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A BSTRA C T

P urpose: Polycystic ovary syndrom e (P C O S) is an endocrine disease characterized by chronic anovulation and hyperandrogenism .
H orm onal changes can affect tear function. T his study evaluates tear function and im pact of hyperandrogenism  on it in P C O S
patients. M ethods: Fifty patients w ith P C O S and thirty control volunteers w ere exam ined for tear break-up tim e, Schirm er-I and tear
osm olarity. A lso, serum  levels of total testosterone, FSH , L H  and A M H  w ere determ ined in venous blood sam ples in the early follicular
phase. P C O S patients w ere divided into tw o groups by plasm a total testosterone level: G roup A  w ith norm al (0.513 ng/m l;n=27),
G roup B  w ith higher horm one level (>0.513 ng/m l;n=23). H ealthy control group indicated as G roup C  (n=30).  R esults: L H , total
testosterone levels w ere higher in the P C O S group than in the control group (p=0.012;p=0.025). M ean values of tear break-up tim e and
Schirm er-I w ere different betw een groups and especially G roup A  and C  w ere near to each other differing from  B  (p>0.05). Tear
osm olarity results w ere higher in G roup B , com pared to A  and C  (p=0.049;p=0.033). N o significant difference detected in tear osm olarity
value m eans of G roup A  and C  (p=0.107). A M H  levels w ere higher in G roup B , com pared to A  and C  (p=0.002;p=0.001). A M H  levels
in G roup A  w ere higher than that of C  (p=0.002). Positive correlation betw een levels of total testosterone and A M H  w as detected in all
P C O S patients (n=50;Pearson’s r=0.579;p<0.001). C onclusion: Tear function can be affected in P C O S patients w ith hyperandrogenism .
Tear osm olarity is the m ost sensitive and objective assessm ent m ethod for ocular surface changes in P C O S.

K eyw ords: Polycystic ovary syndrom e; Tears/physiology; O sm olar concentration; H yperandrogenism ; A nti-m üllerian horm one
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RESU M O

O bjetivo: A  síndrom e do ovário policístico (SO P) é um a doença endócrina caracterizada por anovulação crônica e hiperandrogenism o.
A s alterações horm onais podem  afetar a função cardíaca. E ste estudo avalia a função lacrim al e o im pacto do hiperandrogenism o sobre
ela em  pacientes com  SO P. M étodos: C inquenta pacientes com  SO P e trinta voluntárias de controle foram  exam inadas para tem po de
ruptura lacrim al, Schirm er-I e osm olaridade lacrim al. A lém  disso, os níveis séricos de testosterona total, FSH , L H  e H A M  foram
determ inados em  am ostras de sangue venoso na fase folicular precoce. A s pacientes com  SO P foram  divididas em  dois grupos por nível
de testosterona plasm ática total: G rupo A  com  nível norm al (0.513 ng/m l; n = 27), G rupo B  com  nível superior de horm ônio (> 0,513
ng/m l; n = 23). G rupo de controle saudável indicado com o G rupo C  (n = 30). R esultados: O s níveis de L H  e testosterona total foram
m aiores no grupo com  SO P do que no grupo controle (p = 0,012; p = 0,025). O s valores m édios de tem po de ruptura lacrim al e Schirm er-
I foram  diferentes entre os grupos, e especialm ente os G rupos A  e C  estavam  próxim os um  do outro, diferente do B  (p > 0,05). O s
resultados de osm olaridade lacrim al foram  m aiores no G rupo B, em  com paração com  A  e C  (p = 0,049; p = 0,033). N ão houve diferença
significativa detectada em  valor m édio de osm olaridade lacrim al nos G rupos A  e C  (p = 0,107). O s níveis de H A M  foram  m aiores no
G rupo B, em  com paração com  A  e C  (p = 0,002; p = 0,001). O s níveis de A M H  no G rupo A  foram  superiores aos de C  (p = 0,002). U m a
correlação positiva entre os níveis de testosterona total e A M H  foi detectada em  todas as pacientes com  SO P (n = 50;Pearson’s r = 0,579;
p < 0,001). C onclusão: a função lacrim al pode ser afetada em  pacientes com  SO P com  hiperandrogenism o. A  osm olaridade lacrim al é o
m étodo de avaliação m ais sensível e objetivo para alterações da superfície ocular em  SO P.

