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A logistic regression model including DNA status and
morphology of spermatozoa for prediction of
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To determine predictive values of routine semen analysis,
sperm morphology evaluation using strict criteria and DNA
status for in-vitro fertilization (IVF), 66 consecutive couples
undergoing IVF in a university hospital IVF programme
were prospectively investigated. Semen samples from 66
men were evaluated by routine semen analysis, morphology
evaluation using strict criteria and acridine orange staining
for determination of DNA status. A new technique is
described for acridine orange scoring which consisted of
evaluation of two smears per case, with and without heat
treatment. Resistance to heat-provoked denaturation was
determined by the difference between two evaluations. A
logistic regression model was built and receiver operating
characteristic curves were constructed to determine the
threshold values and to compare diagnostic properties.
Morphology evaluation using strict criteria and concentra-
tion of progressively motile spermatozoa were found to be
the principal parameters determining the sperm fertilizing
capacity in vitro. The logistic regression model composed
of morphology evaluation using strict criteria and acridine
orange score had a powerful diagnostic capability for
prediction of fertilization in vitro.

Key words:acridine orange score/fertilization vitro/morpho-
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Introduction

technique, spermatozoa from infertile men displayed increased
red fluorescence when compared to those from fertile men
(Evensonet al, 1980). Golanet al. (1996) demonstrated
that spermatozoa obtained from the more distal parts of
the epididymis were more mature with regard to chromatin
condensation by means of flow cytometric analysis (Golan
et al, 1996). In addition, a flow cytometric method for
evaluating the degree of sperm chromatin condensation was
developed recently, which also identified some specific chro-
matin abnormalities that may in future be related to some
specific clinical entities (Golaet al, 1997). Another method

for simplified evaluation of sperm DNA status was developed
by Tejadeaet al. (1984). Smears of semen with high proportions
of sperm heads with denatured DNA displayed red fluorescence
and were associated with decreased fertility. However, smears
from fertile men had a high proportion of mature spermatozoa
with normal DNA content, as reflected by green fluorescence.
In parallel with this finding, another study demonstrated that
spermatozoa from fertile donors had less denatured DNA
content as shown by acridine orange staining, when compared
with that of infertile men (Peluset al, 1992). Moreover, a
recent study has shown a strong relationship between the
results of acridine orange staining of smears in acid denaturing
conditions only and the fertilizing ability of spermatozoa
in vitro (Hoshi et al, 1996). However, resistance to heat
denaturation of sperm DNA was proposed as a more sensitive
technique than direct staining with acridine orange in acid
denaturing conditions, for the assessment of fertility potential
(Roux and Dadoune, 1989).

One of the current uses of IVF is to evaluate putative tests
of human sperm function (Liet al, 1988). The aims of this
study were to investigate the values of routine semen analysis,
sperm morphology evaluation using strict criteria and DNA
status for the prediction of fertilization vitro. We also aimed
to construct a logistic regression model with a good predictive

Sperm concentration, motility and morphology have beenvalue for fertilizationin vitro.

the traditional criteria used for assessment of semen quality

(Menkveldet al, 1990). When used in combination, morpho- )

logy evaluation using strict criteria and concentration ofMaterials and methods

progressively motile spermatozoa have been reported to Ife total of 66 consecutive couples undergoing their initial IVF

good predictors of in-vitro fertilization (IVF) (Enginset al, ~ ¢ycle was included in the study, following approval for human

1992). Other studies have also confirmed the prognostic valugPerimentation by our local institution. - Indications for IVF

of morphology evaluation using strict criteria in IVF (Menkveld 'r':]gllédfe;dgjrbgl _fait;)r ;(m; eSch)io ;Z‘f:;g's?g‘(eﬂ ||21)fert|||ty = 15),

etal, 199.0’ Enginset al, 1991, O_mbeIeEF al, 1994)_'_ Ovarian stimulation was undertaken using a short flare-up
Evaluation of DNA status and its relation to fer_t|I|ty has gonadotrophin-releasing hormone (GnRH) analogue and human

been a focus of research (Evensemal, 1980; Ibrahim and  mengpausal gonadotrophin (HMG) protocol. Buserelin nasal spray

