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Abstract 
The objective was to assess the outcome of pregnancies after assisted repro-
ductive technology (ART). It was a case-control study carried out in four 
health facilities in Douala-Cameroon, over a period of five years. The cases 
were pregnant women who conceived through ART and the controls were 
those who conceived naturally. Cases and controls were matched for maternal 
age and parity (one case for two controls). A logistic regression analysis was 
used to compute Odds ratios. Statistical significance was set at 0.05. A total of 
174 women who conceived through ART and 348 who conceived naturally 
were enrolled. Some independent factors associated with ART were: age over 
45 years [aOR: 7.55; 95% CI (1.55 - 36.76); p: 0.01], twin pregnancies [aOR: 
16.55; 95% CI (7.91 - 34.60); p < 0.01], Cervical cerclage [aOR: 3.04; 95% CI 
(1.23 - 7.50); p: 0.01], miscarriages [aOR: 11.73; 95% CI (5.07 - 27.10); p: 
0.01], elective cesarean section [aOR: 4.63; 95% CI (2.27 - 9.45); p: 0.01] and 
low birth weight [aOR: 3.32; 95% CI (1.90 - 5.82); p < 0.01]. Women who 
conceived by ART were older with higher rates of multiple pregnancy and 
complications. We recommend transfer of a single embryo. 
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1. Introduction 

The prevalence of infertility is high both in high income countries (5% to 10%) 
and limited resources countries (15% to 30%) [1] [2] [3]. In Sub-Saharan Africa, 
especially in central Africa, its rate is high [3] [4]. In Cameroon, 20% to 30% of 
couples suffer from infertility and the prevalence varies from one region to 
another [4]. The management of infertility involves ART which includes a wide 
spectrum of treatments. The first baby conceived through in vitro fertilization 
(IVF) was born in 1978. Since then, 5.4 million children have been conceived 
through ART worldwide [5]. More than half of the global ART is carried out in 
Europe. In France, one child in thirty-two would be born through ART. In 
United States, children conceived by ART represent 1.7% of the total number of 
births [6]. In sub-Saharan Africa, the ART is not readily accessible due to the 
high cost meanwhile the prevalence of infertility is high [7]. To afford it, Couples 
save money for many years because the treatment is not covered by insurance in 
Cameroon. They all hope to have good results (baby at home). 

Many studies have been carried out on the outcome of pregnancy after ART. 
Results revealed high risk of miscarriages, prematurity and fetal growth restric-
tion (FGR) [8] [9]. Such complications are often due to the high rate of multiple 
pregnancies induced by ART [10]. However, in the case of single pregnancies, 
several meta-analyzes showed an excess risk of prematurity (OR = 1.95; CI 1.73 - 
2.20) and of FGR (OR = 1.60; CI 1.25 - 2.04) compared to naturally conceived 
pregnancies [11] [12]. An increased risk of pre-eclampsia (OR = 1.55 CI 1.23 - 
1.95) was also found [13]. A rate of 2.2% of ectopic pregnancy after IVF and 
1.8% after natural conception was reported in USA [14]. In Douala in 2016 it 
was found that IVF increased the risk of multiple pregnancies and cesarean de-
livery by 7.5 and by 4.1 compared to spontaneous pregnancies [15]. Pregnancy 
conceived by ART therefore appears to be associated with an increase perinatal 
morbidity. It is worth noting that, these results in Douala concerned one ART 
method (IVF) and where from a single center. However, there are 2 centers in 
Douala where almost all ART techniques are practiced necessitating an evalua-
tion of the outcome of pregnancies after ART in these centers. 

2. Materials and Methods 

A case-control study was carried out from January 1st, 2014 to December 31, 
2018. Participants were enrolled from four health facilities in Douala: Douala 
General Hospital, Bel Air Plus Clinic, Odyssée Medical Clinic (OMC) and Cli-
nique de l’Aéroport (CDA). OMC and CDA being health facilities where ART is 
carried out. A case was a pregnant woman who conceived by ART (positive 
pregnancy test) and the control was the consecutive woman with positive preg-
nancy test coming for antennal consultation who conceived naturally. Cases and 
controls were matched for antenatal age and parity ± 1 with a matching ratio of 
1:2 for cases and controls respectively. Due to the rarity of spontaneous preg-
nancies from 43 years and above, the cases and controls of this age group were 
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all matched together respecting the parity ± 1. ART techniques used in the 2 
centers were IVF, Intracytoplasmic Sperm Injection (ICSI), insemination, ova-
rian stimulation without insemination, gametes donation especially in women 
aged 42 years or more or in men with azoospermia. Cryopreservation of sperm, 
oocytes, and embryos was also done, with embryo transfer later on. Preimplan-
tation genetic diagnosis and gamete intrafallopian transfer (GIFT) are not of-
fered in these centers. 

