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value of FSH as a predictor for SRR in patients with NOA before 
testicular sperm retrieval.

MATERIALS AND METHODS
Systematic search strategy
We searched the following databases: Cochrane Central Register 
of Controlled Trials, PubMed  (from 1994 to June 2013), and 
EMBASE (from 1994 to June 2013). The following search terms were 
used to identify any relevant studies: “FSH” and “sperm retrieval, 
or TESE, or microdissection TESE (MESE).” In addition, identified 
reports, reviews of the included studies, and other relevant publications 
from the American Urological Association, European Association of 
Urology, and Societe Internationale d’Urologie between 2007 and 2013 
were manually searched. Conference abstracts were excluded because 
of the limited data presented in them.

Identification of articles
Diagnosis tests were included only if they met the criteria of testing 
the diagnostic value of FSH as a predictor for SRR in patients with 
NOA before TESE/MESE, with general demographic data like 
patients’ age  (average age), excluding the presence of limiting to 
any particular cause of NOA, such as AZFa deletion, or of usage of 
any other sperm retrieval technique like sperm aspiration that was 

INTRODUCTION
Azoospermia occurs in 1% of men and 10%–12% of the infertile male 
population. Nonobstructive azoospermia  (NOA), which is caused 
by testicular failure, represents 60% of all cases of azoospermia.1,2 
Since the first successful surgical sperm retrieval in combination with 
intracytoplasmic sperm injection (ICSI) in 1994, the use of surgically 
retrieved sperm from the testis for ICSI has made it possible for patients 
with NOA to father children.3,4

However, the recovery of spermatozoa is successful in only 50% 
of cases and therefore it would be beneficial to predict the success 
of sperm retrieval using noninvasive parameters before attempted 
treatment.5,6 This would not only decrease the surgical risk and 
the inconvenience to the patient, but also lower the costs of the 
infertility workup. Although no single clinical finding or investigation 
able to accurately predict has been found, follicle‑stimulating 
hormone (FSH) has been an important preoperative serum parameter 
studied since the first years of testicular sperm extraction (TESE).7 In 
general, the serum FSH concentration is inversely related to sperm 
retrieval rate (SRR).8,9

Recent studies showed continuous interests in the value of FSH in 
prediction, with both pros and cons.10–25 Therefore, it is necessary to 
conduct a systematic review and meta‑analysis to assess the diagnostic 
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obviously less successful. Tests without definitive four‑fold table 
were also excluded.

Quality assessment of included studies
The titles and abstracts of all articles were reviewed by two reviewers 
according to the inclusion criteria using a standardized form. If 
inconsistencies existed between the reviewers’ data, a third reviewer 
evaluated the data. Quality assessment was performed using methods 
adapted from two guidelines on systematic reviews of diagnostic 
studies.26,27

For each study, the following quality criteria were scored as 
fulfilled or not:  (1) independent comparison of FSH level against 
TESE/MESE results; (2) blinded (single or double) interpretation of 
test and reference standard results;  (3) unsolved data preformed. If 
no data on the above criteria were reported in the primary studies, 
we requested the information from the authors. For the purposes of 
analysis, responses coded as “not reported” were grouped together with 
“not met.” A high‑quality study was arbitrarily defined as that which 
met all three criteria; a medium quality met two of the three criteria; 
and low quality study met <2/3 criteria.

Outcome
Our primary outcome was the summary receiver operation 
characteristics (SROC) and the area under ROC curve (AUC) of 
FSH’s diagnostic value as a predictor for SRR in patients with NOA 
before TESE/MESE, while TESE/MESE result was the reference 
standard, followed by sensitivity, specificity and diagnosis odds 
ratio (DOR).

Data synthesis and analysis
All analyses were performed using the Review Manager, 
version 5.1.0 (Cochrane Collaboration, Oxford, UK) and Meta-DiSc, 
version 1.4 (Clinical Biostatistics Unit, Ramony Cajal Hospital, Madrid, 
Spain). P < 0.05 was considered to be statistically significant. Four‑fold 
tables of each test were fulfilled with numbers of true positive, true 
negative, false positive, and false negative.

The categorical data were presented as specificity and sensitivity, 
both with a 95% confidence interval (CI). Continuous outcomes were 
presented as SROC, and qualitatively described as AUC. The chi‑square 
test and I2 statistic were used to analyze the heterogeneity in the 
results.28 Meta regression and stratified analyses on year of publication, 
region, patients’ average age and sample size will be performed to 
identify the source of heterogeneity if necessary.

RESULTS
Study characteristic
The combined search strategies identified 11 diagnosis tests,10–21 
including 1350  patients that met the inclusion criteria. Ten of the 
studies were reported in English, and one was in Chinese. The 
characteristics and the quality score of the quality assessment of the 
11 studies are presented in Table 1. All trials were deemed middle or 
high quality.

Diagnostic accuracy of follicle‑stimulating hormone
Figure  1 displays the sensitivity, specificity and DOR estimates 
from each of the 11 studies. Both sensitivity and specificity 
estimates were highly variable. Summary measures were grossly 
heterogeneous (P < 0.05) and therefore would not be appropriately 
summarized. The SROC curve displays an ROC‑type trade‑off between 
sensitivity and specificity. The AUC (Figure 2) of the 11 studies was 
0.72 ± 0.04, with a sensitivity of 0.70 (0.66–0.73) and a specificity of 
0.62 (0.58–0.66).

