 49.8	(3.9) 49.7	(4.2)

Occupation:	n(%)
House	Wife 53	(53%) 33	(58%) 20	(47%)
Working 47	(47%) 24	(42%) 23	(53%)
Residence:	n(%)
Urban 93	(93%) 52	(91%) 41	(95%)
Rural 7	(7%) 5	(9%) 2	(5%)
Diet:	n(%)
Vegetarian 55	(55%) 34	(60%) 21	(49%)
Non‑Vegetarian 39	(39%) 21	(37%) 18	(42%)
SD:	Standard	deviation

Table 2: Baseline levels ‑ Cardiac and Bone markers 
(pre‑supplementation)

Averages (95% CI) Study Group Placebo
Lycopene	(ng/mL) 191.7	(140	to	243) 212.5	(147	to	278)
Cardiac Markers
HDL(mg/dL) 48.0	(45	to	51) 49.4	(46.5	to	52.3)
LDL(mg/dL) 123.7	(117	to	131) 121.7	(113	to	130)
Triglycerides(mg/dL) 124.1	(107	to	141) 121.5	(101	to	142)
hs‑CRP(mg/L) 3.3	(2.6	to	4.1) 4.4	(2.1	to	6.7)
Bone Markers
CTx‑1	(ng/mL) 0.5	(0.3	to	0.7) 0.3	(0.3	to	0.4)
P1NP	(ng/mL) 70.3	(62.2	to	78.4) 50.5	(	45.6	to	55.4)
HDL:	High‑density	 lipoproteins,	LDL:	Low‑density	 lipoproteins,	
hs‑CRP:	High‑risk	C	reactive	protein,	CTx:	C‑terminal	telopeptide	
of	type	1	collagen,	CI:	Confidence	interval,	P1NP:	Procollagen	type	
I	N	propeptide
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Further	 evaluation	 has	 been	 done	 on	 lycopene	
supplementation	 on	 cardiac	 markers.	 The	 change	 in	
HDL	 in	 6	 months	 was	 ‒0.75	 mg/dL	 (SD	 9.5)	 in	 the	
study	 group	 and	 ‒0.30	 mg/dL	 (SD	 6.7)	 in	 the	 placebo	
group.	 LDL	 average	 differences	 in	 the	 study	 group	
were	 3.75	 mg/dL	 (SD	 32.2)	 and	 placebo	 group	 were	
2.84	 mg/dL	 (SD	 22.1).	 No	 statistical	 significance	
was	 noted	 between	 the	 study	 group	 and	 placebo	
group	 on	 change	 in	 HDL	 and	 LDL	 (Baseline	 and	
post	 supplementation)	 [Figure	 3].	 The	 change	 in	 TG	
was	 28.42	 mg/dL	 (SD	 79.0)	 in	 the	 study	 group	 and	
‒3.49	 mg/dL	 (SD	 65.5)	 in	 the	 placebo	 group.	 This	
difference	was	significantly	higher	(P	<	0.05)	in	the	study	
group	as	compared	to	the	placebo	group	[Figure	3].

The	improvement	in	hs‑CRP	of	the	study	group	was	not	
significant	 compared	 to	 the	 placebo	 group,	 the	 change	
in	 values	 over	 6	 months	 were	 ‒0.73	 mg/L	 (SD	 2.3)	 in	
the	study	group	and	‒0.51	mg/L	(SD	7.3)	in	the	placebo	
group	 [Figure	 3].	 Within	 the	 study	 group,	 there	 was	 a	
significant	 decrease	 in	 hs‑CRP	 postsupplementation,	
which	was	not	significant	in	the	placebo	group.

