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GRAPHICAL ABSTRACT

ABSTRACT
Aim: Increased levels of homocysteine have been considered as a significant risk factor for cardiovascular disease. Elevated levels have 
been demonstrated in polycystic ovary syndrome (PCOS) patients, and have been found to be associated with insulin resistance in 
PCOS. This study aimed to determine the basal homocysteine levels and insulin sensitivity status in previously untreated lean PCOS 
patients and to evaluate the effect of metformin as a long term treatment modality.
Material and Methods: Twenty-five lean (BMI <25kg/m2) patients with PCOS were recruited to the study. Metformin 500mg orally 
twice daily was administered for 6 months. Before and after initiation of the study, after 12h fasting, homocysteine, insulin, glucose, 
FSH, LH, estradiol, progesterone, prolactin, free testosterone levels were measured and 75g OGTTs were performed. Normality was 
assessed with the Shapiro-Wilk test. Paired Student’s t-test or Wilcoxon signed-rank test was used as appropriate, categorical variables 
were analyzed with the McNemar test, and correlations were evaluated with Spearman analysis (p<0.05).

Effect of Metformin on Homocysteine and Insulin Resistance in Lean PCOS Patients

Metformin therapy significantly improves insulin resistance in lean PCOS 
patients, while plasma homocysteine levels remain unchanged.

1.Aim
To evaluate basal 

homocysteine levels 
and the long-term 

effects of metformin 
in previously 

untreated lean PCOS 
patients.

2.Method
n = 25 lean PCOS patients 

(BMI <25 kg/m²)
Metformin: 500 mg twice 

daily for 6 months
Measurements:
Homocysteine

Fasting glucose
Fasting insulin

logHOMA
Pre- and post-treatment 

comparison

3.Results
↓ Fasting glucose
↓ Fasting insulin

↓ logHOMA
(improved insulin 

resistance)
↔ Homocysteine (no 
significant change)
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Metforminin Zayıf PKOS Hastalarında Homosistein Düzeyleri Üzerindeki Etkisi

GRAFIKSEL ÖZET

Results: Pre-treatment (pre) and posttreatment (post) homocysteine levels were within normal levels (median (min-max)) (pre:6.1µmol/L 
(1.2-25.3), post: 6.2µmol/L (2.0-20.0), p=0.59). Metformin treatment significantly reduced fasting blood glucose (pre:93.7±9.6mg/dL; 
post:84.8±8.8mg/dL, p=0.003), fasting insulin (pre: 18.1±9.5μU/mL; post: 12.3±5.2μU/mL, p=0.02), and logHOMA (pre: 0.59±0.16, 
post: 0.37±0.17, p<0.001) values. 
Conclusion: Homocystein levels were within normal range in previously untreated lean PCOS patients. Insulin resistance was present 
in significant proportion of patients which also decreased after treatment. However, metformin treatment had no significant effect on 
homocysteine values.
Keywords: Homocysteine, Insulin resistance, Metformin, PCOS