Pedersen, 1988). Evensetal.(1980) first reported differential  (suprefact™, Hoechst AG, Frankfurt am Main, Germany) was

staining of human semen samples with acridine orange, basesltiated as 100ug/gid on the first day of the menstrual bleed

on the amount of denatured DNA in spermatozoa; with thisand continued until the administration of human chorionic
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gonadotrophin (HCG). After confirmation of the absence ofevaluated at a magnification 0f1000. The duration of evaluation
cystic ovarian structures>10 mm in diameter by transvaginal was limited to 40 s per field. Spermatozoa with normal DNA
ultrasonography performed on day 3 of the cycle, HMG wascontent displayed a distinct green fluorescence whereas spermatozoa
commenced (Humegon™, Organon, Istanbul, Turkey). The dosageith an abnormal DNA content gave fluorescence in a spectrum
of HMG was individualized according to follicular response asvarying from yellow—green to red. The spectrum of fluorescence
assessed by transvaginal ultrasonography and daily serum oestradaiher than distinct green colour was classified as abnormal, since
concentrations. HCG was administered (10000 IU, Pregnyl™DNA denaturation had begun (Teja@d al, 1984). Pre-incubation
Organon, Istanbul, Turkey) when two or more follicles reached omercentage of green cells was calculated and referred to as pre-
exceeded a mean diameter of 18 mm with serum oestradighcubation acridine orange staining as previously defined by Tejada
concentrations>500 pg/ml (1800 pmol/l). Follicular aspiration for et al. (1984). Acridine orange scoring was thereafter calculated by
oocyte collection was performed with transvaginal sonographicsubtracting post-incubation percentage of green cells from pre-
guidance 36 h following the administration of HCG. Minimal incubation percentage of green cells for each pair of smears
essential medium with Earle’s salts anejlutamine (Gibco BRL, (Equation 1), as follows:
Life Technologies Ltd, Paisley, Scotland; catalogue no. 31095029
supplemented with female partner’s serum in 10-15% concentratio
was used for insemination and culture media respectively. Standard g =
laboratory procedures were employed for handling of gametes and
embryos (American Fertility Society, 1991). Semen was provided All data were processed by Statistical Program for Social
within 2 h after the oocyte collection. For each sample, aSciences (SPSS Inc., Chicago, IL, USA) on an IBM compatible
suspension of motile spermatozoa was prepared by a standapgrsonal computer. Pearson’s correlation coefficients were calculated
swim-up technique (Mahadevan and Baker, 1984). Liquefied semebetween individual test results and fertilization rates. A logistic
was mixed with an equal volume of modified human tubal fluid regression analysis was done to assess the values of semen
(HTF; Irvine Scientific Co., Irvine, CA, USA) and centrifuged at parameters to predict fertilizatioim vitro and to build up a model
350 g for 5 min and the supernatant was discarded. Modifiedwith a high predictive value.
HTF (0.5 ml) was added to the pellet, mixed and the dense sperm Patients were divided into two groups according to whether or
suspension was placed at the bottom of a small test tube containingpt fertilization had occurred. Receiver operating characteristic
2.0 ml modified HTF. After being incubated for ~2 h, the sperm (ROC) curves, which are useful graphic means for comparing
suspension near the bottom of the tube was removed. The remainirjagnostic tests, were constructed and area under the curves was
suspension was centrifuged at 280for 5 min. The sperm pellet calculated for the assessment and comparison of the effectiveness
was then resuspended and diluted in the modified HTF. At theof each parameter to predict fertilization (Metz, 1978; Grigesl,,
fifth hour of oocyte collection, 50 000 motile spermatozoa werel1981; Hanley and McNeil, 1983). Optimal cut-off points that best
inseminated to each oocyte. Embryo transfer was performed 48 predicted total IVF failure for each parameter were determined by
after oocyte retrieval if fertilization had occurred. A maximum of ROC analysis. Odds ratios (OR) for each parameter, predicting
four embryos was transferred. total fertilization failure were assessed. Cohen’s kappa statistics

Conventional methods were used to evaluate the volume ofk) were calculated to assess the agreement beyond chance between
semen, sperm concentration and motility (World Health Organizationgiagnostic tests and fertilizatiom vitro; a k value of <0.4 was
1992). According to the motility pattern, two groups of spermatozoaaccepted as poor and 0.4-0.75 as good agreement beyond chance.
were recognized: slow, sluggish movement or movement of thdrinally, likelihood ratios (LR) were calculated to express the
spermatozoa hampered by an obvious, clearly visible morphologicdlkelihood of fertilization over that of non-fertilization, given
defect (group A) and rapid and linearly progressive movemennormal test result (fertilization) as negative LR (LR-) and abnormal
(group B). The total number of the spermatozoa per unit volumdest result (total fertilization failure) as positive LR (ER. The
in group B was defined as the concentration of progressivelyikelinood ratio expresses the odds that the test results occur in
motile spermatozoa. patients with infertility versus those without infertility. Thus, there

