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Abstract
BACKGROUND 
Female infertility with unknown causes (unexplained) remains one of the 
mysteries in the reproductive health field, where the diagnostic evidence is still 
weak and the proposed treatments still work with unknown methods. However, 
several studies have proposed some possible causes and risk factors for 
unexplained female infertility.

AIM 
To characterize and identify factors associated with unexplained infertility in 
Sudanese women.

METHODS 
A matched (age and body mass index) case-control study was conducted from 
March 2021 to February 2022. The study samples were 210 women with unex-
plained infertility (UI) and 190 fertile women of reproductive age who were 
attending the maternity hospitals and fertility clinics in Khartoum, Sudan. The 
risk factors of unexplained infertility were identified using a structured, pre-
tested questionnaire containing information on socio-demographic variables, 
anthropometrics, clinical diagnosis of infertility, behavioral factors, physical 
activity assessment, diversity, and consumption of different food groups by the 
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study participants.

RESULTS 
The results showed a higher proportion of women diagnosed with UI were residents of rural areas 
than controls (21.4% vs 11.1%, P < 0.05), and previous miscarriages and/or abortions were more 
common in fertile women compared with infertile women (13.16% vs 5.71%, P < 0.05). 
Additionally, infertile women had a significantly (P < 0.05) higher proportion of family history of 
infertility (explained and unexplained) compared with controls. Finally, after controlling for the 
effects of potentially confounding variables using multivariable logistic regression analysis, only 
marital status, family history of infertility, use of modern contraceptives, smoking, caffeine 
consumption, physical activity level, meals consumed, other vitamin-A-rich fruits and vegetables, 
and other vegetables were found to be significant (P < 0.05) factors associated with unexplained 
infertility among Sudanese women.

CONCLUSION 
Married women with a family history of infertility who smoke and consume a high amount of 
caffeine, who live a sedentary lifestyle, and who consume more than two meals free of vitamin-A-
rich fruits and/or vegetables and/or other vegetables per day are at the highest risk of developing 
unexplained infertility.

Key Words: Unexplained infertility; Sudanese women; Risk factors; Dietary diversity; Physical activity level

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A matched (age and body mass index) case-control study was conducted to characterize and 
identify factors associated with unexplained infertility in Sudanese women. Four hundred women of 
reproductive age attending the maternity hospitals and fertility clinics in Khartoum, Sudan, were included 
in this study. The result showed that married women with a family history of infertility who smoke and 
consume a high amount of caffeine, who live a sedentary lifestyle, and who consume more than two meals 
free of vitamin-A-rich fruits and/or vegetables and/or other vegetables per day are at the highest risk of 
developing unexplained infertility.

Citation: Abdullah AA, Ahmed M, Oladokun A. Characterization and risk factors for unexplained female infertility 
in Sudan: A case-control study. World J Methodol 2023; 13(3): 98-117
URL: https://www.wjgnet.com/2222-0682/full/v13/i3/98.htm
DOI: https://dx.doi.org/10.5662/wjm.v13.i3.98

INTRODUCTION
Unexplained infertility (UI) refers to a diagnosis (or lack of diagnosis) made in infertile couples in whom 
all the standard approved infertility investigations, such as tests of ovulation, tubal patency, and semen 
analysis, are normal[1,2]. A "diagnosis of unexplained infertility" may be very frustrating for an infertile 
couple and is often interpreted as if there is no explanation for the cause of infertility, so there is no 
effective treatment"[3]. Importantly, the prognosis of UI is worse when the duration of infertility 
exceeds 3 years and the female partner is > 35 years of age[4].

Furthermore, the unexplained infertility estimates vary, and the likelihood that all such tests for an 
infertile couple are normal (i.e., that the couple has unexplained infertility) is approximately between 
10% and 37% for all couples worldwide, and usually, female-related causes are responsible for 50% of it
[4-9].

In Africa, the unexplained infertility prevalence is higher than that of other continents and ranges 
from 10%–37%[6,7]. In Sudan, a systematic review and meta-analysis found that the pooled prevalence 
of unexplained infertility in the Sudanese population is 17% with a confidence interval from 10% to 24%
[6].

The high prevalence of unexplained infertility worldwide, especially in limited-resource countries 
like Sudan, implies that the current assessment of the human reproductive system is far from perfect. 
Nevertheless, significant improvements in diagnostic tools and assisted reproductive technologies have 
led to the finding of many causes of infertility that in the past had only been suspected, but, up until 
now, some causes of female infertility are still unknown. Subsequently, there is a need to search for 
more answers to the causes of female infertility to create better treatment options for patients.

https://www.wjgnet.com/2222-0682/full/v13/i3/98.htm
https://dx.doi.org/10.5662/wjm.v13.i3.98
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Unexplained female infertility is considered one of the hot topics in reproductive medicine, and has 
been studied extensively; nevertheless, the studies in the area of diagnosis and treatment of unexplained 
female infertility didn't give concrete answers to the must-answer questions about the diagnosis and 
treatment of unexplained female infertility, whereby the diagnostic evidence is still weak and the 
proposed treatments still work with unknown methods. However, these studies have proposed some 
possible causes and risk factors for unexplained female infertility.