2.1. Data Collection 

The data of the participants were collected using standardized survey question-
naires and subsequently reviewed. These data were obtained from the ART unit 
files, antenatal care records, delivery and hospitalization records. The variables 
evaluated were; maternal age, marital status, religion, level of education, profes-
sion, Mode of conception (spontaneous or by ART), medical and surgical past 
history, gynecological and obstetrical history, pregnancy course and antenatal 
complications, mode of delivery, complications during labor and the status of 
the infant at birth. Surrogate mother files were excluded. 

2.2. Ethical Clearance  

Ethical clearance was obtained from the ethics committee of the University of 
Douala (№ 1681 CEI-Udo 02/2019/T) and authorization from the directors of 
the study health facilities was granted. The study was carried out with respect of 
the fundamental principles of medical research. 

2.3. Data Analysis 

Data were recorded and processed using Statistical software EPI info version 
3.4.5. Quantitative variables were expressed as mean ± SD and qualitative va-
riables were expressed as numbers with percentages. In the univariate analysis, 
qualitative variables (outcomes of pregnancies conceived by ART or naturally) 
were compared using the chi-squared or Fisher exact test for dichotomous va-
riables. Quantitative variables were compared using the Student t test. Statistical 
significance was set at p < 0.05. Multivariate logistic regression was used to de-
termine factors that were independently associated with outcome of pregnancy 
after ART. Variables with p ≤ 0.08 in univariate analysis were included in the 
model. 

3. Results 

The mean age was 37.9 ± 6.1 years for cases (range 24 - 56) and 37.3 ± 5.2 for 
controls (range 24 - 47). Age group > 45 years (OR: 8.71), business as profes-
sion (OR: 2.39), marital status (OR: 2.63), high level education (OR: 1.67) and 
Catholic religion (OR: 2.12) were significant associated factors to ART (p < 0.01) 
(Table 1). 

Intra cytoplasmic Sperm Injection (ICSI) with transfer of fresh embryo was 
the most common used technique (Table 2). 
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Table 1. Socio-demographic characteristics of studied population.  

 Case control Total OR (CI 95%) P-value 

Variables n = 174 (%) n = 348 (%) N = 522 (%)   

