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Abstract

Objective: To investigate the changes of the tear film lipid layer thickness and factors relating tear
film lipid layer thickness thinning in normal subjects with Keratograph 5M. Method: One hundred
and thirty seven eyes of 79 normal subjects without ocular symptoms or ocular surface disorders
were recruited in this study. The lid margin and the degree of ease of meibum were evaluated by
slit-lamp microscopy. The Keratograph 5M (Oculus, Wetzlar, Germany) was used to evaluate the
first non-invasive tear film break-up time (NITBUT{), the average non-invasive tear film break-up
time (NITBUTavg), the images of tear film lipid layer and meibomian glands on every subject con-
secutively. A semi-automatic measurement with image ] software was used to evaluate the mei-
bomian glands loss on each subject. Statistical analysis was performed by using Stata 14.0. Mul-
tiple linear regression analysis was performed to investigate the factors that affect the tear film li-
pid layer thickness. Results: The mean age of 79 normal subjects was (43.89 + 16.56) years. Of 137
normal eyes, 10 (8%) were defined as thick lipid layer, 50 eyes (41%) were moderate lipid layer,
while more than half of them (62 eyes, 51%) were thin lipid layer. The mean score of the tear film
layer thickness was 0.57 + 0.64. Multiple linear regression analysis showed a significant negative
correlation between tear film layer thickness and meibomian glands loss of lower eyelids (0.80 +
0.74%). For each 1 percent meibomian glands loss in lower eyelids, the tear film layer thickness
tended to be 10.12 times thinner (Coefficient = -10.12, P = 0.005). No correlation was found be-
tween lipid layer thickness and meibomian glands loss of upper eyelids (1.04 * 0.76%) (Coeffi-
cient = 1.17, P = 0.744). Age, gender and the ease of the meibum expressed were not correlated
with layer lipid thickness (P = 0.282). Thinner tear film lipid layer was not significantly correlated
with the stability of the tear film in normal subjects (P = 0.459). Conclusions: The meibomian
glands loss of lower eyelids was probably a significant factor for tear film lipid layer thinning in
normal subjects. The more loss of the meibomian glands in lower lids, the thinner the tear film li-
pid layer is. Attention should be paid on the meibomian glands loss of lower eyelids as it may be
cause tear film lipid layer thinning and dry eye.
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H i9: B F Keratograph SM4-H7 TCHR RIS AR K 1IE 5 A RS 52 B 2R K VR B e g R 2 v K R
£, 1 WETBRREREKERK18~78S EHEA79M137 KR, i SHEEZIUTRE. [HHRRE
KT BT I 25 B AR I 43 I 5 1 336 47 VA » £ F Keratograph 5MJE 5 B AR LA IS 5 2 it B B
(lipid layer thickness LLT). & XIBEBIZERS A (NITBUTS). P iEEMIZER} A (NITBUTavg), H4TH:
WRARIEAR . B S MTE I A B B B KBRS 7 2 AT VRS, [ F Image JE (4B G AR
FRELK LB, fffiStata 14.080FRASHEEE TS #48, RAZ BEEREHEE SRR EREE
S5EER MR ARIR LB ITVEA B TR AR RIEE IR R G5 5 : 795 R & 358 (43.89
+16 56)% . 137X, 10RBREREFE, 8%, S0RB(A1%)NFEREFERFE, MEKEERE

2H, 5T EE51%, J8FREEBIESH0.57 +0.64, ZAEHERIFERER, BEEEES TR
Hﬁﬁfkﬂ%tm(ﬂ 80% £ 0.74%)FERE TR RXR, F1%EMR K TR RS E, BEIERERRE
AT L2310 T 10.124% (E )5 & ¥=-10.12, P=0.005); T RIS (1.04% + 0.76%)HEFR
HIREE R RN EE (EHR$=1.17, P = 0.744). B LZoLERAGEBTTUE N ER, Bk
IS AR R 23 BE AR R VR IR AR i B R R K (P 2 0.282) . ERMRRIEARIERZ RE S, MEREKR
MR 5 RIEEREENSZE (P2 0.459). £it: TRRERERKIER AH, TEARRGKATREREY
WEERERETENEERERZ —, TIRERRECREARLA, HERRE8E. B TR R R
RIS AT BE A2 BB RS 5 2 B AR v 5 | R i 2R R I TR A T IR Rk