Studies conducted in low and low-middle-income countries showed that sociodemographic charac-
teristics such as high body mass index (BMI), high waist-to-hip ratio (WHR), age older than 35 years, 
late marriage age, residence in rural and agricultural areas, low educational attainment, and 
unemployment were found to be significant risk factors for female infertility[8,10-16]. Furthermore, 
three systematic review and meta-analysis studies found a strong association between smoking and 
female infertility, whereby the pooled estimation showed that smoking women have a 1.8 times higher 
risk of developing infertility than women who do not smoke. Also, the same studies found a significant 
relationship between female infertility and alcohol consumption[10,17,18].

Additionally, other studies showed that high caffeine consumption was significantly associated with 
female infertility[12,19]. Meanwhile, several studies have found a negative significant association 
between increased physical activity level and unexplained female infertility[20], with sedentary women 
3.61 times more likely to have unexplained infertility than moderately or very active women[19,21,22].

Furthermore, studies conducted in Iran and France found that women with a family history of 
infertility were 3.88 times more likely to develop unexplained infertility than women who did not have 
any close relatives who had experienced infertility previously[21,23]. This conclusion leads us to 
consider genetic factors as causes of unexplained infertility.

The previous history of abortion in women was one of the significant risk factors related to female 
infertility, whereby women with a previous history of abortion were more likely to have infertility in 
comparison to women without any previous history of abortion, with odds ratios of 9.33, 1.63, and 
2.381, respectively, for Nigerian citizens[24], southeast Iranian citizens[23], and central Iranian citizens
[25]. Some reports listed the use of contraceptives as a possible risk factor for female infertility[23,24]; in 
contrast, other reports found opposite results[13,26]. Therefore, there is still a need to find the 
association between the use of contraceptives and unexplained female infertility.

It is well known that nutritional status and the selection of food groups and supplements are crucial 
determinants of normal reproductive function. World Health Organization (WHO) and the Food and 
Agriculture Organization of the United Nations (FAO) described ten essential food groups for normal 
reproductive function in women of reproductive age[27,28]. Interestingly, in the available literature, 
there is no study about the effect of nutrition and diet diversity on unexplained female infertility, and 
the available evidence is only reported from cases of explained female infertility.

An 8-year prospective cohort study conducted by Chavarro et al[29], about the association between 
dietary diversity, eating habits, and the risk of female infertility, laid the basic foundation of what is 
now called a "fertility diet," which is a diet intended to increase the chances of women in the 
reproductive age of ovulation through changes in eating patterns and physical activity, whereby women 
with a high fertility diet score tend to have long menstrual cycles, normal reproductive hormone levels, 
and normal ovarian folliculogenesis. In addition, the findings of this study showed that the high fertility 
diet score was characterized by a lower intake of trans fat with a greater intake of monounsaturated fat; 
a lower intake of animal protein with a greater vegetable protein intake; a higher intake of high-fiber, 
low-glycemic carbohydrates; a greater preference for high-fat dairy products; a higher plant-based iron 
intake; and a higher frequency of multivitamin use[29]. Similarly, a nested case-control study in a 
Spanish cohort of 2154 female university graduates found that women with the highest adherence to the 
Mediterranean diet (characterized by high consumption of fruits and vegetables, fish, and poultry, low-
fat products, and olive oil, which provides monounsaturated fat, and low consumption of red meat and 
sweets) are less likely to experience fertility difficulties[30].

Based on an extensive review of the existing literature about the risk factors of unexplained female 
infertility, the current study investigates sociodemographics, clinical history, dietary diversity, and 
consumption of different food groups as distinguishing factors associated with unexplained female 
infertility. More studies are needed to keep track of localized trends in infertility for better clinical 
management and research strategy as there is more variety and trends in unexplained infertility issues 
globally.

The present study highlights the characterization of unexplained infertility among Sudanese women 
and identifies factors associated with unexplained female infertility. The study outcome will contribute 
to the existing limited knowledge of unexplained female infertility and also have great significance for 
infertility program coordinators and policymakers as they design and implement effective strategies for 
preventing and managing female infertility.
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MATERIALS AND METHODS
Study design and period
The objectives of this study were achieved using a prospectively matched age and BMI case-control 
design. The study was carried out during the period from March 2021 to February 2022.

Study population, setting, and area
Prof. El-Sir Abo Elhassan Fertility Center, Omdurman Maternity Hospital, Nile Fertility Center, 
Khartoum Reproductive Health Care Center, Sudan Assisted Reproductive Clinic, University of 
Khartoum Fertility Center, Saad Abualila Teaching Hospital, Banoun Fertility Center, and Hawwa 
Center for Fertility were all used to collect study samples. Those centers were purposefully selected 
because they are the largest centers providing assisted conception and modern antenatal care in Sudan.