D escritores: Síndrom e dos ovários policísticos; L ágrim as / fisiologia; C oncentração osm olar; H iperandrogenism o; H orm ônio
anti-m ülleriano
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IN TRO D U C TIO N

P olycystic ovary syndrom e (PC O S) is the m ost com m on
endocrine pathology in w om en of reproductive age and
is thought to be one of the leading causes of fem ale

subfertility. This is an endocrinopathy w hich has a prevalance of
4.8 – 8%  in w om en of prem enopausal period(1-4). A ccording to
the R otterdam  definition (2003), tw o of three criteria m ust be
m et to diagnose PC O S: chronic oligo and/or anovulation, clinical
or biochem ical signs of excess androgenic activity and polycystic
ovaries (by gynecologic ultrasound), w hile other entities are
excluded that w ould cause the sam e(5).

In this syndrom e, serum  luteinizing horm one (L H )
concentration increases w hile serum  follicle-stim ulating horm one
(FSH ) level often rem ains the sam e, and so LH /FSH  ratio increases.
A lso P C O S patients often have insulin resistance and
hyperinsulinem ia w hich can result in increased androgen production
and decreased levels of sex horm one-binding globulin (SH B G ).
These all take part in hyperandrogenism  pathogenesis(6). It is know n
that PC O S patients also have higher serum  A nti-M üllerian horm one
(A M H ) levels than healthy w om en(7-9). Som e studies report significant
correlations am ongst serum  A M H  and androgens in PC O S(8-11).

Specific receptors for androgens have been identified on
the healthy hum an m eibom ian and lacrim al glands and
conjunctiva, and it is likely that their function is regulated by
androgens(12,15). D ysfunction of any regulation m echanism s can
result in evaporative dry eye disease(1,2,16).

Tear film  break-up tim e (T B U T ) and Schirm er I test are
the m ost frequently used tests in diagnosis and follow -up of dry
eye disease. A lso recently, tear osm olarity m easurem ent has
started to be used in clinical evaluation of this eye pathology.

 The aim  of present study is to estim ate and correlate serum
levels of testosterone, A M H  and L H  w ith ocular surface
param eters like tear osm olarity, tear film  break-up tim e (T B U T )
and Schirm er I test results in PC O S patients and betw een them
and healthy control group.

M ETH O D S

T he  study  protocol  w as  approved  by  the  local  E thics
C om m ittee and perform ed according to the H elsinki declaration.
W ritten inform ed consent w as obtained from  all patients and
healthy  volunteers.  Fifty consecutive  patients w ith  recently
diagnosed  PC O S  (study  group)  and thirty  healthy  volunteers
(control  group)  w ere prospectively included in this study. Tw o
groups w ere com parable in age (Table 1). The diagnosis of  PC O S
w as based on the R otterdam  (2003) criteria(5).  Patients w ere
eligible if they had at least tw o of three m ajor criteria, including
chronic oligo and/or anovulation, clinical or biochem ical signs of
excess androgenic activity and polycystic ovaries (by gynecologic
ultrasound). E xclusion criteria for all subjects included ocular
surface disorders such as previous eye surgery, receiving topical
or system ic drugs that could affect tearing function, chem ical
and therm al injuries, Stevens-Johnson  syndrom e, and  ocular
cicatricial pem phigoid, current or previous use of contact lens,
atopy history, system ic diseases, other endocrinopathies, sm oking
and drinking alcohol.

From    all patients and healthy volunteers venous   blood
sam ples   w ere   collected   in the early follicular phase, betw een
the third and fifth day of the m enstrual cycle. Serum  levels of
horm ones, including total  testosterone, follicle-stim ulating

horm one  (FSH ),  luteinizing  horm one  (L H ) and anti-M üllerian
horm one (A M H ) concentrations  w ere  determ ined.

O phthalm ic  evaluations  included,  in  the  follow ing  order:
com plete  ophthalm ic  exam ination, m easurem ent  of  tear
osm olarity, Schirm er  I  test  w ithout  anesthesia and tear film
break-up tim e (T B U T ). E ach evaluation w as perform ed by an
experienced and m asked physician in the early follicular phase.