KA
HREREEE, KARREK, Keratograph 5M
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WAV /D BRI i B AR [5] 6], 1EVHE R 53 )2 J5 FE (lipid layer thickness, LLT)A% i sk 2H Bl oy 5%, S80H
R Z ZE R I, SEmB e e ik, B R TR . YRR 52 I 5 B i 2H R R 43 S I W] RE A2 AE
W, PEBGR, Z9WI SR S A RIS [7]-[12] o BEAE AR 7T R A5 7E T HRURE R [13] B AR
Jirgacdv S TR BN B2 A 78 [6], X T 1R W NIHRR AR Z KBS M D) RE IR F 8, A 78l iR 45
A B Keratograph 5M 5% JGHR s PRRE AR B 1E &5 N EAT N 2 B0 R 0 AT, IR 2 sl yE s i ot J2 )5
IR ZE, PRI 28 A 5 B HR 1A AT A D DRI R I R A

2. AR EHZ*
2.1, —pEER

K RTBEVER G SR T 7% WStk 2016 4F 3 H % 2016 4F 10 H CHLR I AR f 2 FEZ K 79
B 137 W), HeBRARAEL T B TR, 2WibsdE S5 3E 2013 SR I A EZ2 7 3R[14]; 1B ThgE
e 5 S8 IR o B, KI5 FH VR R 2 4 B R G0 1T S e B R D R ) A8 s A M e i 5 (L o o2
TR AR EE . PIREFEEM/ R E S, ISR R F S5 TS IR B A . 1%
R Y REAT 0 B R A BT BB R S (BRI Z LA ARBRTT O &I i i wisg)s 6
Keratograph 5M i 8 JE 4= N\ TH AR 246 (7] (non-invasive tear film break-up time, NITBUT), fig /i )2 /&R AH
REE, IS AR I AT P SR B AR R R . Prf R & B A — A BRI AE R — R W BT R & 5 Pl
FEIUR A 2 [A] (BB 15 708 P A TN SA R dm N 6 2H: A 20 18~29 %, B4 30~39 %, C 4N
40~49 %, D41 H50~59 %, EHN60 %KLL L.

22. Bk

221 REZRERER

X2 A P AE D (e SRR PRI AT REE, JFVEAN ] 2 A Bl AR TR, BRI
RS AR R BB ERGRANE IR, AL MHERR A 7. 35T B R — 20 %t
ST AT AR OO LR 1) BREAHOCTE Dl: A2 AT AERR NS S R JOE U R PR I . IR 55, A2
75 DRI R 0 A0 5 S PR T R, R A2 75 A IR TR s oM o2, A eI e s 2) 4 B i
S GETHEEERON . OB IE R BALILE AR RIR R RGIIN . BRIASE 2 S 3) 2
PO S AR PUIARZS . PG 25 B 2R

2.2.2. Keratograph 5M X125

TEHRRRE R Z R oyt B S BAUE, [, BESRAZHR, A5 A IR 5 AR T 1 bz 27E
NEIRZ, B EARRZ HURAS TR ER MBS I, REE 5~8 PP, AR ETER B 8L A5 [15] 0 f i 2 )R FE 4y
I EEAL EX R UZ R AT R s A JBIRBUZ 2 4r: BORBOEETUZEANFEEN, K2R g5
JFIRATHAZ B35, By PEEREZ 14 GFEFEEZAHUNER, R, ¢ HIEHRZ 0 4
FOVERR SN, RILEE, WAAHE, B BRRY RS .

R4 NPETE IR 2L R (NITBUT): FT A 2R TR R — 6 IRl — B S [l — 1 B PR AR 75 % P H
[Fl— 4 TR 2. BB IE R B H IR 5 5 et H 2 Ik, B2 A R R ARBE H B Placido FA4%
S B A R E R BRI ZL, MLES T E SR 50 R v VR 2 7], S o VT B 2B (R (NI TBUTT) A P2
JE LR 240 17 (NITBUTavg) .

AR IR EF — e R A = N, B2 A 200G N IUREFESE b, RS FESE L) AR AT,
FUEE AR ARG SE R T 78 70 R R, VA REAR ML, BB A A5 AR MG, T 20 € HE P, Ko e o 7 MG A R L (B AR
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FUG G AL E), R T PRI, BRI AR IR R o X ISR i 2 I RR SR A b AN 5] 7 VAT VP A «
© SFSRICI IR R R (B 4E G BN ) AT AR IR R R FE FE VP40 [15]: 0 4 BB e % 143 T
FRANT U3y 2 45 WARERME U3AKT 2/3; 34y MA@ 2/3; drimixt B & NIEA1t
75 H ISR R 5 2 P2 43 (meiboscore), 43BN 0~6 43. @ K Image) #f4F(Wayne Rasband, National
Institute of Health, USA)¥ [ I & 43 B G Al ik 2k L A7), B AR 53— 4 B2 i Imaged B 1 230 T4 2k
1649 1 L P 1 AR R A T B A IR AR B T B (L P L(A) S &1 1(B)), I T I AR R 2 48

i Imagel | Results =0 | Imagel | Results -
File Em_lrnape Process Analyze PLOR File Edt Forl Resuls Fle. Edé Image Process Analyze Plugn‘ File Edi Fori Resulls
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Figure 1. As shown in the above figure, the meibomian gland area is marked with Image J software. (A): Use the
polyline tool circle to draw the gland area; (B): Draw the area of gland loss with fold line tool circle