Study participants’ selection and eligibility criteria
The current study targeted 420 Sudanese women between the ages of 18 and 44. The case group 
included 210 women with unexplained infertility; the women were chosen using a systematic random 
sampling technique from patients who had tried but were unable to conceive for at least a year 
(maintain regular unprotected vaginal sexual intercourse with their partner at least twice a week for a 
year); cases should also have regular menstruation, a normal ovarian reserve test result, open fallopian 
tubes, and a normal uterus cavity size according to the hysterosalpingography[1].

In addition, their couples should have a normal spermiogram "with a concentration of at least 15 
million sperm per milliliter, a motility value over 70 percent, and morphology of more than 4 percent 
with normal forms"[31]; the control group consisted of 210 fertile, nonpregnant women who had at least 
one healthy 2-year-old child (end of lactation).

Women were excluded from this study if they had any of the following illnesses: Hypertension, 
diabetes, endocrine disorders, autoimmune or immunocompromised conditions, a history of genetic 
disease, or sexually transmitted infections. In addition to that, women were also excluded if they were 
under the effect of anti-inflammatory medicines or if they were under the effect of hormonal contra-
ception within the last 6 mo. Finally, any women who refused to sign the informed consent form or 
withdrew during the study were excluded.

Data collection procedures and instruments
To assess unexplained female infertility risk factors, a structured pre-tested questionnaire containing 
information on socio-demographic variables, anthropometrics, clinical diagnosis of infertility, 
behavioral factors, physical activity assessment, dietary diversity, and consumption of different food 
groups by study participants was used.

The questionnaire was prepared by reviewing several relevant published articles[19,32-34] and 
adopting standardized data collection tools[22,27]. Primarily, the questionnaire was prepared in the 
English language and translated into the country's main local language (Arabic). The consistency of the 
questionnaire was checked in different phases: First, by translating it back to English and reviewing it 
with a non-affiliated researcher with good knowledge of both languages; after that, the final form of the 
questionnaire was tested for consistency using internal consistency (Cronbach's alpha of 0.73); and then 
it was pretested by distributing it among 30 women not participating in the actual study but living in a 
similar setting.

After passing all quality check-ups, the questionnaire was filled out with the help of 10 research 
assistants who are experts in reproductive health (one in each previously mentioned healthcare facility) 
and who were trained on questionnaire administration skills relevant to this study by the primary 
investigator and charged with seeking signed informed consent from the study participants. The 
completeness of the data was checked each day at the end of data collection. Incomplete data was traced 
back and edited accordingly. The follow-up of study participants was done by tracking information 
(address, phone number of the participant as well as of relatives and close friends) and making periodic 
contact (reminders, updates) to minimize loss of follow-up, and the overall follow-up and data 
collection processes were coordinated and supervised by the research assistants' and principal invest-
igator's.

Operational definition of the variables
Unexplained infertility was defined as a type of infertility that occurs when standard-approved 
infertility tests have not found a clear cause for the couple’s inability to achieve pregnancy[35].

BMI is defined as an estimation of human body fat based on height and weight. BMI is expressed in 
kg/m2, resulting from dividing body mass in kilograms by height in meters[36,37].

The WHR was defined as an estimation of fat stored around the waist and hips. The waist-hip ratio 
was calculated by dividing the waist measurement by the hip measurement.

Caffeine consumption: Caffeine is a central nervous system stimulant. It is used as a cognitive 
enhancer, increasing alertness and attentional performance. In this study, caffeine consumption was 
only from liquid sources of stimulants. It is used as a cognitive enhancer, increasing alertness and 



Abdullah AA et al. Unexplained female infertility in Sudan

WJM https://www.wjgnet.com 102 June 20, 2023 Volume 13 Issue 3

attentional performance. In this study, caffeine consumption was only from liquid sources. It is used as 
a cognitive enhancer, increasing alertness and attentional performance. In this study, caffeine 
consumption was only from liquid sources (tea, coffee, sodas, and energy drinks) and was estimated 
based on the number of drunk cups in 24 h, whereby no consumption was considered if the woman 
didn't "drink any cups of caffeine," low consumption if the woman "drank a cup or two a day," 
moderate consumption if the woman "drunk 3 or 4 cups in 24 h," and high consumption if the woman 
"drunk more than 4 cups in 24 h”.