For morphology evaluation using strict criteria, a smear fromis one likelihood ratio for a positive test and another for a negative
each semen sample was prepared. The slide was air-dried for 48st. Likelihood ratios are much more stable for changes in
min, fixed for 15 s in Diff-Quik fixative prior to staining with prevalence than are sensitivity and specificity (Sacketl, 1985).
Diff-Quik solution 1 for 10 s and with Diff-Quik solution 2 for A positive likelihood ratio of<2 was considered to be inoperative,
5 s (Diff-Quik™, Dade Diagnostics, Miami, FL, USA). Sperm Wwhereas 2-5 indicated fair and 5-10 good agreement. Similarly, a
morphology was evaluated as outlined by Krugsral. (1988). negative likelihood ratio 0of>0.5 was considered to be inoperative,
At least 200 spermatozoa per patient were evaluated at whereas 0.2-0.5 indicated fair and 0.1-0.2 good agreement.
magpnification of X1000.

After insemination, the rest of the sample was used for acridine
orange scoring as follows: two smears were prepared from eacResults
sample. The smears were air dried and then fixed overnight iqrward stepwise logistic regression analysis was performed
Carnoy’s solution (methanol:acetic acid, 3:1). Once air dried againy compare the predictive values of various semen parameters

one slide was stained for 10 min with f.re.Shly Prepared acr'(.j'm:]or total fertilization failure. The semen parameters evaluated
orange stain (0.19 mg/ml). The remaining slide was staine

similarly after being incubated in 20 ml of tamponade solution €'® sper'm concentratlpn, mqtlllty, progressive - motility,
(80 mM citric acid + 15 mM NaHPQ, pH = 2.5) at 87°C for concen_tratlon _of progressive r_notlle sperma_\tozoa, morphology
5 min to induce heat-provoked DNA denaturation. Coverslips wereeValuation using strict criteria and acridine orange score.
then applied and sealed. Slides were evaluated on the same dd¥yhen the likelihood criterion was used, acridine orange
using a fluorescence microscope (490/530 nm excitation/barriececore and morphology evaluation using strict criteria
filter; Zeiss, Germany). In all, 300 spermatozoa per smear werdMEUSC) were found to be the only two significant
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e Table I. Results of ROC analysis of various semen parameters and the
logistic regression model to predict fertilizatiam vitro
Area under the curve SE (95% €l)
o8
Acridine orange score 0.807 0.072 (0.690-0.894)
Pre-incubation acridine 0.767 0.062 (0.646-0.862)
orange staining
osf Motility 0.725 0.068 (0.601-0.828)
e | MEUSC 0.834 0.051 (0.722-0.914)
fraction A0S +— Progressive motility 0.695 0.071 (0.569-0.802)
MEUSC —+— Progressively motile sperm 0.829 0.052 (0.716-0.910)
0af MODEL &= 1 concentration
o Sperm concentration 0.756 0.064 (0.634-0.853)
PMSD ¥ Model 0.867 0.045 (0.761-0.938)
SPERM DENSITY -~
02 1§ PREAO -+ 1 aStandard error (95% confidence intervals).
bp < 0.05.
MEUSC = morphology evaluation using strict criteria.
% 02 04 06 08 ; motile sperm concentrationk (= 0.58801). Pre-incubation
Falss positive raction acridine orange staining, motility and AOS had loweralues

Figure 1. Receiver operating characteristic (ROC) curves of semen (0.51852, 0-45679. and 0.43590 respectively). HQWGV(?V, at
parameters and the logistic regression model. AOS, acridine orangROC curve analysis, AOS appeared to be superior to pre-

score; MEUSC, morphology evaluation using strict criteria; ~ incubation acridine orange staining and motility to predict
MODEL, logistic regression model; PROGS, progressive motility; fartilization in vitro (Table ).
PMSD, progressive motile sperm density; PREAO, pre-incubation

acridine orange staining. To predict total fertilization failure, positive likelihood ratio

values again showed the model to have the highest predictive
value, followed by progressively motile sperm concentration
and morphology evaluation using strict criteria. These para-
meters were similarly followed by motility, pre-incubation
acridine orange staining and acridine orange score. In predicting
Equation 2: Formulation of the logistic regression model fertilization, acridine orange score, however, had the best
negative likelihood ratio, followed by morphology evaluation
using strict criteria, the model and pre-incubation acridine
orange staining. The other parameters, including moatility, had
inoperative negative likelihood ratio values (Table II).