Heterogeneity analysis
We performed meta regression and stratified analyses to identify 
sources of heterogeneity among these studies. Table 2 presents two 
factors that appeared most strongly associated with the observed 
heterogeneity. Studies in region 1 produced DOR estimates nearly 
4 times higher than studies in other regions, and the former showed an 
AUC >0.7. Studies with patients’ average age under 33 produced DOR 
estimates nearly 4 times higher than studies with patients’ average age 
above 33, and the former showed an AUC >0.7.

DISCUSSION
This is, to the best of our knowledge, the first systematic review with 
a meta‑analysis of the diagnostic value of noninvasive parameters for 
SRR in patients with NOA before TESE/MESE.

Our pooled analysis for FSH in predicating SRR in patients with 
NOA showed that the AUC of FSH’s diagnostic value was 0.72 ± 0.04. 
As far as is known, AUC < 0.7, 0.7–0.9, and > 0.9 mean little, moderate 
and high diagnosis value, respectively.28,29 This meta‑analysis indicated 
that FSH had a dubitable moderate diagnostic value in predicating SRR.

High sensitivity means low specificity, and DOR makes 
a balance of both. Heterogeneity of DOR showed statistical 
significance  (P  <  0.01, I2  =  71.3%). Then, meta regression and 
stratified analyses showed that region and average patients’ age were 
two factors that appeared most strongly associated with the observed 
heterogeneity. In East Asia or with younger patients, FSH showed a 
more clear diagnostic value.

Region, interestingly, had an influence on the diagnostic value 
of FSH according to this meta‑analysis, indicating that other factors 
affecting spermatogenic function might have less effects in East Asia. 
One factor draw our attention was serum and seminal leptin level. 
People in region 1 have lower body mass index than other regions,30,31 
and leptin, which impacts spermatogenic,17 is associated with this.32 
Thus patients in region 2 or 3 might have a leptin level around the 
threshold, interfering FSH’s diagnostic value.

Aging is a clear factor that impact spermatogenic function, and 
meanwhile increase FSH.33 Our results suggested that age had a greater 
influence on the former. In fact, the increase of FSH is a side‑effect of 
decrease of androgen with aging, and deficiency of androgen is also 
an etiology of dyszoospermia.

However, FSH alone is still quite not enough (AUC < 0.9). Recent 
studies17,25,33 have payed more attentions on models of combinations 
of different noninvasive parameters, for example inhibin B FSH ratio, 
and adorable AUC has been produced. Thus similar studies on other 

Table  1: Description of included studies

Year Region Study 
quality

TP FP TN FN Sum Average 
age

Ballescá et al. 2000 Spain 2 9 4 1 3 17 32.3

Amer et al. 2001 Eygpt 2 18 31 11 40 100 36.4

Vernaeve et al. 2002 Belgium 2 68 52 24 41 185 35.6

Nagata et al. 2005 Japan 3 10 7 7 38 62 35

Fei et al. 2006 China 2 8 7 1 12 28 29.6

Tunc et al. 2006 Turkey 2 28 17 3 4 52 34.5

Mostafa et al. 2007 Eygpt 2 15 10 6 9 40 35.5

Ma et al. 2011 China 2 62 18 26 40 146 31.8

Boitrelle et al. 2011 France 2 89 57 60 74 280 33.2

Ghalayini et al. 2011 Jordan 2 53 10 41 31 135 35.1

Huang et al. 2012 China 2 114 43 23 125 305 29

Total 474 256 203 417 1350

TP: true positive; TN: true negative; FP: false positive; FN: false negative
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noninvasive parameters, such as inhibin B, testis volume, leptin  and 
on models are of great value.

Our review has some limitations. Diagnosis criteria for NOA were 
different among authors. Thus only studies with the term NOA were 
included. Our analysis lacked data on FSH level for each patient. Then, 
a threshold could not be calculated. However, different threshold means 
different specificity and sensitivity, which resulting in the SROC. And 
public bias could be evidenced in the forest plot, luckily subgroup 
analyses showed little heterogeneity.

CONCLUSIONS
Follicle‑stimulating hormone had moderate diagnostic value as 
an independent predictor for SRR in patients with NOA. Region 
and patients’ age might influence its diagnostic value. FSH showed 
more diagnostic value in East Asia and with younger patients. The 
threshold was still unclear, thus, more detailed diagnosis tests should 
be anticipated in the future to confirm the diagnostic value of other 
noninvasive parameters and models of combinations of them.
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Figure 1: Sensitivity, specificity and diagnosis OR estimates from each of the 11 studies. OR: odds ratio; CI: confidence interval; df: degree of freedom.

Figure 2: SROC curve from each of the 11 studies. SROC: summary receiver 
operation characteristics; AUC: area under curve; SE: standard error; 
Q*: Q‑index.

Table  2: Stratified analyses for the evaluation of heterogeneity in 
studies

Subgroup na Summary OR (95% CI) Pb I2 AUCc

Region

1 4 9.17 (5.06–16.63) 0.19 0.374 0.81±0.04

2+3 7 2.30 (1.70–3.11) 0.81 0 0.64±0.03

Age

≤33 4 9.28 (4.79–17.98) 0.19 0.367 0.81±0.06

>33 7 2.42 (1.80–3.26) 0.45 0 0.66±0.02
aNumber of studies; bThe heterogeneity P  value; cArea under the SROC; 
Region  –  1:  China+Japan for East Asia; 2: Eygpt+Turkey+Jordan for the Middle 
East; 3: Spain+Belgium+UK+France for Europe. SROC: susmmary receiver operation 
characteristics; OR: odds ratio; CI: confidence interval; AUC: area under curve
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