The	 change	 in	 β‑CTx‑1	 over	 the	 6	 months	 was	
‒0.13	ng/mL	(SD	0.7)	 in	 the	 study	group	and	‒0.04	ng/
mL	 (SD	 0.1)	 in	 the	 placebo	 group,	 the	 difference	
being	 not	 statistically	 significant	 (study	 group	 versus	
placebo	 group).	 The	 improvement	 in	 the	 study	 group	

was	 significant	 (P	 <	 0.1)	 as	 compared	 to	 the	 placebo	
group	 in	 P1NP,	 the	 change	 in	 values	 over	 6	 months	
were	 ‒9.70	 ng/mL	 (SD	 25.0)	 in	 the	 study	 group	 and	
‒2.96	ng/mL	(SD	10.2)	 in	 the	placebo	group	[Figure	4].	
Changes	 in	BTM	greater	 than	 about	 20%	 for	 PINP	 and	
about	25%	to	30%	for	CTX	were	significant	and	greater	
than	 least	 significant	 change	 LSC.	 Change	 in	 bone	
markers	 over	 the	 6	months	 using	 the	 LSC,	 a	 difference	
noted	 in	 the	 study	 group	 versus	 the	 placebo	 group.	
About	 46%	 of	 the	 women	 in	 the	 study	 group	 had	 a	
drop	 less	 than	 the	 LSC	 in	 β‑CTx	 as	 compared	 to	 33%	
in	 the	 placebo	 group.	While	 37%	 of	 the	 women	 in	 the	
study	 group	 had	 a	 drop	 less	 than	 the	 LSC	 in	 P1NP	 as	
compared	to	23%	in	the	placebo	group.	The	average	LSC	
percentage	for	both	the	bone	markers	showed	a	negative	
correlation	with	supplementation	of	LycoRed	[Figure	5].

Discussion
In	the	present	study,	serum	lycopene	levels	have	increased	
significantly	 after	 LycoRed	 supplementation	 [Figure	 2].	
There	 was	 also	 a	 significant	 drop	 in	 blood	 lycopene	
levels	in	the	placebo	group.	This	can	be	attributed	to	the	
dietary	 habits	 of	 the	 respective	 individuals.	 In	 addition,	
an	 individual’s	 response	 to	 lycopene	 varies	 and	 it	 has	
been	 shown	 that	 a	 weak	 response	 to	 dietary	 lycopene	
is	 based	 on	 the	 presence	 of	 other	 single	 nucleotide	
Polymorphisms	in	the	BCO1	gene.[21]

Figure 1:	CONSORT	flowchart	of	the	progress	through	the	phases	of	a	randomized	trial
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Serum	 cholesterol	 and	 oxidative	 stress	 levels	 are	
important	 risk	 factors	 for	 CVD.[22]	 The	 lycopene	 levels	
naturally	 decrease	 with	 age	 at	 menopause	 unless	
supplemented	by	diet.	Lycopene	 is	believed	 to	act	as	an	
anti‑inflammatory	 agent	 and	 mediate	 its	 action	 through	
cytokines	 and	 transcription	 factors	 and	 thus	 decrease	
hs‑CRP	 levels.[23]	 Lycopene	 blocks	 gene	 expression	 of	
pro‑inflammatory	 genes	 IL‑6,	 Il‑1	 β,	 and	 MCP1‑1	 by	
blocking	 the	NF‑kB	signalling.[24]	A	negative	correlation	
has	been	observed	between	hs‑CRP	and	 lycopene	 levels	
in	 the	 blood	 of	 menopausal	 women.	 The	 results	 were	
concurrent	 with	 the	 study	 conducted	 by	 Kim	 et	 al.,[25]	
i.e.,	 after	 15	 mg/day	 lycopene	 supplementation,	 for	
8	weeks,	 reported	 a	 decrease	 of	 systolic	 blood	 pressure	
and	 high	 sensitivity	 CRP.	 LycoRed	 supplementation	 for	
6	months	 increases	 lycopene	and	 reduces	hs‑CRP	 levels	
significantly	 thereby	 providing	 a	 protective	 shield	 to	
menopausal	women	from	cardiovascular	 risk	 [Figure	3].	
A	 systematic	 review	 compiled	 data	 from	 RCTs	 and	
further	 performed	 a	 meta‑analysis,	 finding	 that	 overall	
carotenoid	 supplementation	 significantly	 reduced	 CRP	
and	IL‑6	levels.[26]	Another	study	by	Chauhan	AP	et	al.[27]	
found	 a	 significant	 effect	 of	 lycopene	 intervention	 on	
the	 levels	of	CRP.	A	pilot	 study	 in	heart	 failure	patients	
showed	 that	 lycopene	 intervention	 decreased	CRP	 level	
significantly	in	women	but	not	in	men.[28]