ÖZ
Amaç: Homosistein düzeylerindeki artış kardiyovasküler hastalıklar için önemli bir risk faktörü olarak kabul edilmektedir. Polikistik 
over sendromu (PKOS) hastalarında yüksek düzeyler gösterilmiş ve PKOS’ta insülin direnci ile ilişkili olduğu bildirilmiştir. Bu 
çalışmanın amacı, daha önce tedavi görmemiş zayıf PKOS hastalarında bazal homosistein düzeylerini ve insülin duyarlılığını belirlemek 
ve metforminin uzun süreli bir tedavi yöntemi olarak etkisini değerlendirmektir.
Gereç ve Yöntemler: Yirmi beş zayıf (VKİ <25 kg/m²) PKOS hastası çalışmaya dahil edildi. Metformin 500 mg oral yoldan günde iki kez 
6 ay boyunca uygulandı. Çalışmanın başlangıcında ve 6. ayda, 12 saatlik açlık sonrası homosistein, insülin, glikoz, FSH, LH, östradiol, 
progesteron, prolaktin ve serbest testosteron düzeyleri ölçüldü ve 75 g OGTT yapıldı. Verilerin normal dağılıma uygunluğu Shapiro-
Wilk testi ile değerlendirildi. Parametrik veriler eşleştirilmiş Student t-testi, nonparametrik veriler Wilcoxon işaretli sıralar testi ile 
analiz edildi. Kategorik değişkenler McNemar testi ile karşılaştırıldı; korelasyon analizlerinde Spearman testi kullanıldı (p<0,05 anlamlı 
kabul edildi).
Bulgular: Tedavi öncesi ve sonrası homosistein düzeyleri normal seviyelerdeydi (medyan (min-maks)) (öncesi: 6,1 µmol/L (1,2-25,3), 
sonrası: 6,2 µmol/L (2,0-20,0), p=0,59). Metformin tedavisi açlık kan şekeri (öncesi: 93,7 ± 9,6 mg/dL; sonrası: 84,8 ± 8,8 mg/dL, 
p=0,003), açlık insülin (öncesi: 18,1 ± 9,5 µU/mL; sonrası: 12,3 ± 5,2 µU/mL, p=0,02) ve logHOMA (öncesi: 0,59 ± 0,16, sonrası: 0,37 ± 
0,17, p<0,001) değerlerini anlamlı şekilde azalttı.
Sonuç: Daha önce tedavi görmemiş zayıf PKOS hastalarında homosistein düzeyleri normal sınırlardaydı. Hastaların önemli bir kısmında 
insülin direnci mevcuttu ve metformin tedavisi sonrasında bu direnç belirgin olarak azaldı. Ancak metformin tedavisinin homosistein 
düzeyleri üzerinde anlamlı bir etkisi olmadı.
Anahtar Sözcükler: Homosistein, Polikistik over sendromu, Metformin, İnsulin direnci

Zayıf PKOS Hastalarında Metforminin Homosistein ve İnsülin Direnci Üzerine Etkisi

Metformin tedavisi zayıf PKOS hastalarında insülin direncini azaltırken, 
homosistein düzeyleri üzerinde anlamlı bir değişiklik oluşturmamıştır.

1.Giriş ve amacı
Daha önce tedavi

almamış zayıf PKOS 
hastalarında bazal

homosistein
düzeylerini ve

metforminin uzun
dönem etkisini

değerlendirmek.

2.Metod
n = 25 zayıf PKOS hastası
(VKİ <25 kg/m²) Metformin: 

500 mg × 2 / gün, 6 ay
Ölçümler:

-Homosistein
-Açlık glukozu
-Açlık insülini

-logHOMA
Tedavi öncesi ve sonrası

karşılaştırma

3.Sonuçları
↓ Açlık glukozu
↓ Açlık insülini

↓ logHOMA (insülin
direnci azaldı)

↔ Homosistein
(anlamlı değişiklik

yok)
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a prevalent endocrine 
disorder, affecting approximately 6-10% of women of repro-
ductive age (1). It is regarded as a multifaceted metabolic 
condition in which insulin resistance plays a central role (2). 
Hyperinsulinemia is secondary to insulin resistance that is 
seen both obese and non-obese women (3). The underlying 
mechanism responsible for insulin resistance in PCOS has 
not been fully elucidated. Nonetheless, insulin is thought to 
be a key driver in PCOS pathophysiology, in part through 
stimulation of cytochrome P450c17α activity, which can en-
hance androgen synthesis in both ovarian theca cells and 
the adrenal cortex. In addition, insulin may act at the hepat-
ic level to suppress the production of sex hormone-binding 
globulin (SHBG), thereby increasing bioavailable andro-
gens (4,5). Long-term sequelae linked to insulin resistance 
include impaired glucose tolerance and progression to type 
2 diabetes mellitus, dyslipidaemia (typically reduced HDL 
cholesterol and elevated triglycerides), and an increased risk 
of cardiovascular disease (6,7). Therefore treatments di-
rected towards insulin resistance (insulin sensitizing drugs) 
gaining acceptance for acute (subfertility) and chronic treat-
ment of PCOS (8,9). However, long term effects of metform-
in on cardiovascular risks are still unknown. Additionally, 
there is no proven surrogate marker for cardiovascular dis-
ease in PCOS patients. Therefore, unlike subfertility evalu-
ation, modification of cardiovascular risk factors is difficult 
for studies that assess the success of long term metformin 
treatment. Also data regarding the treatment of subgroups 
of patients (obese and lean) is insufficient (9).