Tear osm olarity w as evaluated by the TearL ab O sm olarity
System  (Tearlab, San D iego, C A , U SA ). This system  includes
single use test cards containing m icrochannels  to  collect  tear
fluid,  a  hand-held  pen,  and  a portable reader unit. Tear sam ples
w ere collected from  the inferior lateral tear m eniscus after
calibration of the system . O n slit lam p exam ination, eyelid m argin,
m eibom ian gland orifices, and tarsal and bulbar conjunctiva w ere
evaluated. B asal and reflex tear production w as m easured by
Schirm er I test w ithout anesthesia after slit lam p exam ination. A
standard Schirm er test strip (H aag-Streit U K , L td, H arlow,  E ssex,
U K ) w as placed in the tem poral 1/3 part of low er fornix  for  5
m in,  during  w hich  tim e  the  patient  w as allow ed to blink
norm ally. The filter strip w as rem oved and  the  length  of  w etted
filter  paper  determ ined  in m illim eter and value recorded. Five
m inutes later, one drop of 1%  sodium  fluorescein w as instilled
to the low er fornix for m easurem ent of  tear film  break-up tim e
(T B U T ). T he patient w as asked to blink several tim es to
distribute the dye. The patient w as then asked to stare directly
ahead w ithout blinking. The tear film  w as then exam ined w ith a
cobalt blue light on the slit lam p. The tim e betw een the last blink
and the appearance of the first dry spot in the fluorescein stained
tear film  w as m easured in seconds. This procedure w as repeated
3 tim es and the m ean value w as recorded.

Statistical analysis  w as  perform ed  w ith  SPSS  for W indow s
17.0 (Statistical Product and Service Solutions, Inc., C hicago, IL ,
U SA ) package program  and only right eyes w ere used. In
descriptive analysis, the m easurem ent variables  are  given  as
m ean  and  standard deviation. The Shapiro-W ilk test w as used to
identify w hether the variables w ere norm ally distributed. The
differences betw een  groups  w ere  assessed  by  using unpaired t-
tests for param etric data. P values of less than 0.05 w ere considered
statistically significant. Pearson’s correlation analysis w as used to
detect correlation betw een data sets.

RESU LTS

A ge, plasm a horm one levels and ocular surface param eters
of PC O S and norm al patients are sum m arized in table 1.

T here w ere no significant difference betw een m ean ages
of PC O S and norm al group. M ean values of ocular surface
param eters w ere slightly different betw een PC O S and norm al
group, but this difference w as not statistically significant (unpaired
t test; p>0.05). L H , total testosterone levels w ere significantly
higher in the PC O S group than in the control group (unpaired t
test; p=0.012 and p=0.025, respectively).

W e determ ined total testosterone cut-off level as 0.513 ng/
m l for classifying the PC O S subjects into group A  and B  in
accordance w ith previous studies(17). W e also consider exact
horm one level param eters according to patient database of our
hospital based laboratories. PC O S patients w ere divided into
tw o groups by plasm a total testosterone level: G roup A  w ith
norm al horm one level (0.513 ng/m l; 27 PC O S patients) and
G roup B  w ith higher horm one level (>0.513 ng/m l; 23 PC O S
patients). N orm al control group indicated as G roup C  (30 nor-
m al volunteers). A ge, T B U T, Schirm er I, tear osm olarity
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Table 1
C om parison of age, ocular findings and horm one levels in

norm al and P C O S  patients

               P C O S (n=50)      C ontrol (n=30) P  value
 M ean ± SD M ean ± SD

A ge (years) 30.47 ± 6.23 29.22 ± 5.18 0.748
T B U T  (sec.) 11.18 ± 5.76 12.92 ± 7.39 0.165
Schirm er
I test (m m )          23.15 ± 9.21 26.75 ± 8.06 0.211
Tear osm olarity
(m O sm /L )          295.41 ± 12.22         287.32 ± 9.18 0.095
L H  (IU /L ) 10.17 ± 8.33 4.88 ± 2.56 0.012
FSH  (IU /L ) 6.01 ± 1.27 6.41 ± 1.53 0.099
Total testosterone
 (ng/m l)               36.46 ± 1.88 27.97 ± 1.12 0.025
A M H  (ng/m l) 9.67 ± 3.19 1.64 ± 0.62 0.083

PC O S, polycystic ovary syndrom e; T B U T, tear film  break-up tim e; LH ,
luteinizing horm one; FSH , follicle-stim ulating horm one; A M H , anti-
M üllerian horm one

param eters and plasm a A M H  levels of patients in these groups
w ere com pared and sum m arized in table 2.