HDL	 is	 a	 scavenger	 of	 LDL	 and	 its	 increase	 positively	
correlates	with	 decreased	CVD	 risk.	 In	 our	 study,	 there	
is	no	significant	change	in	HDL	or	LDL	in	both	LycoRed	
and	 placebo	 groups	 [Figure	 3].	 There	 was	 a	 significant	
increase	 in	 TG	 levels	 in	 the	 LycoRed	 group	 and	 no	
change	was	 noted	 in	 the	 placebo	 group	 [Figure	 3].	Our	
study	 was	 concurrent	 with	 the	 Petyaev	 IM	 et	 al.	 study	

in	 which	 supplementation	 with	 two	 kinds	 of	 lycopene	
did	 not	 significantly	 affect	 parameters	 of	 LDL	 and	
HDL.[29]	 A	 meta‑analysis	 by	 Ried	 and	 Fakler	 showed	
that	 lycopene	 is	 effective	 in	 reducing	 total	 cholesterol	
and	 LDL	 cholesterol	 in	 serum	 if	 taken	 in	 doses	 higher	
than	 25	 mg	 daily.[30]	 Petyaev	 et	 al.	 conducted	 a	 study	
on	 patients	 aged	 45–73	 years	 which	 showed	 lowered	
LDL	 levels	 after	 supplementation	 with	 lycopene.[29]	 TG	
have	 shown	 a	 significant	 rise	 which	 was	 similar	 to	 the	
study	conducted	by	Renu	Misra	et	al.,[31]	which	 showed	
an	 increase	 in	 HDL	 and	 TG.	 An	 increase	 in	 the	 TG	
levels	can	also	be	attributed	to	the	genetic	predisposition	
and	 relative	 increase	 of	 the	 abdominal	 fat	 amount	 and	
insulin	 resistance	 during	 menopause.[32,33]	 Perhaps	 the	
dose,	duration	of	supplementation	and	baseline	lycopene	
levels	may	show	beneficial	effects.

Low	 levels	 of	 serum	 lycopene	 have	 been	 reported	 in	
postmenopausal	 women	 with	 osteoporosis	 as	 compared	
to	 the	 healthier	 ones.[34]	 The	 β‑CTx	 levels	 showed	 no	
significant	 change	 in	 both	 the	 groups	 and	 a	 statistically	
significant	 drop	 in	 P1NP	 levels	 post	 Lycopene	
supplementation	 [Figure	 4].	 The	 trend	 towards	 bone	

Figure 2:	Impact	of	lycopene	supplementation	on	serum	lycopene	levels

Figure 3:	Impact	of	lycopene	supplementation	on	cardiac	markers

Figure 4:	Impact	of	lycopene	supplementation	on	Bone	markers

Figure 5:	Least	Significant	Change	(LSC)	in	bone	markers	post	lycopene	
supplementation	
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protection	 is	 indicated	 by	 an	 average	 drop	 in	 the	 LSC	
in	β‑CTx	by	46%	in	 the	women	on	 the	LycoRed	versus	
33%	on	the	placebo	and	37%	of	the	women	on	LycoRed	
had	 a	 drop	 less	 than	 the	 LSC	 in	 P1NP	 as	 compared	 to	
23%	 in	 the	 placebo.	 The	 differential	 response	 as	 seen	
in	 Figure	 5	 depicts	 the	 individualized	 response	 and	
reflects	 the	nonresponders	depending	on	 the	genetic	and	
environmental	 factors.	 A	 study	 conducted	 by	 Ardawi	
MS	 et	 al.,[35]	 concluded	 that	 an	 increase	 in	 dietary	
intake	 of	 lycopene	 showed	 higher	 serum	 lycopene	 and	
has	 positive	 effects	 on	 bone	 health,	 increases	 in	 bone	
formation	 (P1NP)	 by	 13.0%–32.1%;	 and	 decreases	 in	
bone	 resorption	 (β‑CTx‑1)	 by	 22.8–27.5%.	 Similarly,	
another	 study	 done	 in	 the	 University	 of	 Aberdeen,	
Scotland	 showed	 that	 the	 benefits	 of	 lycopene	 may	
accrue	over	 the	 lifespan,	but	 short‑term	benefits	are	 less	
likely	 to	 arise	 other	 than	 in	 populations	with	 high	 bone	
turnover	 (for	 example,	 in	 menopausal	 women)	 where	
there	 is	 greater	 potential	 to	 see	 measurable	 benefits.	 In	
contrast	to	the	above	studies,	a	pilot	conducted	by	Russo	
C	 et	 al.,[36]	 showed	 no	 significant	 change	 in	 the	 CTX	
levels	 postsupplementation	 with	 lycopene‑derived	 food	
items.