Age      

[24 - 30] 23 (13.2) 46 (13.2) 69 (13.2) 1 (0.58 - 1.70) 0.550 

[31 - 39] 71 (40.8) 142 (40.8) 213 (40.8) 1 (0.69 - 1.45) 0.540 

[40 - 45] 64 (36.8) 156 (44.8) 220 (42.1) 0.72 (0.49 - 1.04) 0.050 

>45 16 (9.2) 4 (1.1) 20 (3.8) 8.71 (3.00 - 30.63) <0.001 

Profession      

Public sector 57 (32.8) 96 (27.6) 153 (29.3) 1.28 (0.86 - 1.9) 0.130 

Private sector 57 (32.8) 121 (34.8) 178 (34.1) 0.91 (0.62 - 1.34) 0.360 

Business 33 (19.0) 31 (8.9) 64 (12.3) 2.39 (1.4 - 4.07) <0.001 

Students 13 (7.5) 24 (6.9) 37 (7.1) 1.09 (0.53 - 2.19) 0.470 

House wife 7 (4.0) 53 (15.2) 60 (11.5) 0.23 (0.1 - 0.5) <0.001 

Small business 7 (4.0) 23 (6.6) 30 (5.7) 0.59 (0.23 - 1.37) 0.160 

Marital status      

Maried 145 (83.3) 228 (65.5) 373 (71.5) 2.63 (1.68 - 4.2) <0.001 

Single 29 (16.7) 120 (34.5) 149 (28.5) 0.38 (0.24 - 0.6) <0.001 

Level of education      

Secondary 60 (34.5) 163 (46.8) 223 (42.7) 0.6 (0.41 - 0.87) <0.001 

University 114 (65.5) 185 (53.2) 299 (57.3) 1.67 (1.15 - 2.45) <0.001 

Religion      

Catholic 134 (77) 213 (61.2) 347 (66.5) 2.12 (1.41 - 3.23) <0.001 

Protestant 32 (18.4) 101 (29.0) 133 (25.5) 0.55 (0.35 - 0.86) 0.010 

Muslim 2 (1.1) 7 (2.0) 9 (1.7) 0.57 (0.08 - 2.58) 0.380 

Other religion 6 (3.4) 26 (7.5) 32 (6.1) 0.44 (0.16 - 1.06) 0.050 

OR: Odds ratio; CI: Confidence interval. 

 
Table 2. Methods of assisted reproductive technology.  

ART methods Number % 

Ovulation induction 004 2.3 

Artificial insemination with male partner’s semen 006 3.4 

Donor insemination 004 2.3 

In-vitro fertilisation with intra-conjugual fresh embryo transfer 031 17.8 

Intracytoplasmic sperm injection with fresh embryo transfer 056 32.2 

In-vitro fertilisation with donor ovocyte and fresh embryo transfer 041 23.6 

In-vitro fertilisation with donor sperm and fresh embryo transfer 013 7.5 

In-vitro fertilisation with donate fresh embryos and transfer 007 4.0 

In-vitro fertilisation with donate frozen embryos 012 6.9 

Total 174 100 

ART: Assisted Reproductive Technology. 
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ART increased the risk of twin pregnancy by 17.96 [9.51 - 35.6] (p < 0.001). 
We found 10 triple pregnancies (5.7%) and 1 quadruple (0.6%) exclusively in the 
case group. Compared to the trend in spontaneous pregnancies, increase threat-
ening abortion and premature labor in the ART group was insignificant. ART 
multiplied the risk of cerclage by 4.15. Pregnant women who conceived by ART 
had 8.2 times increased risk of early miscarriages (Table 3). 

Women who conceived through ART had 1.97 fold higher odds of having 
preterm babies. The ART group had significantly high cesarean delivery rate 
(81%) compared to the control group (40.8%), P < 0.001; mainly elective caesa-
rian section (Table 4). The most common indications were precious baby, ad-
vanced maternal age and multiple pregnancies. 

 
Table 3. Pathologies and outcome of pregnancies. 

 Case control Total OR (CI 95%) P 

Variables n = 114 (%) n = 175 (%) N = 289 (%)   

Hospitalisation      

Yes 106 (60.9) 109 (31.3) 215 (41.2) 3.42 (2.34 - 5) 0.000 

No 68 (39.1) 239 (68.7) 307 (58.8)   

Vomiting      

Yes 7 (6.1) 1 (0.6) 8 (2.8) 11.38 (1.71 - 259.8) 0.010 

No 107 (93.9) 174 (99.4) 281 (97.2)   

Urinary tract Infection      

Yes 15 (13.3) 38 (21.7) 53 (18.4) 0.55 (0.28 - 1.05) 0.050 

No 98 (86.7) 137 (78.3) 235 (81.6)   

Gestational diabetes      

Yes 5 (4.4) 6 (3.4) 11 (3.8) 1.29 (0.35 - 4.53) 0.450 

No 109 (95.6) 169 (96.6) 278 (96.2)   

Hypertension in pregnancy      

Yes 9 (7.89) 12 (6.85) 21 (7.26) 1.36 (0.23 - 2.88) 0.310 

No 105 (92.11) 163 (93.15) 234 (92.74)   

Placenta Prævia      

Yes 5 (4.4) 11 (6.3) 16 (5.5) 0.68 (0.21 - 2) 0.340 

No 109 (95.6) 164 (93.7) 273 (94.5)   

TA/TPD*      

Yes 74 (64.9) 70 (40) 144 (49.8) 2.78 (1.7 - 4.54) 0.000 

No 40 (35.1) 105 (60) 145 (50.2)   

Early Miscarriage      

Yes 42 (24.1) 13 (3.7) 55 (10.5) 8.2 (4.31 - 16.22) <0.001 

No 132 (75.9) 47 (89.5) 467 (89.5)   

Cervical cerclage      

Yes 45 (25.9) 27 (7.8) 72 (13.8) 4.15 (2.47 - 7.02) <0.001 

No 129 (74.1) 321 (92.2) 450 (86.2)   

OR: Odds ratio; CI: Confidence interval; TA/TPD: Threaten Abortion/Threaten Preterm Delivery. 
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Table 4. Term and mode of delivery. 