Physical activity level is a way to express a person's daily physical activity as a number and is used to 
estimate a person's total energy expenditure. The physical activity level was estimated using a list of the 
physical activities a woman performs within a 24-h period and the amount of time spent on each 
activity. The following shows physical activity levels for several lifestyles: (Inactive = hospital patient 
with limited physical mobility; sedentary = office worker getting little or no exercise; moderately active 
= moderate physical activity at work or leisure; very active = considerable physical activity at work, e.g., 
agricultural worker (non-mechanized) or office workers who take at least moderate exercise for two or 
more hours per day; and extremely active = professional athlete or sports person, e.g., football player)
[38]. Dietary diversity is a qualitative measure of food consumption that reflects women's access to a 
variety of foods, including grains, nuts, dairy products, meat, eggs, fruits, and vegetables. Dietary 
diversity was determined based on a 7-d recall method. For each group, no consumption was 
considered "no servings per week," low consumption "1 or 2 servings per week," moderate consumption 
"3 servings per week," and high consumption "more than 3 servings per week." Servings per week were 
defined considering the consumption considered adequate in the African and Arabic diets[27,39].

Data management and statistical analysis plan
Data collected from this study were sorted and recorded in Microsoft Excel 2016, cleaned, and then 
transferred to STATA software, version 16.0 (Stata Corp LLC, 77845 Texas, United States), and Jeffrey’s 
Amazing Statistics Program, version 0.16.4.0 (JASP), for analysis. To characterize the study population, 
descriptive statistics, frequencies, and percentages for categorical data and summary statistics (mean 
standard deviation (SD) with a 95% confidence interval (CI) for continuous data normally distributed 
and median and interquartile range for continuous data not normally distributed) were used. In 
addition, tables and figures were used for data presentation. The normal distribution of the study 
variables (univariate, pairwise, and multivariate[40]) was performed using the Shapiro-Wilk test, and 
the data were considered normally distributed if the p-value was greater than 0.05.

The association between the categorical variables in the study population was checked using the chi-
square test at the statistically significant level of P = 0.05. Meanwhile, this association was estimated 
using Cramer’s V statistic effect size test, according to which it was classified, according to Kim[41], 
2017, into small, medium, and large effect sizes.

A binary logistic regression analysis (bi-variable and multivariable) was carried out to identify the 
independent predictors of unexplained infertility. All independent variables with a P value of less than 
0.05 in the bivariable logistic regression model were considered candidate variables for the 
multivariable model. Finally, the relationship was presented using a crude odds ratio and an adjusted 
odds ratio (AOR) with their corresponding 95% confidence intervals, and a P value of 0.05 or less was 
considered to be statistically significant.

RESULTS
Anthropometry and socio-demographic characteristics of study participants 
The overall response rate in the current study was 210 (100%) among cases and 190 (90.5%) among 
controls.

Finally, the study included 400 women (210 women with UI as case subjects and 190 fertile women as 
control subjects). The two study groups were matched by age and BMI. The mean age of cases was 28.59 
years with a SD of 5.22 years and a CI: of 27.87–29.3 years, while it was 28.44 years for controls (SD 4.95 
years and a CI: of 27.73–29.15 years). The mean BMI values were 24.67 (SD 4.08 and CI: 24.11–25.22) and 
24.41 (SD 4.38 and CI: 23.78–25.03) for the cases and controls, respectively. Besides, the two groups had 
almost the same mean value of the WHR [0.844 (SD 0.108 and CI: 0.829–0.859) for the cases and 0.837 
(SD 0.114 and CI: 0.821–0.854) for the controls].

In addition to the above-mentioned anthropometry parameters, other sociodemographic character-
istics of study participants, such as place of residence, marital status, education status, religious 
affiliation, and occupation, were checked. The only place of residence and marital status showed a 
statistically significant difference between the two study groups (Table 1). Wherein more women 
diagnosed with UI lived in rural areas than in urban areas (21.4% vs 11.1%, P < 0.05). Furthermore, 
when compared to controls, the vast majority of cases (99.1% vs 89.5%, P < 0.05) were married.

Meanwhile, the estimation of the effect sizes (Cramer’s V) indicated a small association between 
female unexplained infertility (age, BMI, WHR, residence, education status, and religious affiliation) 
and a medium association between female unexplained infertility and (marital status and occupation).
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Table 1 Characterization of selected anthropometry and socio-demographic variables of study participants, n (%)

Variable Categories Cases (n = 210), N% Control (n = 190), N% Effect size Cramer’s V P value

18-24 49 (23.3) 40(21.05)

25-29 87 (41.4) 91(47.9)

30-34 44 (21) 35(18.4)

35-39 23 (11) 21(11.05)

40-44 7 (3.3) 3(1.6)

0.083 0.61Age group (yr)

mean ± SD 28.59 ± 5.22 28.44 ± 4.95 NA NA

Underweight 1 (0.5) 4 (2.1)

Normal weight 127 (60.5) 111 (58.4)

Overweight 59 (28.1) 54 (28.4)

Obesity 23 (10.9) 21 (11.1)

0.073 0.53BMI (kg/m2)

mean ± SD 24.67 ± 4.08 24.41 ± 4.38 NA NA

Less than 0.75 46 (22) 54 (28.4)

075-0.84 53 (25.2) 35 (18.4)

0.85-0.90 45 (21.4) 41 (21.6)