Strengths and limitations of the study
This	 paper	 is	 the	 first	 clinical	 double‑blind	
placebo‑controlled	 RCT	 with	 the	 use	 of	 validated	
markers	 of	 bone	 health.	 The	 strength	 of	 this	 clinical	
study	 comes	 from	 fairly	 good	 internal	 validity	 and	 to	
an	 extent	 external	 validity.	 The	 study	 group	 enrolled	 a	
diverse	 population	 from	 all	 over	 India.	 The	 challenge	
was	 shortlisting	 healthy	 women	 at	 menopause	 who	
were	 not	 on	 supplements.	 The	 limitations	 include	 an	
imbalance	 of	 the	 sample	 size	 at	 the	 overall	 level	 even	
though	1:1	 randomization	and	allocation	was	ensured	at	
the	site	level.	The	baseline	nutritional	data	was	captured	
and	the	diet	and	physical	activity	were	not	considered	in	
the	follow‑up	visits.

Conclusions
This	 study	gives	 a	direction	on	 the	benefits	of	 lycopene	
supplementation	 in	 Indian	 menopausal	 women	 to	
maintain	 cardiac	 and	 bone	 health.	 No	 side	 effects	 or	
discomfort	were	reported	during	the	study.	The	effects	of	
different	 doses	 and	 duration	 of	 lycopene	 for	 prevention	
and	 as	 an	 adjuvant	 along	 with	 treatment	 for	 specific	
indications	need	to	be	studied.

In	 the	 prevention	 of	 such	 chronic	 diseases,	 there	 is	 no	
single	 magical	 ingredient,	 it	 is	 the	 combined	 roles	 of	
genetics,	 micronutrition,	 macro	 nutrition,	 antioxidants,	
and	functional	foods	in	the	background	of	lifespan	factors	
like	 physical	 activity,	 exercise,	 sleep,	 and	 environment.	
The	 role	 of	 cost‑effective	 phytochemicals	 as	 long‑term	

supplements	 at	 vulnerable	 phases	 of	 life	 needs	 to	 have	
synergistic	 effects	 of	 bioactive	 antioxidants	 and	 other	
food	 ingredients	 in	 the	 background	 of	 the	 heterogenous	
response	 of	 each	 individual.	This	may	 bring	 about	 new	
perspectives	 in	 developing	 new	 functional	 foods	 for	
prevention	and	therapy.

Acknowledgment
The	 project	 was	 done	 under	 the	 banner	 of	 the	 Indian	
Menopause	 Society.	 We	 acknowledge	 the	 time	 and		
commitment	 of	 the	 participants,	 investigator	 Lakshmi	
Rathna,	 and	 Dr.	 Deepika	 Chabra	 for	 the	 coordination	
during	the	study.	We	thank	Rama	Regulla,	Dr.	Venugopal	
Rao	Manneni,	Mamatha	Vijayagiri,	Dr.	Vanshika	Arora,	
Dr.	Raghunath	Dantu	 from	MEDEVA.	 IO	 for	 their	 help	
in	data	analysis,	manuscript	editing.

Financial support and sponsorship
LycoRed	 soft	 gels	 containing	Lyc‑O‑Mato	 and	 identical	
placebo	 used	 in	 the	 study	 were	 provided	 by	 Jagsonpal	
Pharmaceuticals	 Limited,	 New	 Delhi.	 LycoRed	 is	 a	
US	 world‑process‑patented,	 US	 FDA	 GRAS	 approved	
product	 of	 LycoRed	 Ltd.,	 Beer‑Sheva,	 Israel.	 The	
authors	remained	free	of	bias	in	conducting	the	study.