Increased homocysteine concentrations have deleterious ef-
fects on the vascular endothelium. Elevated levels can pro-
mote endothelial dysfunction and may accelerate athero-
sclerotic processes, independent of conventional cardiovas-
cular risk factors, in both diabetic and non-diabetic individ-
uals (10,11). In general population as a surrogate marker of 
cardiovascular disease risk, lowering plasma homocysteine 
improves endothelial function in individuals with coronary 
artery disease (12) and decreases the incidence of major 
cardiac events (13). Elevated homocysteine levels associated 
with insulin resistance in PCOS patients (14).

In this study we aimed to assess the basal levels of homocyst-
eine levels and parameters related with insulin resistance 
(fasting glucose and insulin levels, lipid profile, and insulin 
sensitivity indices) previously untreated lean PCOS patients. 
We also aimed to determine the effects of metformin on 
these parameters as a long-term therapeutic option.

MATERIAL and METHODS
Patient selection

During the study period of 2004-2005, twenty-five patients 
with PCOS who attended the outpatient clinics of the Gy-
naecology Unit of the Zonguldak Karaelmas University 
Hospital were recruited to the study. Written informed con-
sent was obtained from all participants, and the study proto-
col was approved by the local ethics committee (2003/03-3. 
03.04.2003). 

The diagnosis of PCOS was established by the presence of 
any two of the following: (i) polycystic ovaries; (ii) oligo-/
anovulation; and/or (iii) clinical or biochemical evidence 
of hyperandrogenism (15). Polycystic ovarian morphology 
on transvaginal ultrasound was defined as the presence of 
at least 12 follicles in each ovary measuring 2-9 mm in di-
ameter and/or an increased ovarian volume (≥10 mL) (16). 
Patients with Cushing disease, hypothyroidism, hyperthy-
roidism, congenital adrenal hyperplasia, prolactinoma, were 
excluded from the study. Body mass index (BMI), calculat-
ed as weight (kg) divided by height squared (m²), was used 
as an indicator of overall adiposity.

Study design and intervention

The study was conducted as a prospective pre-post clinical 
trial. Participants received oral metformin at a dose of 500 
mg twice daily for six months. Blood samples were obtained 
after a 12-hour fast at baseline (before treatment initiation) 
and again at the end of the 6-month treatment period. Blood 
for fasting levels of homocysteine, insulin, glucose, FSH, LH, 
oestradiol, progesterone, prolactin, free testosterone was 
drawn after at least 20 minutes of rest to prevent excessive 
hormone secretion. After taking blood samples, a 75g OGTT 
was performed with insulin and glucose measurements at 
30 min intervals for 2 hr. Following these measurements all 
blood samples were centrifuged and stored at -40° until the 
completion of the study after when all the collected samples 
were studied together for the parameters other than glucose 
and insulin. Serum fasting homocysteine, FSH, LH, oestra-
diol, progesterone, prolactin, free testosterone were meas-
ured at the end of the study. All participants were advised 
to continue their habitual diet throughout the study period.

Assays 

Plasma glucose and lipid parameters (total cholesterol, tri-
glycerides, HDL, LDL, VLDL, and lipoprotein(a)), along 
with liver enzymes (AST, ALT), were quantified using a 
colorimetric method on an automated analyzer (Roche Co-
bas Integra 800; Mannheim, Germany). Serum insulin and 
hormonal assays—including progesterone, free testosterone, 
FSH, LH, estradiol (E2), prolactin, cortisol, and DHEAS—
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were determined by electrochemiluminescence on an im-
munoassay platform (Roche Elecsys 2010; Mannheim, Ger-
many). Plasma homocysteine levels were measured using 
The Axis enzyme Immunoassay kit (Oslo, Norway) on an 
ELISA analyzer (Pasteur Diagnostics LP 400, French). Free 
Testosterone level was measured using the competitive bind-
ing immunoassay technique on an ELISA analyser (Pasteur 
Diagnostics LP 400, French). 

