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Fatty Acid Concentration of Serum Phospholipids in Normal and Glaucoma Patients
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Abstract

Glaucoma is one of the leading causes of blindness worldwide and is characterized by degeneration of the optic nerve.
Elevated intraocular pressure (IOP) is the major contributing factor to optic nerve damage. However, some patients develop
glaucoma even with normal IOP. Other factors, including age, race, myopia, and nutrition, can affect glaucoma risk. Dietary
fat intake and serum fatty acid composition are closely related with the fatty acid profile of the retina and thus can modulate
glaucoma risk. In this study, we collected serum samples from 34 glaucoma patients (26 primary open angle glaucoma
(POAG) and 8 normal tension glaucoma (NTG)) and 45 healthy controls and analyzed their serum phospholipid fatty acid
concentrations. The results show that the ratio of oleic acid to stearic acid (OA/SA), which is an indicator of stearoyl-CoA
desaturase activity, was higher in POAG patients when compared to normal controls. The ratio of eicosapentaenoic acid to
arachidonic acid (EPA/AA), which is an indirect marker of eicosanoid biosynthesis, was also higher in glaucoma patients
(p=0.048). These results imply that dietary fatty acid intake and serum fatty acid profile can influence glaucoma risk.
Additional study is necessary to identify the relationship between fatty acids and glaucoma.
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HES dASHA B2 rh(Kang et al. 2004; Ramdas et
al. 2012; Renard et al. 2013; Prez et al. 2014).
FTFANAA L] dF2A o] M (gray matter)} -FAFSH
TS 7R W9 AL T AEA R ol =Rt
(arachidonic acid, C20:4, n-6, AA)Z} EIAFSA}AAAE
(docosahexaenoic acid, C22:6, n-3, DHA) 5 PUFA 3%
o] =& (Innis & Dyer 2002), n-3 A|¥4Ee whote] 1%
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2014), 37371 el 2dg g3t W& AAS DHAYH &
wEA] oW A7t 75 e 2te AFE
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(interphotoreceptor retinoid-binding protein, IRBP)oll 713
A Agsho=2A g o] uet Xite] # &3} el Q)
oA FQ3 AES P 4 th(Semenova & Converse
2003).
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(Acar et al. 2012).
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<Table 1> General characteristics of the study subjects

Control (n=45) Glaucoma (n=34) NTG (n=8)  POAG (n=26) tvalue? F value? pY p?
Age (y1) 466:169°  554+191 578+301° 5463233 346 623 00009%* 00033
Height (cm) 164.9+1.16 153.5+6.77 162.0+£2.31 150.9+8.81 1.65 1.88 0.1074 0.1613
Weight (kg) 63.8+1.71 62.2+1.73 58.0£2.75 63.7+£2.07 0.12 1.18 0.9053 03131
BMI (kg/m?) 23.4+0.44 23.3+£0.46 22.0+£0.73 23.7£0.54 -0.41 1.24 0.6817 0.2950
xvalue?  x? value? P’ p?
F 21 (46.67) 17 (50.00) 4 (50.00) 13 (50.00)
Sex 0.1791 0.1888 0.8190 0.9435
M 24 (5333) 17 (50.00) 4 (50.00) 13 (50.00)
, N 36 (10000) 30 (90.91) 8 (100.00) 22 (88.00)
Diabetes 3.4215 5.5200 0.1041 0.0776
Y 0 (0.00) 3 (9.09) 0 (0.00) 3 (12.00)
‘ N 3309167 28 (84.85) 7 (87.50) 21 (84.00)
Hypertension 0.7809 0.8533 0.4657 0.5693
% 3 (8.33) 5 (15.15) 1 (12.50) 4 (16.00)

Means+SEM or numbers (column %).

DThe statistical significance of Student’s t-test between control and glaucoma groups.
IThe statistical significance of analysis of variance (ANOVA) among control, NTG and POAG groups; numbers with different letters in the same

row are significantly different from the others.

IThe statistical significance of % test or Fisher’s exact test between control and glaucoma groups.
“The statistical significance of ” test or Fisher’s exact test among control, NTG and POAG groups.