 Case Control Total OR (95% CI) P-value 

Variables n = 174 (%) n = 348 (%) N = 522 (%)   

Term at delivery      

[28 - 32[      

Yes 9 (5.2) 18 (5.2) 27 (5.2) 1 (0.42 - 2.26) 0.570 

No 165 (94.8) 330 (94.8) 495 (94.8)   

[32 - 37[      

Yes 33 (19.0) 37 (10.6) 70 (13.4) 1.97 (1.17 - 3.28) 0.010 

No 141 (81.0) 311 (89.4) 452 (86.6)   

[37 - 41[      

Yes 81 (46.6) 260 (74.7) 341 (65.3) 0.29 (0.20 - 0.43) <0.001 

No 93 (53.4) 88 (25.3) 181 (34.7)   

>41      

Yes 0 (0.0) 1 (0.3) 1 (0.2) 0 (0.00 - 38.00) 0.670 

No 174 (100.0) 347 (99.7) 521 (99.8)   

Mode of delivery n = 121 n = 316 N = 437   

Vaginal delivery 23 (19) 187 (59.2) 210 (48.1) 0.16 (0.1 - 0.27) <0.001 

Cesarean delivery 98 (81) 129 (40.8) 227 (51.9) 618 (3.74 - 10.38) <0.001 

Type of C/S* n = 98 n = 129 N = 227   

Elective 72 (73.5) 63 (48.8) 135 (59.5) 5.9 (3.73 - 9.32) <0.001 

Emergency C/S* 26 (26.5) 66 (51.2) 92 (40.5) 1.04 (0.61 - 1.72) 0.490 

OR: Odds ratio; CI: Confidence interval; C/S*: Cesarean section. 

 
Concerning fetal outcomes, participants in the ART group had a higher inci-

dence of birth weight less than 1500 grams and weight between 1500 - 2500 grams 
compared to the naturally conceived group. The 10-min Apgar scores were sim-
ilar in both groups but 1st and 5 min Apgar scores were better in the group of 
participants with spontaneous pregnancies (Table 5). 

In multiple regression analysis, women with ART were at greater risk of hav-
ing twin pregnancy (adjusted Odd ratio (aOR): 16.55 [CI: 7.92 - 34.60]; p < 
0.001), been hospitalized (aOR: 2.09 [CI: 1.01 - 4.29]; p: 0.0456), having more 
than 10 antenatal cares (aOR: 6.57 [CI: 1.79 - 24.07]; p: 0.0045), cervical cerclage 
(aOR: 3.05 [CI: 1.55 - 36.8]; p: 0.0156), miscarriages (aOR: 11.73 [CI: 5.08 - 
27.10]; p < 0.001), elective caesarean section (aOR: 4.64 [CI: 2.27 - 9.46]; P < 
0.001) and low birth weight (aOR: 3.33 [CI: 1.90 - 5.82]; p < 0.001).  

Concerning the socio-demographic characteristics, the following factors were 
independently associated with ART: advanced age (aOR: 7.55 [1.55 - 36.8]; p: 
0.0123), business profession (aOR: 3.28 [1.34 - 8.03]; p: 0.0092), married status 
(aOR: 3.57 [1.82 - 7.01]; p: 0.0002), higher education level (aOR: 3.13 [1.65 - 
5.92]; p: 0.0005). 
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Table 5. Outcome of the new born. 