Conflicts of interest
There	are	no	conflicts	of	interest.

References
1.	 Census	 of	 India	 Website:	 Office	 of	 the	 Registrar	 General	 &	

Census	Commissioner,	India.	Available	from:	https://censusindia.
gov.in/2011census/population_enumeration.html.	 [Last	 accessed	
on	2022	Mar	04].

2.	 World	 Health	 Organization.	 World	 Health	 Statistics	 2018:	
Monitoring	 Health	 for	 the	 SDGs:	 Sustainable	 Development	
Goals.	Switzerland:	World	Health	Organization;	2018.	p.	86.

3.	 Meeta	M,	 Digumarti	 L,	Agarwal	 N,	Vaze	 N,	 Shah	 R,	Malik	 S.	
Clinical	 practice	 guidelines	 on	 menopause:	 *An	 executive	
summary	 and	 recommendations:	 Indian	 menopause	 society	
2019‑2020.	J	Midlife	Health	2020;11:55‑95.

4.	 Shatrugna	V,	 Kulkarni	 B,	 Kumar	 PA,	 Rani	 KU,	 Balakrishna	N.	
Bone	 status	 of	 Indian	 women	 from	 a	 low‑income	 group	
and	 its	 relationship	 to	 the	 nutritional	 status.	 Osteoporos	 Int	
2005;16:1827‑35.

5.	 Parfitt	AM.	The	 coupling	 of	 bone	 formation	 to	 bone	 resorption:	
A	 critical	 analysis	 of	 the	 concept	 and	 of	 its	 relevance	 to	 the	
pathogenesis	 of	 osteoporosis.	 Metab	 Bone	 Dis	 Relat	 Res	
1982;4:1‑6.

6.	 Arinkan	 SA,	 Gunacti	 M.	 Factors	 influencing	 age	 at	 natural	
menopause.	J	Obstet	Gynaecol	Res	2021;47:913‑20.

7.	 Garnero	 P,	 Sornay‑Rendu	 E,	 Duboeuf	 F,	 Delmas	 PD.	 Markers	
of	 bone	 turnover	 predict	 postmenopausal	 forearm	 bone	
loss	 over	 4	 years:	 The	 OFELY	 study.	 J	 Bone	 Miner	 Res	
1999;14:1614‑21.

8.	 Vasikaran	 S,	 Cooper	 C,	 Eastell	 R,	 Griesmacher	A,	 Morris	 HA,	
Trenti	 T, et al.	 International	 osteoporosis	 foundation	 and	
international	 federation	 of	 clinical	 chemistry	 and	 laboratory	
medicine	position	on	bone	marker	standards	in	osteoporosis.	Clin	
Chem	Lab	Med	2011;49:1271‑4.



56 Journal of Mid-life Health ¦ Volume 13 ¦ Issue 1 ¦ January-March 2022

Meeta, et al.: Cardiovascular and osteoporosis protection at menopause with lycopene

9.	 Bittner	 V.	Menopause,	 age,	 and	 cardiovascular	 risk:	A	 complex	
relationship.	J	Am	Coll	Cardiol	2009;54:2374‑5.

10.	 Yang	Z,	Zhang	Z,	 Penniston	KL,	Binkley	N,	Tanumihardjo	 SA.	
Serum	carotenoid	concentrations	in	postmenopausal	women	from	
the	 United	 States	 with	 and	 without	 osteoporosis.	 Int	 J	 Vitam	
Nutr	Res	2008;78:105‑11.

11.	 Walallawita	US,	Wolber	FM,	Ziv‑Gal	A,	Kruger	MC,	Heyes	JA.	
Potential	 role	 of	 lycopene	 in	 the	 prevention	 of	 postmenopausal	
bone	 loss:	Evidence	from	molecular	 to	clinical	studies	 Int	J	Mol	
Sci	2020;21:7119.

12.	 Sugiura	 M,	 Nakamura	 M,	 Ogawa	 K,	 Ikoma	 Y,	 Ando	 F,	
Shimokata	H, et al.	 Dietary	 patterns	 of	 antioxidant	 vitamin	 and	
carotenoid	intake	associated	with	bone	mineral	density:	Findings	
from	 post‑menopausal	 Japanese	 female	 subjects.	 Osteoporos	 Int	
2011;22:143‑52.