Significantly different at *p<0.01 or **p<0.001.
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<Table 2> Serum phospholipid saturated and monounsaturated fatty acid profiles of glaucoma patients and controls

Control (n=45) Glaucoma (n=34) t p
YMUFA? 19.90+0.484 19.91+0.481 -0.01 0.9914
Clé6:1 1.36+0.108 1.18+0.091 1.23 0.2229
C18:1 14.94+0.336 15.06+0.372 -0.23 0.8171
C20:1 1.34+0.089 1.33+£0.075 0.05 0.9604
C22:1 0.34+0.024 0.33+0.027 0.26 0.7985
C24:1 1.92+0.065 2.00+0.079 -0.86 0.3910
YSFAD 55.05+0.598 54.94+0.651 0.13 0.8976
C14:0 1.86+0.122 1.93+0.123 -0.41 0.6817
C16:0 31.26+0.339 30.81+£0.392 0.87 0.3870
C18:0 18.05+0.233 18.1940.255 -041 0.6811
C20:0 0.54+0.020 0.54+0.017 0.26 0.7934
C22:0 1.39+0.056 1.40+0.053 -0.16 0.8733
C24:0 1.34+0.064 1.3040.053 0.47 0.6363
Cl16:1/C16:0 0.04+0.004 0.04+0.003 1.14 0.2597
C18:1/C18:0 0.83+0.018 0.83+0.022 -0.04 0.9656

Means+=SEM.

Analysis of variance (Student’s t-test).
DC14:0+C16:0+C18:0+C20:0+C22:0+C24:0
IC16:1+C18:1+C20:1+C22:1+C24:1

<Table 3> Serum phospholipid monounsaturated and saturated fatty acid profiles of POAG and NTG patients and controls

Control (n=45) POAG" (n=26) NTG? (n=8) F value p
~MUFA? 19.52+0.437° 21.18+0.508" 19.64+0.899% 321 0.0470*
Cl6:1 1.2640.105 1.31£0.122 1.41£0.217 021 0.8144
C18:1 14.68+0.328° 16.03+0.381° 14.64+0.674° 3.96 0.0239*
C20:1 1.28+0.073 1.5240.085 1.2740.150 242 0.0971
C22:1 0.35+0.029 0.36+0.034 0.27+0.059 0.92 0.4032
C24:1 1.95+0.081 1.96+0.094 2.05+0.166 0.15 0.8646
TSFA? 55.73+0.817 54.89+0.848 53.93+1.408 0.60 0.5539
Cl14:0 1.93+0.147 2.03+0.152 1.574£0.252 125 0.2966
C16:0 31.60+0.376° 30.15+0.437 30.67+0.774 298 0.0577
C18:0 18.29+0.255 18.27+0.296 17.50+0.524 0.98 0.3792
C20:0 0.53+0.018 0.52+0.020 0.54+0.036 0.07 0.9315
22:0 1.47+0.056 1.30:£0.066 1.3240.116 1.84 0.1677
C24:0 1.44+0.067 1.26+£0.077 1.15+0.137 224 0.1147
C16:1/C16:0 0.04+0.004 0.04+0.004 0.05+0.008 031 0.7322
C18:1/C18:0 0.80+£0.018" 0.88+0.020° 0.83+0.036%° 3.94 0.0242*

MeanstSEM.

Analysis of covariance (ANCOVA) controlling for age followed by Tukey’s test; numbers with different letters in the same row are significantly

different from the others.

YPrimary open-angle glaucoma

?Normal tension glaucoma
IC16:1+C18:1+C20:1+C22:1+C24:1
C14:0+C16:0+C18:0+C20:0+C22:0+C24:0
*Significantly different at p<0.05

3 Z2ET NTG 2= 7H, NTG 423 POAG S+
Zolle BAZLSZ ou = xjol7) giTt. dHA, OAE U
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o @ NTG 3#}2e] BI3ke] POAG $ARrollA] 2] 8H]
UL 2 NTG At 7ol BAIFSE 9] e
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3. CPIE=Zs} X|ehit =AM H|w