Measurements and calculations

The glucose-insulin (GI) ratio was determined by dividing 
fasting plasma glucose (mmol/L) by fasting insulin (µU/mL). 
Insulin resistance was estimated using the HOMA-IR index, 
calculated as: fasting glucose (mmol/L) × fasting insulin 
(µU/mL) / 22.5 (17). The Quantitative Insulin Sensitivity 
Check Index (QUICKI) was computed using the formula: 
QUICKI = 1 / (log(fasting insulin (µU/mL)) + log(fasting 
glucose (mg/dL))) (18). Insulin sensitivity during the OGTT 
was estimated using the ISI-OGTT (Matsuda index) as de-
scribed by Matsuda et al.:

ISI-OGTT = 10,000 / √(fasting glucose (mg/dL) × fasting 
insulin (µU/mL) × mean glucose during OGTT × mean in-
sulin during OGTT) (19). 

Sample size determination and statistical analyses

Sample size determination was based on the expected dif-
ference in homocysteine levels before and after treatment.

A sample size of 20 patients (40 measurements) was calculat-
ed to be sufficient to detect at least a 2 µmol/L difference be-
tween two measurements, with α (type I error) set at 0.05 and 
80% power, using the G*Power 3.1 software. The final sample 
of 25 patients therefore exceeded the minimum requirement. 
All patients were followed prospectively by a custom 
form for recording variables and contact information. 
Data were recorded in an SPSS database for analysis 
(SPSS for Windows 11.5, SPSS Inc., Chicago, IL, USA). 
Normal distribution of continuous variables was assessed 
using the Shapiro-Wilk test. Variable pairs recorded before 
and after treatment were compared with Student’s t test for 
paired samples or the Wilcoxon signed-rank test for para-
metric and nonparametric data, respectively. The McNe-
mar test was used to compare paired categorical data (e.g. 
the proportion of insulin resistant patients before and after 
treatment). Results were expressed as mean ± standard de-
viation (SD) for parametric data, median (minimum-maxi-
mum) for nonparametric data, and count (%) for categorical 
data. Correlations between homocysteine, insulin, logHO-
MA and BMI were evaluated using the Spearman correla-
tion test. In all calculations, statistical significance was de-
fined as p<0.05.

RESULTS

Mean (±SD) age and BMI values of patients were 27.4±6.1 
years and 23.50 ± 0.9 kg/m2, respectively. Baseline descrip-
tive characteristics of lean PCOS patients are summarized 
in Table 1.

Homocysteine levels

Pre-treatment (6.0 (1.2-25.3) mmol/L) and posttreatment 
(6.2 (2.0-20.0) mmol/L) homocysteine levels were within 
normal range (5-11 mmol/mL) (14) (Figure 1). No statisti-

Table 1. Baseline descriptive characteristics of lean PCOS patients 
(n = 25)

Characteristics Results (n=25)
Age (years±SD) 27.4 ± 6.1
BMI (kg/m²±SD) 23.5 ± 0.9
FSH (mIU/L±SD) 5.3 ± 1.4
LH (mIU/L±SD) 10.6 ± 4.8
DHEAS (µg/dL±SD) 320.5 ± 180.2
Free testosterone (pg/mL±SD) 3.2 (2.1-27.2)
Homocysteine (µmol/L±SD) 6.1 (1.2-25.3)
Fasting glucose (mg/dL±SD) 93.7 ± 9.6
Fasting insulin (µU/mL±SD) 18.1 ± 9.5
logHOMA±SD 0.59 ± 0.16
QUICKI±SD 0.31 ± 0.02
ISIOGTT±SD 3.54 (1.56-7.23)
Insulin resistance (logHOMA ≥ 0.5), n (%) 17 (68.0%)

BMI: Body mass index; FSH: Follicle-stimulating hormone; LH: Lute-
inizing hormone; DHEAS: Dehydroepiandrosterone sulfate; GI ratio: 
Glucose/insulin ratio; HOMA-IR: Homeostasis Model Assessment for In-
sulin Resistance; QUICKI: Quantitative Insulin Sensitivity Check Index; 
ISIOGTT: Insulin Sensitivity Index derived from Oral Glucose Tolerance 
Test; PCOS: Polycystic Ovary Syndrome. Figure 1: Pre-, posttreatment homocysteine levels (p=0.59)
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Number of pre-treatment insulin resistant cases by logHO-
MA (≥0.5) decreased from 17 patients (68.0%) to 5 patients 
(20%) after metformin treatment (p=0.004, McNemar test). 
Pre-treatment fasting blood glucose, insulin and logHOMA 
values significantly decreased after metformin treatment 
(Figure 2).