1. W EEPRTRAER Image J BRFFRICHERARER. (A): ERAMEIRBELRAERE, (B): A
% T A ElE h R AR L TEE

2.3. GIHFESH

AHE I ARSI 7T . T A BE 8 Microsoft office Excel 2007 470 3¢ S 8B, J{#i ] Stata 14.0
Gt A AR AT G A B . T TR ORI + ARMEZE TR, N EERS AL AL 1A TR
PR 2 Tt EE 04T . SR 2 7026 VERNARERY 73 B G 0 2 IR FE S AR 0e . PRSI AR IR 7 WA RE 1 VT
SHEERRIRIIR R X T AR NI S 83, ST R R e AT Geit a0 A, DL RGP <
0.05 W NZERAZ ST E L.

3. &R
3.1, —HEE

AREIEGN N 79 B1(137 HIR) EIRRIGARIER A EH N, ok B4 31 1(53 HHR), Lot 48 #1(84 K
), JActbBoy 1:1.5, FUSTEHETE 18~78 X, ~FINFRE H(43.89 + 16.56)% . T3 [ LM~V E A8 73731
J(42.06 + 16.57) % 2 (45.06 + 16.62)% . FrA B 7EX R4 FdSIm AN\ 5 4H: A 45 18~29 %/, B 4N 30~39
%, CHNy40~49 %, D 4N 50~59 %, E 4N 60 % KUL . ABFFRILA 122 kG5 E 0T - A N5
#r, 15 RERNEHZ i B BEDA B R R #& 2 RA AN 122 5kJig )= R BRI, 10 BRENEZ, 50
HIRIEFIER)Z, 62 HIRMARTZ. B FU5 RIS ASE b W7 1o

WU R DA F3ME WA 1 )2 RV /- 35ME(0.57 + 0.64) AT B2 JE VT4 (1 43)-
NITBUTf. NITBUTavg FI¥MEIITEIER S EE N o IS R AR RS 2 FE B VP40 A B AR AR i 2 LL 431 14 32
s T M.
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Table 1. Demographic and characteristic of 79 normal subjects (137 eyes) (mean + SD)
= 1. 79 f5) 137 R IEB ZRX R B DHE AR M S T (OB HAREE)

B Rz

Ji 5T J B Y 4 0.57 +0.64
NITBUTH(s) 10.46 +6.22
NITBUTavg(s) 14.57 £5.94

G R R A 2R AR BE VY 4 1.04 £0.76

I R AR R R R E VY 4 0.80+0.74

ML R R SR EE VT ) 1.85+1.30
G AR R R 2 LA (9%6) 30.67 +12.10
I G IR AR 2 A (%) 28.77 +13.78
MG R I i G 2k L 457 (%) 30.25+11.17

WA S 3 0 i 3 VP43 0.28 £0.53

32. BREEENSHIER

AR Kerotography SM % HI OV B 5T PO €00 B 45 Ky FRY ¥ T P2 0 T R R Ml ROEAR PO IE 5 IR
JiUZ JE AT SRV 7y o AE MR IR I8 A PR AR FUZMIA 10 41, 15 1 8%, FEEHA 50
B, i 41%, FEARBUZ I 62 1, 15 51%, RMIETEIRIET AREH, ARHUZ AR A2 60 G T sz il
B L, WPRIRE 2.

P& = B3 A

mJ)E
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Figure 2. Distribution of tear film lipid layer thickness in 79 normal
subjects

B 2. 79 fIE RS R EEREEEN S E
3.3. FEFEREEREEERFR

AU FER SN 79 Gl TR FAEIR EH 2R, e 2037 5 4, B FRWE % 4 g
JZEFERIATIEAR—S IRFUZ M EEABEER I K i A8 . 32 2 TR a] LUE H IR 27 S ARk 41
DATIEAR—E, FEHRREE SR A I AL, PR SRR UZ AE 40~49 S AERY P 5 8 IR, 1%
T 40 ik E S, PEERRES 38 R, ERFZEME 18~29 &, 30~39 B AR A /71, E>60
GHRE 1, RPZARE RN TUZE 504 £ A PAE 40~59 % .
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Table 2. Distribution of tear film lipid layer thickness in age groups
=2 FNEFRBEREEENSHER