1 + exp[-(0.5238+ 0.3388X MEUSC— 0.0808X AO9] The Pearson’s correlation coefficients between various
semen parameters and fertilization rates were also given in

ROC curves of various semen parameters and the modghpie 1. In this study, among the various semen parameters
were constructed and areas under the curves were calculatggayated, the best correlation with fertilization rate was
for the assessment, and comparison was made of the effe@pserved with morphology evaluation using strict criteria,
iveness of each parameter to predict fertilization (Figure 1)followed by acridine orange score (negative correlation). The
The area under the ROC curve of the logistic regression modejegative value for the correlation coefficient of acridine orange
was the closest to 1 and therefore appeared to be the begiore with fertilization rate means increasing DNA denaturation
predictor of fertilization. When maximum likelihood estimation i associated with decreasing fertilization rate. Acridine orange

was used to compare the area under the ROC curves, the Oiore had a stronger correlation with fertilization rate than
significant difference appeared to be between that of the modgke-incubation acridine orange staining.

and the progressive motility. The results. of ROC analysis for ag g general summary of the data and clinical outcome, the
each parameter and model are summarized in Table I. - nymber of fertilized oocytes, fertilization rate, number of
The logistic regression model had the highest OR to pred'%regnancies, number of embryo transfers, pregnancy rate per

ation using strict criteria (40.9), acridine orange score (28.0)

and progressive motile sperm concentration (20.6). Pre-incuba- ]
tion acridine orange staining had a lower OR (16.4). Discussion

Kappa values and likelihood ratios were calculated for theThe predictive value of sperm DNA status without heat-
optimum cut-off points of various semen parameters and therovoked denaturation (pre-incubation acridine orange stain-
model, in order to assess agreement with fertilizationitro  ing) for fertilization in vitro is still controversial. It has been
(Table II). The model with a cut-off point of 0.57 appeared topreviously reported to be a less predictive parameter than
have the best agreement with fertilizatiom vitro beyond morphology evaluation using strict criteria, to predict fertiliza-
chance Kk = 0.70498), morphology evaluation using strict tion failure in vitro (Claassenst al, 1992). Another study,
criteria the secondk(= 0.65263), followed by progressively aiming to build up a model for the prediction of IVF outcome,

1237

parameters to be included in the model (-2 log likelihcad
46.801, %% = 23.946 with 2 df,P < 0.0001). The model
is formulated in Equation 2:

Probability of fertilization =

1
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Table Il. Kappa values and likelihood ratios for the optimum cut-off points of various semen parameters and the model, as well as correlation between
various semen parameters and fertilization rates

Cut-off point K2 LR+P LR-S r (P

Acridine orange score 11% 0.43590 2.80 0.10 -0.583D1D(001)
Pre-incubation acridine orange staining 53% 0.51852 4.08 0.25 0.5236001)
Motility 58% 0.45679 5.44 0.52 0.440%(0.001)
MEUSC 5% 0.65263 6.31 0.15 0.6015 (0.001)
Progressive motility 44% 0.34386 2.78 0.51 0.2248 (0.07)
Progressively motile sperm concentration A510° 0.58801 7.92 0.38 0.4089 (0.001)
Sperm concentration 9% 10P 0.27273 1.90 0.33 0.3774 (0.002)
Model 0.57 0.70498 10.20 0.22 -

%: Cohen'’s kappa<0.4: poor agreement; 0.4-0.75: good agreement).

PLR+: likelihood of fertilization failure when the test result is abnormal (positive likelihood ratio).

‘LR~ likelihood of fertilization failure when the test result is normal (negative likelihood ratio).

dr (P): Pearson’s correlation coefficient between semen parameter and fertilization rate, and probability.
MEUSC = morphology evaluation using strict criteria.

Table Ill. The outcome of IVF in relation to the cut-off points of acridine orange score (AOS) and morphology evaluation using strict criteria (MEUSC)

Parameter Number of fertilized Fertilization rate Number of Number of embryo  Pregnancy/cycle Pregnancyi/transfer
oocytes (%) pregnancies transfers (%) (%)

AOS < 11 34 97.2 4 32 114 125

AOS = 11 18 56.3 3 18 9.4 16.7

MEUSC< 5 1F 54.2 2 13 8.3 15.4

MEUSC= 5 3¢ 90.7 5 37 11.6 135

8 < 0.0001.

bp = 0.002.