 Case Control Total OR (CI 95%) P-value 

Variables n = 184 (%) n = 324 (%) n = 508 (%)   

Weight      

<1500 10 (5.2) 6 (1.8) 16 (3.1) 2.95 (1.05 - 8.86) 0.030 

[1500 - 2500[ 60 (31.1) 40 (12.1) 100 (19.1) 3.27 (2.08 - 5.14) <0.001 

[2500 - 4000[ 111 (57.5) 258 (78.2) 369 (70.6) 0.38 (0.26 - 0.56) <0.001 

≥4000 3 (1.6) 20 (6.1) 23 (4.4) 0.24 (0.06 - 0.77) 0.010 

Sex      

Male 77 (39.9) 140 (42.4) 217 (41.5) 0.9 (0.63 - 1.29) 0.320 

Female 107 (55.4) 184 (55.8) 291 (55.6) 0.99 (0.69 - 1.41) 0.510 

Apgar 1st Minute      

[0 - 3] 1 (0.5) 5 (1.5) 6 (1.1) 0.34 (0.01 - 2.47) 0.280 

[4 - 7] 56 (29) 66 (20) 122 (23.3) 1.64 (1.08 - 2.47) 0.010 

[8 - 10] 127 (65.8) 253 (76.7) 380 (72.7) 0.59 (0.4 - 0.87) 0.010 

Apgar 5th Minute      

[0 - 3] 0 (0) 2 (0.6) 2 (0.4) 0 (0 - 5.94) 0.400 

[4 - 7] 29 (15) 25 (7.6) 54 (10.3) 2.16 (1.22 - 3.83) 0.010 

[8 - 10] 155 (80.3) 297 (90) 452 (86.4) 0.45 (0.27 - 0.75) <0.001 

Apgar 10th Minute      

[0 - 3] 1 (0.5) 1 (0.3) 2 (0.4) 1.71 (0.04 - 67.02) 0.600 

[4 - 7] 3 (1.6) 5 (1.5) 8 (1.5) 1.03 (0.2 - 4.49) 0.620 

[8 - 10] 180 (93.3) 318 (96.4) 498 (95.2) 0.52 (0.23 - 1.19) 0.080 

Outcome      

Alive 157 (78.8) 308 (93.3) 465 (88) 0.26 (0.15 - 0.46) <0.001 

Death 27 (13.5) 16 (4.8) 43 (8) 3.06 (1.59 - 5.96) <0.001 

OR: Odds ratio; CI: Confidence interval. 

4. Discussion 

Intracytoplasmic sperm injection was the most used ART technique. Women 
who conceived by ART were older and had more complications like miscarriages 
and preterm deliveries than those who conceived naturally. 

4.1. Socio-Demographic Characteristics 

The average age of the population was similar to that of Belinga et al. in 2019 (37 
± 8 years) in Yaoundé [16]. The main age group was 40 - 45 years. The natural 
history of infertile woman in our environment justifies this advanced age: in 
general as long as they are young, they do not understand that they can be 
treated by ART. Sometimes, because of lack of finances and the false hope given 
by charlatans, couples seek medical treatment lately. Moreover, Cameroonian 
legislation does not limit the age access to ART. The average age was lower in 
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other studies of the sub-region (33 ± 4 years) and higher in others (43.7 ± 3.5 
years) [17] [18]. 

Business women were more involved with the ART. Some authors have found 
similar results [15]. This could be explained by the fact that business offers suffi-
cient financial autonomy since ART is usually inaccessible due to its cost and 
expenses incurred are not reimbursed by insurance companies in Cameroon. 

Stable couples (living with the partner) are more likely to be involved in ART 
process as observed in this study. The same observation was made by Silva et al. 
in 2019 in Brazil, Egbe et al. in 2016 in Douala [15] [19]. The decision to start 
ART process may be easier for couples than for singles.  

4.2. Maternal Outcome 

ART was associated with increased risks of vomiting; threaten abortion and pre-
term delivery which could be due to the high frequency of multiple pregnancies 
in this group. Our results corroborate those of Kallen et al. who had found an 
increase in maternal pathologies in pregnancy in case of IVF [20].  

Hypertension in pregnancy did not differ in the 2 groups. These results differ 
from other studies which showed an increased risk of hypertension in pregnancy 
in the event of single pregnancy resulting from ART [11] [13]. Our results could 
be due to the fact that, groups were matched for age and parity which are risk 
factors for hypertension in pregnancy. 

Contrary to the result of meta-analysis of Jackson et al. who observed an in-
crease of gestational diabetes in pregnancy by ART [11], we found similar inci-
dences in the two groups. Our conclusion is similar to that of Schieve et al. who 
found no difference in the incidences of gestational diabetes in cases of sponta-
neous pregnancies and those after ART [21].  