Gl HERRBUZ () TR RN U (TR) JERR )2 ()
18~29y 11 19 0
30~39y 11 19 0
40~49y 12 8 2
50~59 y 13 13 5
=60y 14 14 1

3.4. MEREEENER I

9T AR R Bt O 1) L A8 75 5 T S RSO T 20 WA R IR O U2 B, AN 9 L B Al e P sk o Ll 43
TGS AR IR BRI LB, AR RS, PR SRR I RE JIARN Z e R RN R AT AT, SR ER: T
G G B 14 R 2 L 491 R s il g i J2 B2 1) R DR 3R, 5 1% I AR ¥ T I AR IR R R 2K, TR o 2 ) FE AR
ML N T 10.12 £5(P = 0.005), 1My kA B AR AR P B I A 52 VH SR 2 10 )2 R (1)) &= %=1.17, P
= 0.744). @S 2 oA EVATTREM R LUE AR, 1 ) S AR 23 WA e 70 A S R e VE B IR o2 J2 A% T ) 1R
(P >0.282) (1.4 3).

Table 3. Multi-level linear regression analysis of meibomian glands loss and tear film lipid layer thickness

% 3. lRREEE SERARERK ELGIRIE XM A

e B
EVEES p*
T AR R 5 2K L A5 -10.12 0.005
B RR JR K E ) 1.17 0.744
FR(P) -0.02 0.368
PE5I -0.05 0.937
WA B 43k e 7 0.38 0.282

P <0.05 H4il2a o

35. BEREERESRARIMINEENXR

DA g5 RIRATRT LATR 122 TR 32 i i — 244 (51%) (1 32 10 IR Do v I ot S AR, T s v g it J 2
AR B N T IR RIS, S 7 DB Z AR R R 1R 1 TR AR M T R AR
AR A, FRATTR T2 JERE, WA AN I AL 2 e e e R H T R (3 4), S5 BIR: TEARWIT
o, R Z R R AR AR S MTE AR e M, AL RSP S8V A 2L R (BT )5 & %4=—0.15, P = 0.857)
B UCIE ISR 24T (8] (5] V5 % %5=—0.67, P =0.459).

Table 4. Multi-level linear regression analysis of tear film lipid layer thickness and non-invasive tear film break-up time

* 4. lRREBESIFRANETFIIEE R E R XS

ARAR N ST 1 T R 2 ) RN B RTE BT 2 1)

EVEEY P EVEEY P
JIg T 2 I -0.15 0.857 -0.67 0.459
F#(F) -0.65 0.123 -0.35 0.381
PEHI -0.74 0.568 -0.92 0.471

P <0.05 H4il2a o
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4. ¥Wig

ARG BTG AR R e A IR (19 155 N 79 1] 137 HHR A 7 xF %, LA Keratograph 5M = ZEW 2150 4%,
MG T R AR SRR NG 02 R BE S5 48 bR, JERTUIRIUZ M m R . 45 R 7R Rk
R AL FE S IEENEZ B EAAAE A RR &R, BIUZ RS 1. TB W IhRe, AR IR 4
RENIAFAEA IR R, AW TR N UG ik — 25 IR NI FURE AR IR (0 B2k 5 | RS TERE AR 52 2 R FE 84k, AT
AT 85 B R R AR 1 R A R R SR AR AR

B A 2 i A P ) E a1 0, AATTRZ IR B b, AT A4S T o 2 bkl 51k e o J= & 1)
Wb, REREARE, FSERSE[L6]MIHT A oAU AR 50% 1 SR E A E IEF Az IR I, 29 16%01 5%
RHEHAE 19 s i E AR 2 IRECN 0. AWFFE AT 50%1) 328 NHRRUZ, FHJER, RATR
AT 79 BITEIRER G ARG IET Ad, 18 £ % 39 ¥ HIh HEZIRE 33 6, 5 42%, X032
RFE W RER ik BE (6 FH A& oy, A A IE R IREZ AR 2158, Wi S 8UR 2 0078w . Mk 4k, THIEAE
2 R IR 2 W E K RIS [9] [10] [11]. A7 CHERRIR R Rt 2532k, (HA2RE 1
A B KPR AT BERE TR B T2 0 B . SRRt RS E R R R AN EENE R, 2
W CAUESEREIZ TR, RIUZ B WA 7] [8]. 1A FEE 2 o & B A 7 R R LLT 5
SEWS TR RAEAE IS R (910 2 $=—0.04, P =0.125), A NAREFRANRIIEH NP 8203 B b b
H/(17.7%), LR B FR BN E AR L, SMAE K. it B R R A B KA,
B DU SR T B 2