Greater than 90 66 (31.4) 60 (31.6)

0.113 0.08WHR

mean ± SD 0.844 ± 0.108 0.837 ± 0.114 NA NA

Rural 45 (21.4) 21 (11.1)Residence

Urban 165 (78.6) 169 (88.9)

0.143 0.005

Married 208 (99.1) 170 (89.5)

Divorced1 2 (0.9) 13 (6.8)

Marital status

Widow 0 (0) 7 (3.7)

0.214 0.001

Diploma or above 89 (42.4) 85 (44.7)

Secondary edu 72 (34.3) 65 (34.2)

Primary edu 39 (18.6) 34 (17.9)

Education status

No formal edu2 10 (4.8) 6 (3.2)

0.053 0.85

Muslim 198 (94.3) 184 (96.8)Religious affiliation

Christian 12 (5.7) 6 (3.2)

0.063 0.22

Farmer 9 (4.3) 2 (1.1)

Governmental 34 (16.2) 29 (15.3)

Housewife 132 (62.9) 110 (57.9)

Private business 28 (13.3) 34 (17.9)

NGOs 1 (0.5) 6 (3.2)

Occupation

Student 6 (2.9) 9 (4.7)

0.164 0.06

1Information about, age, body mass index, and waist-to-hip ratio were reused from reference[81].
2Divorced women must have remained in regular sex in the last year intending to conceive.
3This includes the type of religious education (Khalwa). In the last column to the right, bold values indicate a significant level at P < 0.05. Cramer’s V effect 
size was classified according to Kim[41], 2017 as small effect size.
4Medium effect size. Differences between groups were compared with chi-square test. Estimated effect sizes were calculated using Cramer’s V statistic 
which is expressed as mean. Body mass index and waist-to-hip ratio status were follows World Health Organization and Centers for Disease Control and 
Prevention's classifications[36,37]. BMI: Body mass index; n: Sample size; NA: Not available; NGOs: Non-governmental organizations; SD: Standard 
deviation; WHR: Waist–hip ratio.
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History and clinical characteristics of study participants
Table 2 shows the detailed history and clinical characteristics of the study participants. In this study, the 
median duration of unexplained infertility in cases was 3 years, with a range of 1–15 years and an 
interquartile range of 3.75, compared to the controls, who had a median of 4 for marriage duration, with 
a range of 3–20 years and an interquartile range of 2. These results were not compared since they were 
dissimilar.

Interestingly, fertile women had more previous miscarriages or abortions than infertile women 
(13.16% vs 5.71%, P < 0.05).

Furthermore, the current study found that infertile women had a higher proportion of infertility in 
their families than fertile women (28.1% vs 6.3%, P < 0.05). Similarly, the proportion of unexplained 
infertility in infertile women's families was higher than in controls (13.8% vs 1.6%, P < 0.05).

However, other clinical history variables did not show any significant association (P > 0.05) with 
unexplained female infertility and were reported as follows: The majority of study participants did not 
use contraceptives (64.8% for cases vs 62.6% for controls), none of the study participants have ever 
consumed alcohol, and the majority of them do not smoke (86.2% for cases and 91.6% for controls). 
Furthermore, the caffeine consumption patterns were almost the same in the two groups, whereby no 
consumption was 3.8% for cases vs 3.2% for controls, low consumption was 32.4% for cases vs 36.3% for 
controls, moderate consumption was 31.4% for cases vs 26.8% for controls, and high consumption was 
32.4% for cases vs 33.7% for controls.

Moreover, the three (sedentary, moderately active, and very active) physical activity levels were at 
the same levels in the two groups, and the majority of the study participants had a sedentary lifestyle 
(50.5% for cases vs 48.1% for controls).

Finally, as can be seen in table 3, the estimation of the effect sizes (Cramer’s V) indicated a small 
association between female unexplained infertility and (previous miscarriage or abortion, family history 
of infertility, family history of unexplained infertility, use of contraceptives, smoking, caffeine 
consumption, and physical activity levels) and a medium association between female unexplained 
infertility and the number of miscarriages or abortions.

Dietary diversity and consumption of different food groups by the study participants
This study examined the consumption patterns of the essential ten food groups described by the WHO 
and FAO for women of reproductive age and the number of daily meals based on a 7-d recall method. 
The results found that there was no significant association (P > 0.05) between unexplained infertility and 
the consumption patterns for each of the ten essential food groups and the number of daily meals 
consumed by the study participants.

Additionally, the estimation of the effect sizes (Cramer’s V) of these associations was small for all 
studied variables.

With an in-depth look at the general features of these findings, we can conclude that almost half of 
the Sudanese women used to consume 3 meals per day (42.4% for cases vs 45.3% for controls). Besides, 
regarding the consumption pattern of specific food groups, grains, and pulses were the most consumed 
food groups by study participants, whereas nuts, meat (including red meat, poultry, and fish), and eggs 
were the least consumed food groups by both study groups equally. The fully detailed consumption 
patterns of different food groups by the study participants are described in Table 3 and Figure 1.