13.	 Jansen	 MC,	 Van	 Kappel	 AL,	 Ocké	 MC,	 Van	 ‘t	 Veer	 P,	
Boshuizen	 HC,	 Riboli	 E, et al.	 Plasma	 carotenoid	 levels	 in	
Dutch	men	and	women,	and	the	relation	with	vegetable	and	fruit	
consumption.	Eur	J	Clin	Nutr	2004;58:1386‑95.

14.	 Di	 Mascio	 P,	 Kaiser	 S,	 Sies	 H.	 Lycopene	 as	 the	 most	 efficient	
biological	 carotenoid	 singlet	 oxygen	 quencher.	 Arch	 Biochem	
Biophys	1989;274:532‑8.

15.	 SAARC	 Development	 Goals,	 Central	 Statistics	 Office	 Ministry	
of	 Statistics	 and	 Programme	 Implementation	 Government	 of	
India	Country	Report	2013	Statistical	Appraisal.	New	delhi	2013.

16.	 Manual	 A.	 Dietary	 guidelines	 for	 Indians.	 Natl	 Inst	 Nutr	
2011;2:89‑117.

17.	 Park	 CK,	 Ishimi	 Y,	 Ohmura	 M,	 Yamaguchi	 M,	 Ikegami	 S.	
Vitamin	 A	 and	 carotenoids	 stimulate	 differentiation	 of	 mouse	
osteoblastic	cells.	J	Nutr	Sci	Vitaminol	1997;43:281‑96.

18.	 Iimura	 Y,	 Agata	 U,	 Takeda	 S,	 Kobayashi	 Y,	 Yoshida	 S,	
Ezawa	 I,	 et al.	 Lycopene	 intake	 facilitates	 the	 increase	 of	 bone	
mineral	 density	 in	 growing	 female	 rats.	 J	 Nutr	 Sci	 Vitaminol	
2014;60:101‑7.

19.	 Iimura	Y,	Agata	U,	Takeda	S,	Kobayashi	Y,	Yoshida	S,	Ezawa	I,	
et al.	 The	 protective	 effect	 of	 lycopene	 intake	 on	 bone	 loss	 in	
ovariectomized	rats.	J	Bone	Miner	Metab	2015;33:270‑8.

20.	 Heinemann	 K,	 Ruebig	A,	 Potthoff	 P,	 Schneider	 HP,	 Strelow	 F,	
Heinemann	LA, et al.	The	Menopause	Rating	Scale	(MRS)	scale:	
A	methodological	review.	Health	Qual	Life	Outcomes	2004;2:45.

21.	 Wang	TT,	Edwards	AJ,	Clevidence	BA.	Strong	and	weak	plasma	
response	 to	 dietary	 carotenoids	 identified	 by	 cluster	 analysis	
and	 linked	 to	 beta‑carotene	 15,15’‑monooxygenase	 1	 single	
nucleotide	polymorphisms.	J	Nutr	Biochem	2013;24:1538‑46.

22.	 Bourgonje	 MF,	 Bourgonje	 AR,	 Abdulle	 AE,	 Kieneker	 LM,	
La	 Bastide‑van	 Gemert	 S,	 Gansevoort	 RT, et al.	 Systemic	
oxidative	stress,	aging	and	the	risk	of	cardiovascular	events	in	the	
general	female	population.	Front	Cardiovasc	Med	2021;8:630543.

23.	 Pfützner	 A,	 Forst	 T.	 High‑sensitivity	 C‑reactive	 protein	 as	
cardiovascular	 risk	 marker	 in	 patients	 with	 diabetes	 mellitus.	

Diabetes	Technol	Ther	2006;8:28‑36.
24.	 Ahmed	SM,	Luo	L,	Namani	A,	Wang	XJ,	Tang	X.	Nrf2	signaling	

pathway:	 Pivotal	 roles	 in	 inflammation.	 Biochim	 Biophys	Acta	
Mol	Basis	Dis	2017;1863:585‑97.

25.	 Mozos	 I,	 Stoian	 D,	 Caraba	 A,	 Malainer	 C,	 Horbańczuk	 JO,	
Atanasov	 AG.	 Lycopene	 and	 vascular	 health.	 Front	 Pharmacol	
2018;9:521.