<Table 4>0ll= tZ2w3 ZW7 SxjrollA] 83 AAA
PUFAS] ZA)-S H|W3l 3, <Table 5>9& thZ, POAG
3, NTG 3 5 A 2ollA A58 SAste] &3 2
A4 PUFAS] 4% HlLo}"iv‘r 7¥ PUFA®} n-674] 2
n-37] PUFA®] §H], & PUFAY] A= RE & 7+ BA41%
o2 9ou Q= i}°l7} AR, n-671 PUFA 719l gt n-
37] PUFA @71¢] ¥] 2 SFA Ao that PUFA A<
HE BE o 7 5AIFd0 2 9un] e zpol7| it

<Figure 1>0ll= txaat S Sxltolla] @3 1A14
AA°] gt ofo] AL}, Heicosapentaenoic acid, C20:5,
n-3, EPA)2] H](EPA/AA)S B]EI31T). TJJX:LOH H|ale] =
W x-e] EPA/AAE 28t =& Zo = Yelgth
2, POAG 34, NTG 3kt 5 Al 2ollA A3
BAIste] EPA/AA BIE Bl ek Aol izl Bt

<Table 4> Serum phospholipid polyunsaturated fatty acid profiles of glaucoma patients and controls

Control (n=45) Glaucoma (n=34) t p
YPUFA" 25.12+0.662 25.50+0.723 -0.38 0.7019
Tn-6 PUFA? 20.60+0.567 20.61+0.563 -0.01 0.9886
C182 14.13+0.501 14.14+0.433 -0.02 0.9834
Cl18:3 0.36+0.028 0.32+0.026 0.89 0.3740
C20:3 0.38+0.024 0.38+0.025 0.16 0.8741
C20:4 5.12+0.173 5.05+0.199 0.29 0.7696
C22:4 0.40+0.025 0.46+0.036 -1.32 0.1919
C22:5 0.22+0.064 0.28+0.047 -0.76 0.4492
¥n-3 PUFAY 4.5240.201 4.94:+0.282 -127 0.2089
Cl18:3 0.16+£0.021 0.15+0.020 0.53 0.5981
C20:3 0.66+0.037 0.65+0.044 0.30 0.7657
C20:5 0.76+0.050 0.90+0.067 -1.70 0.0937
22:5 0.46+0.044 0.45+0.032 0.16 0.8770
C22:6 24740.152 2.80+0.208 -131 0.1949
¥n-3 PUFAY/%n-6 PUFA? 0.23+0.016 0.24+0.013 -0.46 0.6474
SPUFA"/ZSFA?Y 0.49+0.016 0.48+0.020 0.36 0.7176

Means+=SEM.
Analysis of variance (Student’s t-test).

DC18:2 (n-6)+C18:3 (n-6)+C20:3 (n-6)+C20:4 (n-6)+C22:4 (n-6)+C22:5 (n-6)+C18:3 (n-3)+C20:3 (n-3)+C20:5 (n-3)+C22:5 (n-3)+C22:6 (n-3)
IC18:2 (n-6)+C18:3 (n-6)+C20:3 (n-6)+C20:4 (n-6)+C22:4 (n-6)+C22:5 (n-6)

IC18:3 (n-3)+C20:3 (n-3)+C20:5 (n-3)+C22:5 (n-3)+C22:6 (n-3)
C14:0+C16:0+C18:0+C20:0+C22:0+C24:0
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<Table 5> Serum phospholipid polyunsaturated fatty acid profiles of POAG and NTG patients and controls