BRAT AT 9 UF B G I R T2 25 R0 Dy R e 5 O AR ) 2 A T B, MO B R AR R TR AR /D, A R 431 1)
Reflily, KRR WEERZ, JHIEAG R Z WS . EOM Z5[17]81 FINIS Z5[18)#EMF S rhiESE, LLT 540
e IR B AR R AR S B ARG . SRR G ARFERE ARG, K2 90%(1) MGD % LLT <60 nm. 4
VRN AR BEAT BRI 9 2 R IAE TE IR 2RI ACRE AR FR B N s A AE R AR B B3R 2K PR LU ABI s 27.01%, e 40
2 UL B T 86.49% (WA KR). ABETLRIURINE B S TR BURG R 2 2R MR R, &
1% AR 1) B ISR R R R, TETBENE 52 2 )5 B AR L2 38 0 1 10.12 % (P = 0.005), S REAERF Fu bR —
o AT —TE B BRI I AR B R A 52 eV AR 2 i BE ([0 = %0=1.17, P =
0.744), X ] R ER T RS AR % P 25 pH R P8 R T I G S AR P P 2 il R A DG, 1 A 25 5 R ke
FEEE VI OR[3]. BEIAMIF U R IR F ANBE N IS B BRI 3 8 T RG[18], T IS AR IR AR 5 S 3 (A
BRVESr 1 43 ) befl ik 53%. s, 4 NGO IR AL thAR BOROR, IR ISR IRk 4
Frofs, TFRARBRGR B, TR ARG IS W S AR bR/, IX T 2% 5 i R R AR . (R
BT AHIE T AT i AR K B 52 3 AT RO AR s AR R ki, FEatE— P M ERERRE VT, K050 FIG IS
PR R S TR R R, YT IEHE AR TR R R, RAOTMERRERZEEME, A
8 % B TS - HRRE 1) A2

TERRRG B EVE N AL R KR E 78 R ik, XHERE M fR e MR B E R . REAEWF AU RN,
R = 58 A B Z N RV S R FE v BN 4 £5[19] - TR 5= AR B 2 O g3 208, e R BUHIRZE R
Ik, JERGEE R T, TR E M TR, AR LT IR R . IR S EEE BUT PSR
Foett. BT E/R LLT 5 BUT 2IEMK[20]. MEBEAEFRZRER, KIS, BUT &K,
THE R E VAT . (HIRE 2L RER, LLT 5 BUT Z AT FE[20]. T FRAT0 45 5 BoR:
TG AR FERE AR TE 5 N TV B T Jo 2 V5 B8 P A8 9 9 A 2 i I B AS  k,  A55 ~1 35 VI ISl 2R b i) (R K R
=—0.15, P =0.857) % & VK IE IS 24t 0] (5% R $=—0.67, P = 0.459). 415 K AT it Ay JH I A 24t 1) 27H
FERS B PEFR AR AN SZ i 52 B2 ()5 T A 52 I T J2 I PR ST [ 2], M4 G A I s Pl 1) B2 1 1T I I P 7
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S, M SBUHRMRENE T . I HATRAINR 79 G 9 TR R IR KRR K32 187, el RE N
i 5 J2 FR A e R SRS TR AR S8 MR AR, PRI — DI BE D LT LR A e 2. BEAE AT T RS
T IR BRI &S RN Eh BE (4 2038 2 S MATE R AR 5= B R L, AT FEE TE I AR R RS HR AR S T AR 5 YR B I 5 /2
JERERIARSR R AR, HE— 2 A TR AT X BRI IR RE 25 PS5 TR 25 224 b L T FE AR I &5 22 1
oA, AT RO DIRE LRI, BLEC SRR TR R, THEZ MR &R .

g5 LATIR, AU R BYHR R 255 70 BT X Keratograph 5M I HR I AR ) 1E # TR I 2 2
BEAT IR ALEE, A BUAE TE IR I ACRE IR RO e o, YERBE AR 5 2 P52 A3 32 MG AR R asf 2% T AR AR 52
N HE AR ARG R, PR AR RIS OR . X ERIRIRATT, A I R AR v S A G AR R A
JEFE IR R ISR I, 0T T B AR Bl 5K T AR SR PR3 91 2 AL XT Al o U2 S BE PR e, 7™ B O3 i T
TUOXES ], AT 2R SR IR TG . H AT VE RS 5UZ 5B R (R i b TR B,k
BRI TR R BRI AL, 6 T m IR A B AR, IR RSST B+ R

SE 3
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