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Table 3. IVF/ICSI outcomes among the four groups of non-PCOS IVF/ICSI repeaters: with and without merformin and according to the 
DS value (above or below 0.6647)

Discriminant score (Group)

With metformin Without metformin

≥0.6647 
(A)

<0.6647 
(B)

≥0.6647 
(C)

<0.6647 
(D)

No. of women 18 80 15 86

Discriminant score 1.83 ±0.27a -1.67 ±0.15 1.71 ±0.31a -1.89 ±0.16

Oocyte retrievals 18 80 15 86

No. of superior embryos per retrieval 3.4 ±0.8 2.5 ±0.4 3.8 ±0.8 2.7 ±0.3

Clinical pregnancies (% of oocyte retrieval) 10 (56%)b 16 (20%) 4 (27%) 22 (26%)

Ongoing pregnancies (% of oocyte retrieval) 10 (56%)c 11 (14%) 3 (20%) 13 (15%)

Transferred embryos 55 226 56 260

Gestational sacs (% of transferred embryo) 18 (33%)d 25 (11%) 4 (7.1%) 28 (11%)

Viable fetus (% of transferred embryo) 13 (24%)e 16 (7.1%) 4 (7.1%) 16 (6.2%)

aMean ±SEM, p<0.0001 vs. groups B and D (ANOVA and Fisher’s PLSD).
bp<0.01 vs. group B (Fisher’s exact test) and p<0.05 vs. group D (chi-squared test). 
cp<0.001 vs. groups B and D (Fisher’s exact test) and p<0.05 vs. group C (chi-squared test). 
dp<0.0001 vs. groups B and D (qui-square test) and p<0.001 vs. group C (chi-squared test). 
ep<0.0001, p<0.001 and p<0.05 vs. groups D, B and C, respectively (chi-squared test).

Insulin resistance and compensatory hyperin-
sulinemia are known to play major pathogenetic 
roles in various diseases, particularly type 2 diabetes 
mellitus.19 Evidence has accumulated that selective 
insulin resistance and subsequent hyperinsulinemia 
are pivotal in the pathogenesis of PCOS as well.5,20 
In PCOS, administration of metformin reduces in-
sulin resistance, serum concentration of insulin and 
androgen, and BP,21,22 and improves rates of ovula-
tion and pregnancy.6,21,22 Hypertension is associated 
with insulin resistance and hyperinsulinemia,23 while 
administration of metformin increases insulin sensi-
tivity and decreases BP.24 In nonalcoholic fatty liver 
disease, also considered a manifestation of insulin 
resistance syndrome,25,26 elevations of serum GOT, 
GPT, ALP, and -GTP are commonly detected.25,26 
Obesity, defined as an excessive BMI or waist-to-hip 
ratio, is well known to cause insulin resistance.11

Results of the present discriminant analysis sug-
gested that IVF repeaters with higher pretreatment 
values for BMI, FPG, FIRI, SBP, ALP, or -GTP 
are more likely to benefit from metformin therapy. 
Elevation of any of these parameters is associated 
with insulin resistance. Thus, the mechanism by 
which metformin improved outcome in IVF repeaters 

in the present study appeared to involve improved 
insulin sensitivity, as is true for metformin therapy 
in PCOS.5,20,21 Consistently, patients achieving on-
going pregnancy with metformin had significantly 
higher pretreatment values of FIRI and HOMA-R 
than those with failure, suggesting that metformin 
is more effective in women with lower insulin sen-
sitivity. Moreover, our observations that metformin 
significantly decreased BP, serum androgen, and 
serum hepatic enzymes in IVF repeaters provided 
further support for this mechanism. The tendency 
for increasing efficacy of metformin with increasing 
number of previous failed IVF/ICSI attempts may be 
explained as follows: repeated IVF/ICSI failures by 
conventional ovarian stimulation without metformin 
resulted in selection of women with insulin resistance 
requiring metformin treatment.

Although the subjects of the present study did not 
have PCOS according to the 2003 Rotterdam criteria, 
it cannot be excluded that some women might have 
less overt PCOS or a predisposition for PCOS given 
the high prevalence, great variability of symptoms, 
and lack of consensus concerning the definition of 
PCOS.27 Most likely, however, decreased insulin 
sensitivity, which is caused by multiple factors such 