Control (n=45) POAG" (n=26) NTG? (n=8) F value p
TPUFA® 24.85+0.754 24.48+0.894 26.85+1.553 0.92 0.4021
¥n-6 PUFAY 20.37+0.622 19.85+0.738 21.58+1.283 0.73 0.4883
Cl182 13.91+0.529 13.53+0.614 14.82+1.088 0.57 0.5696
C18:3 0.33+0.025 0.39+0.029 0.30+0.051 1.91 0.1560
C20:3 0.36+0.024 0.43+0.028 0.41+0.049 1.76 0.1799
C20:4 5.17+0.200 4.84+0.233 5.25+0.412 0.73 0.4838
C22:4 0.39+0.035 0.45+0.040 0.48+0.071 0.81 0.4503
C22:5 0.22+0.072 0.25+0.085 0.32+0.148 0.20 0.8184
¥n-3 PUFA® 4.49+0.271 47240315 5.27+0.558 0.76 0.4712
C18:3 0.15+0.021 0.16+0.024 0.18+0.043 0.16 0.8529
C20:3 0.63+0.042 0.67+0.049 0.74+0.087 0.64 0.5300
C20:5 0.75+0.063 0.81+0.073 1.03£0.129 1.87 0.1619
C22:5 0.50+0.046 0.40+0.054 0.44+0.095 0.89 0.4162
C22:6 2.46+0.205 2.67+0.238 2.88+0.421 0.45 0.6426
¥n-3 PUFAY/Zn-6 PUFAY 0.23+0.018 0.24+0.022 0.25+0.037 0.19 0.8234
YPUFAV/ZSFA® 0.47+0.023 0.47+0.025 0.53+0.040 0.98 0.3840

Analysis of covariance (ANCOVA) controlling for age followed by Tukey’s test; numbers with different letters in the same row are significantly

different from the others.
DPrimary open-angle glaucoma
?Normal tension glaucoma

IC18:2 (n-6)+C18:3 (n-6)+C20:3 (n-6)+C20:4 (n-6)+C22:4 (n-6)+C22:5 (n-6)+C18:3 (n-3)+C20:3 (n-3)+C20:5 (n-3)+C22:5 (n-3)+C22:6 (n-3)
C18:2 (n-6)+C18:3 (n-6)+C20:3 (n-6)+C20:4 (n-6)+C22:4 (n-6)+C22:5 (n-6)

IC18:3 (n-3)+C20:3 (n-3)+C20:5 (n-3)+C22:5 (n-3)+C22:6 (n-3)
9C14:0+C16:0+C18:0+C20:0+C22:0+C24:0

POAG S 223 NTG ko] =& 73] AJARE 57
Ao on] e Aol SMAUTHAE FIAA). =2 <
©] EPA/AA Hi= ofo]aiabzo|= A ol Hofgto s
A s #EE 4 e, n-3 52 n-64 PUFAE &
TAR = 4i’\E‘r 2 (prostaglandins) 5 ©}o]FAR=
O] = (eicosanoidsy= = HIES QA ZZ oA tiefalal &
a3 7150l e =4 z_%_& 2-g-317] wlZolth(James
et al. 2000). Kang et al.(2004)2] AFoHE F& 5o
2]A} n-3/n-6 PUFA H]i= POAG 918 57kt #-=o] 3
NI 53] o]e} e AHIAlE 299 POAGH(H
IOP > 21 mmHg)oIA f2]3k3itt. ©l+= n-37] PUFA] H]3]
=S 529 n-674] PUFA 437} PGE$F 2+S n-67] PG
89S = A FallsHA] ¥ FEOE S #
AgroZH POAGY S A7 H #Asis 7t
S49ES AAE AAZRE A3 = PGF, FARIE 9%
oNA PSHAIR ©]-857]% gTk(Sternschantz 2001). o}
o|FARol =] A A AWARI EPASE AAE A
X FLg TAE T8 el A= BABA N A,
AAZHE THEOIX] & n-67] o}o]|FARco| =& EPAZRYEH
A= n-37] ofo|FAb=o| o) Hls| Ae]A &do] 7
3FH(Innis 1996). Ramdas et al.(2012)2] o= of|%]
AFZ AT n-3/n-6 o] SUA $AlolA o] E9kout

ol BAFSE Fo5A] Tt B AT Ael= At
Al 73231l vls] = SixlollA 5 EPA 2 DHA &
w7 (Ren et al. 2006), n-374] XA HFH e I3
=71 5 YrieE A4 3H(Kris-Etherton et al. 2002)7}F
E_TLEV]E 3 aitrﬂ Resch et al.(2009) n-37] A|HHAto]

ot @ &3 9] 7] 5 (endothelial function) 5]
S1ECS E—i’ﬁ l““ﬂﬂoﬂ sl HEEJ%* 7H S A
Als & o] okt