‘P = 0.02.

reported no significant contribution of acridine orange fluoreshas been undertaken was abnormally low for our centre. The
cence of spermatozoa to its fertilizing potential. In contrastyeason for this was later found to be due to a non-sterile batch
the in-vitro fertilizing ability of human spermatozoa was found of embryo transfer catheters.
to be related to sperm morphology (WHO criteria, 1992), One of the drawbacks of acridine orange staining is the
attributes of sperm movement (linearity and average patlsubjective interpretation of the fluorescent colour shades. The
velocity) and reactive oxygen species production (Sukcharoedistinction between the colours may even decrease when the
et al, 1996). According to a recent study, however, onlyexamination per field exceeds 40 s. Another consideration may
spermatozoa stained green by acridine orange fluorescenbe the possible fading of acridine orange fluorescence on
were able to bind efficiently to the zona pellucida. In addition,smears after heat treatment. With a flow cytometer (Evenson
the spermatozoa which fertilized oocytiesvitro were those et al, 1980) or a fluorescence activated cell sorter (Claassens
whose nuclei exhibited green acridine orange fluorescencet al, 1992), more objective interpretation can be made, albeit
(Hoshi et al, 1996). To increase the sensitivity of the testat higher cost and greater specialization.
for detection of sperm cells with chromatin abnormalities, In our study, morphology evaluation using strict criteria
combined use of acridine orange staining and heat treatmeappeared to be the best individual parameter with respect
was proposed (Roux and Dadoune, 1989). This new techniqgue Cohen’s kappa (0.65263) for the prediction of in-vitro
was thought to be promising but detailed data have not beefertilization, followed by progressively motile sperm concentra-
reported (Rouxet al, 1993). In our study, when acridine tion. There is a paucity of data on the combined effect of
orange score was normak({1%), likelihood of fertilization individual semen parameters on fertilizatiomvitro. Enginsu
was found to be superior to that of all other parameterst al. (1992) combined the results of morphology evaluation
including pre-incubation acridine orange staining (Table Il).using strict criteria and progressively motile sperm concentra-
This indicates that the more stable the sperm chromatin, thigon to predict IVF outcome, and noted that fertilization was
higher is the likelihood of fertilization. In contrast, acridine uniformly absent when morphology evaluation using strict
orange score does not appear to be a good predictor of totafiteria gave <5% normal morphology and progressively
fertilization failure. motile sperm concentration was3x10°ml; whereas the
This fact can also be seen from the results shown in Tablaighest fertilization rate was achieved when morphology evalu-
Ill. Fertilization rate was highest for the group with acridine ation was carried out using strict critetieb% normal morpho-
orange score<11%, whereas the number of fertilized oocyteslogy and progressively motile sperm concentratio8x10°/
was lowest for the group with morphology evaluation usingml. In our study, fertilizationin vitro was predicted most
strict criteria<<5%, which indicated a higher predictivity for reliably by the model composed of acridine orange score and
fertilization failure. Clinical pregnancy rate while this study morphology evaluation using strict criteria.
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In conclusion, acridine orange score is a simple, inexpensivéackett, D.L., Haynes, R.B. and Tugwell, P. (eds) (198b)ical Epidemiology

. .. Little Brown, Boston.
method for sperm DNA assessment. It has better predlcnvgukcharoen, N., Keith, J., Irvine, D.S. and Aitken, R.J. (1996) Prediction of

capacity than the previously reported pre-incubation acridine the in-vitro fertilization potential of human spermatozoa using sperm
orange staining for fertilizationin vitro. When combined function tests: the effect of the delay between testing and IN&m.

i . . . e P Reprod, 11, 1030-1034.
with morphology evaluation using strict criteria in a logistic Tejada, R.l., Mitchell, J.C., Norman, At al. (1984) A test for the practical

regression model, a higher predictive value is attained. This eyaluation of male fertility by acridine orange (AO) fluorescerfeertil.

new model may be used as a patient selection criterion for Steril, 42, 87-91.

standard IVF and assisted fertilization. World Health Organization (1992WHO Laboratory Manual for the
Examination of Human Semen and Sperm Cervical Mucus InteracBoths
edn. Cambridge University Press, Cambridge.
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