Factors associated with unexplained female infertility in the study participants
To identify the unexplained infertility predictor factors among Sudanese women, a binary logistic 
regression was used. The results found that from all the variables tested using the bi-variable binary 
logistic regression, only the place of residence, marital status, previous miscarriage or abortion, family 
history of infertility, family history of unexplained infertility, use of modern contraceptives, smoking, 
caffeine consumption, physical activity level, meals consumed, dairy, dark green leafy vegetables, other 
vitamin A-rich fruits and vegetables, and other vegetables were found to have significant associations 
with unexplained female infertility.

However, after controlling for the effects of potentially confounding variables using multivariable 
logistic regression analysis, only marital status, family history of infertility, use of modern contra-
ceptives, smoking, caffeine consumption, physical activity level, meals consumed, other vitamin-A-rich 
fruits and vegetables, and other vegetables were found to be significant factors associated with 
unexplained infertility among Sudanese women. The variables eligible for the multivariable logistic 
regression model are described in Table 4 and Figure 2.

In the current study, married women were 0.073 times more likely to have unexplained female 
infertility in comparison to divorced and widowed women (AOR: 0.073, 95%CI: -4.431–0.803). Another 
vital factor significantly associated with unexplained female infertility was the family history of 
infertility, whereby any woman who has a history of infertility in her family was 3.257 times more likely 
to have unexplained female infertility compared with other women who don't have any family history 
of infertility (AOR 3.257, 95%CI: 0.175-2.186).

Meanwhile, the family history of unexplained infertility didn't show any significant associations with 
unexplained female infertility in the study participants. Women who did not use any contraceptives had 
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Table 2 History and clinical characteristics of study participants, n (%)

Variables Categories Cases (n = 210), N% Controls (n = 190), 
N%

Effect size Cramer’s 
V P value

Duration of infertility/marriage 
duration (yr)

Median = 3; Range = 1-
15; IQR (3.75)

Median = 4; Range = 3-
20; IQR (2)

NC NC

Yes 12 (5.71) 25 (13.16)Previous miscarriage or abortion

No 198 (94.29) 165 (86.84)

0.133 0.02

Never 198 (94.29) 165 (86.84)

1 6 (2.86) 13 (6.84)

2 4 (1.9) 6 (3.16)

3 1 (0.48) 4 (2.1)

4 0 (0) 2 (1.05)

Number of miscarriages or 
abortions

5 1 (0.48) 0 (0)

0.164 0.08

Yes 59 (28.1) 12 (6.3)Family history of infertility

No 151 (71.9) 178 (93.7)

0.293 0.001

Yes 29 (13.8) 3 (1.6)Family history of Unexplained 
infertility

No 181 (86.2) 187 (98.4)

0.233 0.001

Never 136 (64.8) 119 (62.6)

0-3 yr 53 (25.2) 60 (31.6)

4-6 yr 16 (7.6) 9 (4.7)

More than 6 yr 5 (2.4) 2 (1.1)

Use of modern contraceptives/yr

Not in use now 0 (0) 0 (0)

0.093 0.28

Yes 0 (0) 0 (0)

Not at all 210 (100) 190 (100)

Alcohol consumption

Stopped taking 0 (0) 0 (0)

NE NE

Not at all 181 (86.2) 174 (91.6)

< 1 yr 1 (0.48) 1 (0.53)

1-2 yr 6 (2.9) 3 (1.6)

2-3 yr 9 (4.3) 5 (2.6)

Smoking1

> 4 13 (6.2) 7 (3.7)

0.093 0.54

No consume 8 (3.8) 6 (3.2)

Low consume 68 (32.4) 69 (36.3)

Moderate consume 66 (31.4) 51 (26.8)

Caffeine consumption (cup/d)2

High consume 68 (32.4) 64 (33.7)

0.063 0.72

Very active 43 (22.6) 38 (18.1)

Moderately active 51 (26.9) 71 (33.8)

Physical activity level

Sedentary 96 (50.5) 101 (48.1)

0.083 0.26

1The reported tobacco smoking in this study was in two forms [cigarettes, and shisha (water pipe)].
2Caffeine consumption was based only on liquid sources of caffeine (Tea, coffee, Sodas, and Energy Drinks).
3In the last column to the right, bold values indicate a significant level at P < 0.05. Cramer’s V effect size was classified according to Kim (2017)(41) as small 
effect size.
4Medium effect size.
Differences between groups were compared with chi-square test. Estimated effect sizes were calculated using Cramer’s V statistic which is expressed as 
mean. Physical activity level follows the WHO classification[38]. IQR: Interquartile range; n: Sample size; NC: Not Comparable due to dissimilar data; NE: 
Not evaluated in STATA due to zero value in one of the study groups.
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Table 3 Frequency (Percentage) of dietary diversity and consumption patterns of different food groups by the study participants, n (%)