                     P C O S               C ontrol            P  values

      G roup A       G roupB        G roup C        G roup A  vs B
                       (n=27)        (n=23)         (n=30)         G roup B  vs C
                   M ean ± SD   M ean ± SD     M ean ± SD     G roup A  vs C

A ge 0.661
(years)   29.41 ± 5.03    32.27 ± 4.26      29.22 ± 5.18 0.593

0.702

T B U T                                                                 0.197
(sec.)       12.11 ± 4.63      10.12 ± 5.06    12.92 ± 7.39       0.176

0.208

Schirm er 0.312
I test         24.12 ± 7.12      21.18 ± 7.33  26.75 ± 8.06 0.267
(m m ) 0.401

Tear 0.049
osm olarity  292.31±10.11  301.57±11.19  287.32±9.18 0.033
(m O sm /L ) 0.107
 A M H 0.002

(ng/m l)      4.77 ± 1.19      12.15 ± 2.11     1.64 ± 0.62 0.001
0.002

Table 2
C om parison of ocular findings and A M H  level in P C O S
patients divided by testosterone level into tw o groups

(G roup A  and B ) and norm al patients (G roup C )

G roup A  - PC O S patients w ith norm al testosterone level (0.513 ng/
m l); G roup B  - PC O S patients w ith increased testosterone level (>0.513
ng/m l); G roup C  - N orm al control group

 There w ere no significant difference betw een m ean ages of
all groups. M ean values of tear break up tim e and Schirm er I test
w ere slightly different betw een groups and especially G roup A  and
G roup C  w ere near to each other differing from  G roup B. This
difference w as not statistically significant (unpaired t test; p>0.05).

Tear osm olarity results w ere significantly higher in G roup
B , com pared to G roup A  and G roup C  (unpaired t test; p=0.049
and p=0.033, respectively). N o significant difference w as detected
in tear osm olarity value m eans betw een  G roup A  and G roup
C  (p=0.107).

A M H  horm one levels w ere significantly high in G roup B,
com paring to G roup A  and G roup C  (unpaired t test; p=0.002
and p=0.001, respectively). A lso, A M H  levels in G roup A  w ere
significantly higher than that of G roup C  (p=0.002). M edium
positive correlation betw een plasm a levels of total testosterone
and A M H  w as detected in all PC O S patients (n=50; Pearson’s
r=0.579; p<0.001).

D ISC U SSIO N

In our study, w e evaluated tear secretion w ith objective
tests such as Schirm er I, tear film  break-up tim e and tear
osm olarity to evaluate the im pacts of horm ones on ocular surface
in PC O S patients.

In our study, m ean values of Schirm er I and T B U T  values
w ere slightly different betw een PC O S and norm al group, but
this difference w as not statistically significant (Table 1; p>0.05).
L ikew ise, there w ere no significant difference betw een these
values obtained from  PC O S group w ith hyperandrogenism ,
PC O S group w ith norm al androgen levels and control group in
our study (Table 2; p>0.05).

W e prefer to use objective tests. W e don’t use subjective
tests such as questioning and scoring sym ptom s of patients because
these tests are not reliable. W e don’t use O SD I scores because in
our opinion, subjective sym ptom s recorded by patients generally
do not m atch up w ith disease severity. D espite the fact that m ost
studies have found w eak or no correlations betw een sym ptom s
and signs of dry eye, w e use only objective tests in our study.18

Tear function tests w ere used and evaluated in the previous
three studies. A ll these studies com pare test results betw een
PC O S patients and healthy control groups except B onini.19 In
B onini’s study the results w ere com pared betw een PC O S and
PC O  (Polycystic O varies - having echograhic signs but not clinical
or horm onal evidence of hyperandrogenism ) patients. B onini et
al., Y avas et al. and C oksuer et al. reported that there w ere
significant difference betw een T B U T  values obtained from  PC O S
and other groups. In addition to that,  there w ere no significant
difference betw een Schirm er I values obtained from  PC O S and
other groups in all of the three studies(19,21).

In our study, w e determ ine the level of total testosterone
0.513 ng/m l to classify  PC O S subjects into group A  and B  according
to the previous studies in the literature. K ushnir et al. R eported
norm al levels of total testosterone in 323 post-m enarcheal w om en
to be 9 – 55 ng/dL  , w ith concentrations not being age-dependent
throughout all reproductive ages(17). Tear function test results are
com pared betw een these groups. Thus, w e are able to form  opinion
about the im pact of hyperandrogenism  on tear function.