There was no statistically significant correlation be-
tween BMI and pre-, posttreatment homocysteine values 
(pre-treatment: r=-0.41, p=0.67; posttreatment: r= 0.14, 
p=0.98). Correspondingly, interrelationship between BMI 
and pre-, posttreatment logHOMA was not significant 
(pre-treatment: r=-0.11, p=0.61; posttreatment: r=-0.21, 
p=0.31). 

DISCUSSION

Polycystic ovary syndrome is known to be associated sig-
nificant long term health risks including glucose tolerance 
and type 2 DM, dyslipidaemia (low serum HDL cholester-
ol, high triglycerides) and cardiovascular disease (6). Con-
sidering the frequency of PCOS (6-10%) interventions 
to prevent these risks should be considered public health 

Figure 2: Pretreatment (pre) and posttreatment (post) logHOMA (p<0.001), fasting blood glucose (GLU) (p=0.003), and fasting blood 
insulin (INS) levels (p=0.02).

cally significant difference was observed between pre- and 
posttreatment homocysteine levels (p=0.059). Addition-
ally, pre-treatment and posttreatment homocysteine levels 
among IR and NIR subgroups of patients were within nor-
mal range (Table 2). 

Insulin resistance

HOMA-IR, logHOMA, QUICKI, ISIOGTT, GI ratio were the 
calculated insulin sensitivity indices. logHOMA (logarith-
mic transformation of HOMA-IR) and QUICKI has similar 
discriminant power comparable to euglycemic hyperinsu-
linemic clamp (20). Calculation of ISIOGTT is complex but 
include information about glucose and insulin levels ob-
tained from 75g OGTT. For convenience and ease of calcu-
lation logHOMA≥0.5 was used to define insulin resistance. 
Pre-treatment and posttreatment values of other indices 
were also compared and calculated for reference purposes 
(Table 2). All the calculated pre-treatment and posttreat-
ment insulin resistance indices were significantly inter-cor-
related except ISIOGTT which includes 75g OGTT and repeat-
ed insulin measurements. 

Table 2. Subgroup analysis of basal homocysteine levels according to insulin resistance status in lean PCOS patients

Homocysteine levels NIR† ‡IR P
Pretreatment homocysteine (mmol/L) 6.0 (1.2-13.2) 6.1 (3.4-25.3) 0.71
Posttreatment homocysteine (mmol/L) 6.1 (2.0-7.7) 6.2 (2.7-20.0) 0.79

Note: Values are expressed as median (minimum-maximum)
† NIR: Non-insulin resistant
‡IR: Insulin resistant
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eine (from 10.1 ± 2.6 to 13.4 ± 5.1) after metformin thera-
py (27). We couldn’t find similar association in our patients 
(Figure 1, Table 1). 

Metformin is a widely used biguanide for the management 
of type 2 diabetes mellitus. It acts primarily by suppressing 
hepatic glucose output and improving peripheral insulin 
sensitivity, and it typically does not induce hypoglycemia 
when used alone. In women with PCOS, metformin has 
been reported to enhance insulin sensitivity, reduce cir-
culating insulin and androgen levels, and contribute to a 
meaningful reduction in BMI (28). However, other inves-
tigations have found little or no clinical benefit with met-
formin therapy (29). A recent review examining metformin 
for the reproductive and metabolic sequelae of PCOS con-
cluded that current evidence does not clearly justify routine, 
broad use of metformin in all PCOS patients (30).