Variables Categories Cases (n = 210) Controls (n = 190) Effect size Cramer’s V P value

2 50 (23.8) 44 (23.2)

3 89 (42.4) 86 (45.3)

4 42 (20) 34 (17.9)

5 24 (11.4) 21 (11.1)

Meals consumed per day

6 5 (2.4) 5 (2.6)

0.041 0.97

No consume 0 (0) 0 (0)

Low consume 0 (0) 0 (0)

Moderate consume 0 (0) 0 (0)

Grains, white roots, and 
tubers

High consume 210 (100) 190 (100)

NE NE

No consume 7 (3.3) 4 (2.1)

Low consume 27 (12.9) 36 (18.9)

Moderate consume 51 (24.3) 43 (22.6)

Pulses (beans, peas, and 
lentils)

High consume 125 (59.5) 107 (56.3)

0.091 0.36

No consume 57 (27.1) 69 (36.3)

Low consume 88 (41.9) 77 (40.5)

Moderate consume 37 (17.6) 25 (13.2)

Nuts and seeds

High consume 28 (13.3) 19 (10)

0.111 0.18

No consume 37 (17.6) 38 (20)

Low consume 89 (42.4) 64 (33.7)

Moderate consume 42 (20) 42 (22.1)

Dairy products

High consume 42 (20) 46 (24.2)

0.091 0.35

No consume 74 (35.2) 65 (34.2)

Low consume 90 (42.9) 69 (36.3)

Moderate consume 37 (17.6) 43 (22.6)

Meat, poultry and fish

High consume 9 (4.3) 13 (6.8)

0.091 0.32

No consume 44 (20.9) 49 (25.8)

Low consume 90 (42.9) 94 (49.8)

Moderate consume 60 (28.6) 36 (18.9)

Eggs

High consume 16 (7.6) 11 (5.8)

0.131 0.09

No consume 16 (7.6) 13 (6.8)

Low consume 101 (48.1) 89 (46.8)

Moderate consume 55 (26.2) 53 (27.9)

Dark green leafy vegetables

High consume 38 (18.1) 35 (18.4)

0.021 0.97

No consume 25 (11.9) 25 (13.2)

Low consume 87 (41.4) 75 (39.5)

Moderate consume 63 (30) 48 (25.3)

Other vitamin A-rich fruits 
and vegetables

High consume 35 (16.7) 42 (22.1)

0.081 0.47

No consume 26 (12.4) 33 (17.4)

Low consume 83 (39.5) 66 (34.7)

Moderate consume 57 (27.1) 49 (25.8)

Other vegetables

High consume 44 (20.9) 42 (22.1)

0.081 0.49
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No consume 28 (13.3) 30 (15.8)

Low consume 94 (44.8) 84 (44.2)

Moderate consume 56 (26.7) 46 (24.2)

Other fruits

High consume 32 (15.2) 30 (15.8)

0.041 0.88

1The significance level was set at P < 0.05. Cramer’s V effect size was classified according to Kim[41], 2017, as small effect size. Differences between groups 
were compared with chi-square test. Estimated effect sizes were calculated using Cramer’s V statistic which is expressed as mean. The four classifications 
of the consumption levels of the different food groups per week followed FAO classifications[27]. n: Sample size; NE: Not evaluated in STATA due to zero 
value in one of the study groups.

Figure 1 Food groups consumed by the study participants (n = 400). Values are given as the mean.

significantly higher odds of developing unexplained female infertility compared with those who used 
them for any period of time (AOR 0.475, 95%CI: -0.987-0.502). In addition, smoking women had a 
significantly higher risk of developing unexplained female infertility than non-smoking women (AOR 
1.276, 95%CI: 0.010–0.476).

This study also revealed that participants who had a sedentary lifestyle were more likely to have 
unexplained female infertility in comparison to participants with other lifestyles (AOR 0.423, 95%CI: 
1.240–0.481). Furthermore, women who consumed more than two meals per day had a higher 
probability of developing unexplained infertility (AOR 1.606, 95%CI: -0.169-0.778). Additionally, women 
who didn't consume vitamin-A-rich fruits and vegetables and other vegetables had higher odds of 
having unexplained female infertility in comparison to those who consumed these two food groups in 
any amount. On the contrary, as caffeine consumption increases, the odds of having unexplained female 
infertility decrease (AOR 0.407, 95%CI: 0.168–0.514) (Table 4 and Figure 2).

DISCUSSION
The purpose of this thesis research was to identify factors associated with unexplained infertility in 
Sudanese women using the chi-square test to check the association and the logistic regression test to 
identify the unexplained infertility predictor factors. The results of the current study contribute to the 
limited knowledge of unexplained female infertility and have great significance for infertility program 
coordinators and policymakers as they design and implement effective strategies for preventing and 
managing female infertility. Also, the study data will be used as a baseline for other researchers who 
want to investigate further findings in this area.