26.	 Hajizadeh‑Sharafabad	 F,	 Zahabi	 ES,	 Malekahmadi	 M,	 Zarrin	
R,	Alizadeh	M.	 Carotenoids	 supplementation	 and	 inflammation:	
a	 systematic	 review	 and	 meta‑analysis	 of	 randomized	
clinical	 trials.	 Crit	 Rev	 Food	 Sci	 Nutr	 2021:1‑17.	 doi:	
10.1080/10408398.2021.1925870.	

27.	 CHAUHAN,	 Asutosh	 Prafulchandra;	 SHAH,	 Pankil	 K..	 Effect	
of	 dietary	 lycopene	 on	 inflammatory	marker	 in	 patients	 of	 heart	
failure.	 Int	 J	 Res	 Med	 Sci	 2017;3:3182‑6.	 ISSN	 2320‑6012.	
Available	 from:	 https://www.msjonline.org/index.php/ijrms/
article/view/1878.	[Last	accessed	on	2022	Feb	02].

28.	 Biddle	 MJ,	 Lennie	 TA,	 Bricker	 GV,	 Kopec	 RE,	 Schwartz	 SJ,	
Moser	 DK.	 Lycopene	 dietary	 intervention:	 A	 pilot	 study	 in	
patients	with	heart	failure.	J	Cardiovasc	Nurs	2015;30:205‑12.

29.	 Petyaev	 IM,	 Dovgalevsky	 PY,	 Klochkov	 VA,	 Chalyk	 NE,	
Pristensky	 DV,	 Chernyshova	 MP, et al.	 Effect	 of	 lycopene	
supplementation	 on	 cardiovascular	 parameters	 and	 markers	 of	
inflammation	 and	 oxidation	 in	 patients	 with	 coronary	 vascular	
disease.	Food	Sci	Nutr	2018;6:1770‑7.

30.	 Ried	 K,	 Fakler	 P.	 Protective	 effect	 of	 lycopene	 on	 serum	
cholesterol	 and	 blood	 pressure:	 Meta‑analyses	 of	 intervention	
trials.	Maturitas	2011;68:299‑310.

31.	 Misra	 R,	 Mangi	 S,	 Joshi	 S,	 Mittal	 S,	 Gupta	 SK,	 Pandey	 RM.	
LycoRed	 as	 an	 alternative	 to	 hormone	 replacement	 therapy	 in	
lowering	serum	lipids	and	oxidative	stress	markers:	A	randomized	
controlled	clinical	trial.	J	Obstet	Gynaecol	Res	2006;32:299‑304.

32.	 Ormazabal	V,	Nair	S,	Elfeky	O,	Aguayo	C,	Salomon	C,	Zuñiga	FA.	
Association	 between	 insulin	 resistance	 and	 the	 development	 of	
cardiovascular	disease.	Cardiovasc	Diabetol	2018;17:122.

33.	 Mesalić	L,	Tupković	E,	Kendić	S,	Balić	D.	Correlation	between	
hormonal	and	lipid	status	in	women	in	menopause.	Bosn	J	Basic	
Med	Sci	2008;8:188‑92.

34.	 Przybylska	 S,	 Tokarczyk	 G.	 Lycopene	 in	 the	 prevention	 of	
cardiovascular	diseases.	Int	J	Mol	Sci	2022;23:1957.

35.	 Ardawi	 MM,	 Badawoud	 MH,	 Hassan	 SM,	 Rouzi	 AA,	
Ardawi	 JM,	 AlNosani	 NM, et al.	 Lycopene	 treatment	 against	
loss	 of	 bone	mass,	microarchitecture	 and	 strength	 in	 relation	 to	
regulatory	mechanisms	 in	a	postmenopausal	osteoporosis	model.	
Bone	2016;83:127‑40.

36.	 Russo	 C,	 Ferro	Y,	 Maurotti	 S,	 Salvati	 MA,	 Mazza	 E,	 Pujia	 R, 
et al.	 Lycopene	 and	 bone:	An in vitro investigation	 and	 a	 pilot	
prospective	clinical	study.	J	Transl	Med	2020;18:43.