Association between IR and elevated homocysteine in spe-
cific patient groups in women of reproductive age was inves-
tigated by several authors. Elevated levels of homocysteine 
in both lean and obese PCOS patients were related to IR and 
not necessarily to body weight (25). But on the other hand, 
no association between PCO and homocysteine levels was 
found by Sills et al. According to the study, insulin concen-
trations were slightly higher in women with polycystic-ap-
pearing ovaries, but the difference did not reach statistical 
significance. Notably, participants were categorized solely 
by ultrasound ovarian morphology, without considering 
other diagnostic features of the syndrome (31).

In summary, our study results showed that homocysteine 
levels in lean PCOS levels were within normal range that 
treatment with metformin did not affect these levels sig-
nificantly. Moreover, insulin resistance is a frequent find-
ing which significantly decreased after metformin therapy. 
Therefore, irrespective of the effects on homocysteine levels 
metformin is an important agent that decreases insulin re-
sistance that might be beneficial in prevention of long term 
health risks in lean PCOS patients.

Although metformin significantly improved insulin sensitiv-
ity indices (fasting insulin, logHOMA, QUICKI), it did not 
lead to a measurable change in homocysteine levels. Met-
formin does not directly interfere with the methionine-ho-
mocysteine pathway, and plasma homocysteine is strongly 
influenced by vitamin B12 and folate status, renal function, 
genetic polymorphisms, dietary methionine intake and sys-
temic inflammation. In our cohort of lean PCOS patients, 
baseline homocysteine values were already within the nor-
mal range, which may have limited the potential for further 
pharmacologic reduction despite improved insulin sensitiv-
ity.

measures. Major factor responsible for long term risks is 
thought to be insulin resistance and its metabolic conse-
quences. Today insulin sensitizing agents, specifically met-
formin, were shown to be effective in problems associated 
with subfertility and menstrual irregularity (8). Howev-
er, due to lack of proven surrogate markers, evaluation of 
treatment modalities potentially modifying these risks is 
difficult. Moreover currently used another group of agents; 
combined oral contraceptive might have opposite effect due 
its actions on blood coagulation and blood lipid profile (8). 
Use of combined oral contraceptive with metformin might 
also causes difficulty in evaluation of their respective effects 
on long term. Obesity is also another significant risk factor 
for cardiovascular and diabetic complications (i.e. insulin 
resistance) in both normal and PCOS population. However 
PCOS patients were previously shown to be insulin resistant 
irrespective of BMI as an estimate of body fat composition 
(3). Decrease in BMI was shown to have beneficial effects on 
all aspects of manifestations in PCOS. Therefore, effect of 
obesity per se might be another contributing factor for long 
term health risks in addition to insulin resistance. In this 
study we included previously untreated patients to prevent 
the effect of previous treatments especially combined oral 
contraceptives. Also, inclusion of lean PCOS patients with 
BMI <25 kg/m2 might decrease the independent effect of 
obesity in parameters.

Hyperhomocysteinemia is extensively accepted as a major 
independent risk factor for cardiovascular, cerebrovascu-
lar, and peripheral vascular disease apart from cholesterol, 
smoking, and obesity (21). Homocysteine has a direct toxic 
effect on vascular endothelium by increasing DNA synthe-
sis in vascular smooth muscle cells and inducing its prolifer-
ation as well as blocking the regeneration of endothelial cells 
and causing oxidation of low lipoprotein (22-24).

Women with PCOS were observed to have higher circulating 
homocysteine levels, implying that disrupted homocysteine 
metabolism could contribute to the heightened cardiovas-
cular risk reported in this condition (25). Reports regarding 
homocysteine levels in PCOS are conflicting. Schachter et 
al. found significantly elevated plasma homocysteine with 
insulin resistance (14). Furthermore Orio et al. found the 
normal values of homocysteine levels in PCOS patients (26). 
In accordance with the results with Orio et al. homocyst-
eine levels were within normal range in this study (Table 1). 
Study group in Orio et al. was also composed of lean pa-
tients with a mean BMI of 24.1±3.1 kg/m2. Similarly, sub-
group analysis Schahter et al. reported minimally increased 
mean homocysteine levels with a higher BMI of >27 kg/m2 
which according to our opinion inappropriately high cut-off 
(14). Vrbikova et al. reported increased levels of homocyst-
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