Cervical cerclage was most often realized in the ART group; the main indica-
tion being multiple pregnancy. Other authors found that performing a cervical 
cerclage is beneficial for the reduction of preterm birth and the prolongation of 
pregnancy in twin pregnancies with a cervical length of <15 mm or dilated cer-
vix of >10 mm. However, the benefit of this procedure in twin pregnancies with 
normal cervical length is not evidence based [22]. It may rather be a source of 
infection responsible for late miscarriages in our environment. 

There was an association between ART and cesarean delivery. Egbe et al. and 
Kallen et al. had similar results [7] [20]. In Jackson’s meta-analysis, there was an 
increased risk of planned cesarean section in participants who underwent ART 
[11]. The increased frequency of C/S is more often due to multiple pregnancies, 
advanced maternal age, and increase frequency of preeclampsia. More often, we 
have increased stress of the obstetrician and the patient because of what is often 
termed “precious pregnancy”, due to longer duration of infertility and amount 
of money spend for ART. 

4.3. Fetal Outcome 

In studied centers, usually 3 to 4 fresh embryos are transferred but recent studies 
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have shown that the cumulative live birth rate is as good as or better with single 
embryo transfer over 2 cycles than with two embryos transferred in 1 cycle, 
while greatly reducing the probability of a multiple birth [23]. In our country 
there is no written law on ART. The transfer of embryos is then done arbitrarily 
and depends on the clinician and the patient’s request. Although clinicians are 
aware of the risk of multiple pregnancies, they still allow themselves to transfer 
more embryos sometimes due to the financial difficulties that patients have to 
pay for ART. The rate of twin pregnancies in the ART group was similar to that 
reported in the literature and significantly differed from the control group. The 
CDC published the rate of twin or triplet pregnancy after ART of 46%; Ikeche-
belu et al in Nigeria found 52.4% which was higher than the value found in our 
study (45.4%) [6] [18]. There is need for our team to conform to current norms 
regarding number of embryos to be transferred.  

Early spontaneous abortions are common complications of ART [8] [9] [18] 
[24]. However, some authors found that the high rate of miscarriage was mainly 
related to the risk factors of the patient, especially age. Pezeshki et al. found that 
infertile women who conceived after ART are not at increased risk for sponta-
neous abortion compared with women who conceived naturally [25]. The dif-
ference in the incidence of abortions in both groups persists after matching par-
ticipant by age in our study. Our findings may be due to the fact that early mis-
carriage after natural conception are often diagnosed and managed in hospitals 
of lower category.  

Assisted reproductive technology was associated with prematurity. Studies in 
large populations, including meta-analyzes had similar findings [6] [15] [21] 
[24]. This could be explained by the high frequency of multiple pregnancies as-
sociated to ART. However, in the case of single pregnancies, some meta-analyzes 
still showed the excess risk of prematurity compared to naturally conceived 
pregnancies [11]. 

The risk of low birth weight after ART is most often linked to the occurrence 
of multiple pregnancies. We found low birth weight as a factor associated with 
pregnancy after ART. Several authors have the same findings [6] [8] [9] [21] 
[24]. The low birth weight in this study could be explained by the high frequency 
of multiple pregnancies after ART (45.4% versus 3.4%). Furthermore, the effects 
of advanced maternal age need to be considered since many women who un-
dergo ART are older thus being more likely to have pregnancy complications.  

Several studies have reported an increase of perinatal mortality, including sin-
gle pregnancies obtained by ART [6] [11]. In this study, there was an increase 
incidence of mortality in ART group compared to controls. Jackson et al. found 
a two fold increase risk in perinatal mortality in the ART group compared to 
their counterparts [11]. 

5. Conclusion 

The following factors were independently associated with ART: advanced ma-
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ternal age, multiple pregnancies. ART increased obstetrical complications like 
spontaneous abortions, premature births, low birth weight, neonatal resuscita-
tion and perinatal deaths. Cesarean delivery rate was significantly higher in ART 
group with elective cesarean deliveries indicated for “precious” pregnancy. Al-
though these data were already reported, almost all were from developed coun-
tries. Data from developing countries are lacking thus the interest of the present 
study. We recommend reviewing the age of patients admitted for ART, making 
transfer of a single embryo and developing neonatal services. 

Study Limitations 

ART Protocols and antenatal care were not standardized in different centers. 
Groups were not matched according to the type of pregnancy (singleton or mul-
tiple) and gestational age.  
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