W3z, ocular hypertension)el] H]SH n-37] A 2]E9]
AF7E Avke Zle wsield. 58 A AF7E 5 238
ne] AL S5 AF7E A 93] mwo® AA HdFshs Hl
Fo] JUALAA Feldog =k, o9 e A=
n-37] Ake] Qigte] ofd thE AHARE Sl AlAlE &4
o] S vRIthe ZE AR Gt MERE S
Ao A7 B b AR/ ool AT 5 7] wiE
o|(Chong et al. 2008) 74 7]%5°] Y& PG| A4
PUFA HFH= 59 ot X850 B3] 2 + A& A
O 7 FZ=TF| W (Mozaffariech & Flammer 2007) ©]ol tigh
A77F 8T Flojth,

AT g AT 7“‘7)r°ﬂ‘:
Hdste] F9F AL n6:n39] A
Aske Aot} ol=

st AW 4t
182 APzl
HAuI o] o, AP A8 Fol Wy



230 EBEIREEELEEES Vol 35, No. 2(2020)

*

02 T
O .
? 016
[=4
= I
o
o~
o
< 012
&
£
0
S o008
o
004
o LI N NNNNNNNNNNNN
Control Glaucoma

<Figure 1> Eicosapentaenoic-arachidonic acid ratio of serum
phospholipid in controls and glaucoma patients

Means+=SEM.

Analysis of variance (Student’s t-test).

*Significantly different at p<0.05

Aol I U]X]7] wjZ-°]™ (Simopoulos 2008), 2015 St
a20] oﬂouuﬂ 2 4~10:19] H]&-S ARSI ATH(Korea
ministry of health & welfare 2015).

71N & PUFAY] B ¥ 3}9+-S(desaturation) 1 74WHS-
(elongation)yS 7HdA o2 WdEd 4= = A H2A /NE n
67l A4 n-3A] AAte] H1E 24 g Aol e
w3 HU S 7 8 U2, POAG 842, NTG &
ARt 7hol] FAH SR {Fogk Afol= YIATHALE HAA]).

B Al za At Sl 2L
NTGw#} tj2wtollA] 83 XA Ak 2448 2AEAL
H skt S $hakre] s izl Hlste] fo
Sl =X (p=0.0009), NTG A3} POAG $Akte] o
BE izl Hlske] foJabAl E=3kth(p=0.0033). thx,
POAG -, NTG 2= 5 Al wollA A5S FAlste
g3 oz @] MUFAS SFA AL ¥w3d A3, &

MUFA @71 (p=0.0470)2} SCD €749] 7+ A %7t &
A= OA/SA H](p=0.0242)7} thzstell Hlsto] POAG $4t
ollA frefahA =2 Zo R UEHTE OAE HET 3

|
B
it
-0
@)
>
d

g

NTG 3=kt HlEle] POAG SAFoA -2 =& A
© & VERdTH(p=0.0239). PUFA A& 7} & 7F BAIH 2
Z 9] = A7t §IN, BN AAHES-9] 71y

o

A3#Q) 7} PUFAS] Ml 7t & 7+ SAIH o2 on) gle A}
o7} YISt ofolAbo|= AR s 7H X337t @
T U= EPA/AA Hl= tiztol] vlste] Ul Shajatol A
frola o Ao YERITH(p=0.0483). @& S1xA 2] A
WA i#%" FollA hE Zke] A HFHE WH

z‘sl-z':o]ou:] o?_}_
Aw7k D & Aok sge

El
)
B2 A= NI BEoR }—?IH
A A
2]

ZpollA BEE SR FH AxA A uﬂEﬂ EH*@
getH oz gt g s 9 7hsAdel Aok €4 <
A AR A, AW 3 o), AbskY ~Ed S,
Absh WolAIAl 44 5 thFE el oA 4 S

Al

7] W] B Hhge] QA B PN A
AAZAE NES F7h0) AR Y A7) o] Fol o}
g Zelth.

A 2

B =18 20189 % FoloqAt gt skedy] 2ol

ofste] A== AE.

KA
A A AR g AFd S 22, 0000-0003-
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