O ur results revealed that m ean values of tear break up
tim e and Schirm er I test w ere slightly different betw een groups
but this difference w as not statistically significant. In addition,
our results revealed a significantly higher tear film  osm olarity in
P C O S patients w ith hyperandrogenism  com pared w ith
norm oandrogenic group of them  and norm al control group
(292.31 ± 10.11, 301.57 ± 11.19, 287.32 ± 9.18 m O sm /L ; group A , B
and C , respectively).
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Tear osm olarity results w ere significantly high in G roup B,
com paring to G roup A  and G roup C  (Table 2; p=0.049 and
p=0.033, respectively). N o significant difference detected in tear
osm olarity value m eans of  G roup A  and G roup C  (Table 2;
p=0.107).

In previous studies, hyperosm olarity is the only param eter
of tearing function quality that can be objectively and reliably
m easured(22). O sm olarity testing has been declared the “gold
standard” of objective dry eye diagnosis and the single best
m arker of disease severity(23,24). O ur study approve that tear film
osm olarity m easurem ent is the m ost sensitive objective test.

In our study, according to the results obtained from  osm olarity
test, w e suppose that excess androgen levels change the quality and
quantity of lipid and m ucin layers of tear film . R ecent studies have
show n that, patients w ith polycystic ovary syndrom e have an
increased goblet cell num ber and M U C 5A C  m R N A  expression,
w hich m ay contribute to the abnorm al m ucous discharge(19).  In
addition. M aters et al. reported a negative correlation betw een total
testosterone and tear function in prem enopausal w om en, w hereas
total testosterone correlated positively w ith tear function for w om en
in m enopause(25).

O ne recent study, G onen et al.(26) evaluated tear osm olarity
test. This study reported that there w as no significant difference
betw een the m ean tear osm olarity values obtained from  PC O S
and control groups (285.02 m O sm /L , and 283.30 m O sm /L ,
respectively; p = 0.404).

G onen et al. reported that m ost of the clinical and
laboratory changes w ere absent in the recently diagnosed patients
w ith PC O S and does not affect lacrim al and m eibom ian glands(26).

E xcess androgenic activity is generally observed in PC O S
patients and it is one of the m ain criteria of PC O S. B ut the
definition is w ider, including m ore patients w ith or w ithout
androgen excess. T he findings obtained from  the study of
patients w ith androgen excess can not be estim ated to patients
w ithout androgen excess(27).

In our study, w e assess A M H  levels am ong PC O S patients
and betw een them  and control group.  A M H  horm one levels
w ere significantly high in G roup B, com paring to G roup A  and
G roup C  (unpaired t test; p=0.002 and p=0.001, respectively).
A lso, A M H  levels in G roup A  w ere significantly higher than that
of G roup C  (p=0.002).   Significant positive correlation betw een
plasm a levels of total testosterone and A M H  w as detected in all
PC O S patients (n=50; Pearson’s  r=0.579; p<0.001).

A M H , also know n as M üllerian inhibiting substance, is a
dim eric glycoprotein and a m em ber of the transform ing grow th
factor-â superfam ily(28). In m ale, A M H  is produced during fetal sex
differentiation by sertoli cells and w here it induces M üllerian duct
inhibition, w hile in fem ale, it produces only postnatally by granulosa
cells from  preantral and sm all antral follicles(29). A M H  has an
inhibitory role in the ovary, and the increased production by
granulosa cells m ay contribute to cessation of follicule developm ent.
Therefore A M H  level is an im portant factor for determ ination of
reproductive response to treatm ent in PC O S patients.

 PC O S patients have higher serum  A M H   levels than nor-
m al ones(7-8).  B ut the cause of serum  A M H  level elevation in
P C O S is yet unknow n; how ever, this elevation m ay be a
consequence of other factors altered in PC O S, the m ost obvious
being androgen production. E vidence to support this com es from
the studies show ing that in serum , A M H  has been positively
correlated to androgen levels(9, 10, 30).

A M H  levels and its effect on tear function w ere evaluated
in w om en in PC O S for the first tim e in our study but it is not
clear w hether ocular surface param eter changes are caused by
A M H  or testosterone, because A M H  and testosterone levels
show ed significant correlation betw een each other (Table 2).

C O N C LU SIO N

It is difficult to reveal only one sim ple underlying
m echanism  responsible for tear film  quality changes in PC O S
patients.

B ut PC O S patients  w ith high androgen and A M H  levels
are prone to tear film  changes and all of them  need treatm ent
because of sym ptom s.  In the future, it w ould be appropriate to
follow  PC O S patients w ith high levels of androgen and A M H
levels frequently for ocular surface changes. Tear osm olarity test,
due to its high reliability and sensitivity should  be used in the
evaluation of PC O S patients.
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