Socio-demographic characteristics of the study participants 
The current study's finding reveals that, from all studied sociodemographic variables, only the place of 
residence and marital status showed a significant association with unexplained infertility in Sudanese 
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Table 4 Binary logistic regression analysis of the factors associated with unexplained female infertility in the study participants

Predictors COR, 95%CI AOR, 95%CI

Residence

Urban Reference Reference

Rural 2.195 (0.225-1.347)a 1.996 (-0.165-1.548)

Marital status

Married Reference Reference

Divorced 0.126 (-3.576-0.571)a 0.073 (-4.431-0.803)a

Widow 0.419 (-0.922-0.386)a

Previous miscarriage or abortion

No Reference Reference

Yes 0.4 (-1.635 - 0.198)a 0.426 (-1.874-0.165)

Family history of infertility

No Reference Reference

Yes 5.796 (1.1 - 2.415)a 3.257 (0.175-2.186)a

Family history of Unexplained infertility

No Reference Reference

Yes 9.987 (1.095- 3.507)a 3.580 (-0.594-3.145)

Use of modern contraceptives/yr

Never Reference Reference

0-3 yr 0.188 (-2.147-1.191)a

4-6 yr 0.052 (-4.446-1.477)a 0.475 (-0.987-0.502)a

More than 6 yr 0.085 (-0.484-0.823)

Smoking

Not at all Reference Reference

< 1 yr 1.751 (-0.077-2.434)a

1-2 yr 2.983 (-0.251-2.437)a 1.276 (0.010-0.476)a

2-3 yr 4.102 (0.117-2.706)a

> 4 3.356 (0.176-2.245)a

Caffeine consumption (cup/d)

No consume Reference Reference

Low consume 0.254 (-2.521-0.219)a

Moderate consume 0.648 (-1.586-0.718)a 0.407 (0.168-0.514)a

High consume 0.426 (-0.802-1.512)a

Physical activity level (PAL)

Sedentary Reference Reference

Moderately active 0.237 (-1.394- 0.464)a 0.423 (-1.240-0.481)a

Very active 0.292 (-2.291- 1.145)a

Meals consumed per d

2 Reference Reference

3 4.172 (0.876-1.981)a

4 5.293 (1.006-2.326)a 1.606 (0.169-0.778)a

5 5.286 (0.899-2.432)a
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6 2.917 (-0.253-2.394)

Dairy

No consume Reference Reference

Low consume 1.551 (-0.118-0.997)a

Moderate consume 0.974 (-0.649-0.596)a 0.777 (-0.540-0.036)

High consume 0.674 (-1.015-0.226)a

Dark green leafy vegetables

No consume Reference Reference

Low consume 1.014 (-0.780-0.807)a

Moderate consume 0.789 (-1.067-0.593)a 0.730 (-0.651-0.021)

High consume 0.346 (-1.948-0.176)a

Other vitamin A-rich fruits and vegetables

No consume Reference Reference

Low consume 0.673 (-1.078-0.287)a

Moderate consume 0.469 (-1.467-0.047)a 0.540 (-0.948-0.283)a

High consume 0.131 (-2.837-1.232)a

Other vegetables

No consume Reference Reference

Low consume 0.177 (-2.543-0.920)a

Moderate consume 0.169 (-2.614-0.940)a 0.466 (-1.087-0.441)a

High consume 0.064 (-3.623-1.866)a

aIndicates a statistically significant effect at P < 0.05. Identification of female unexplained infertility predictors among clinical characteristics was done 
using a univariate and multivariate logistic regression analysis test. AOR: Adjusted odds ratio; CI: Confidence interval; COR: Crude odds ratio; n: Sample 
size.

Figure 2 Variables eligible for the multivariable logistic regression model are described. A: The polynomial association between infertility in 
Sudanese women, and marital status; B: Family history of infertility; C: Use of modern contraceptives; D: Smoking; E: Caffeine consumption; F: Physical activity level; 
G: Number of meals consumed per day; H: Other vitamin A-rich fruits and vegetables; I: Other vegetables.
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women (Table 2). Specifically, infertility with unknown causes (unexplained) was significantly 
associated with married women and women residents in rural areas. This might be due to the fact that, 
in rural areas of Sudan, there are not enough healthcare facilities providing primary healthcare services 
and consulting in general and specifically for obstetrics and gynecology[42,43]. This can lead to 
neglecting the initial symptoms of infertility, which exacerbates the infertility conditions and makes it 
difficult to diagnose and treat them.

Furthermore, sociocultural practices such as believing infertility is a curse and that you should accept 
it and not seek help from anyone other than God are still prevalent in many rural communities in 
Sudan. In support of that, in a recent cross-sectional study of infertility management strategies among 
Sudanese participants, it was discovered that nearly one-half of the participants strongly believed that 
the best strategy for infertility management is to use Qur'an and Sunna treatments[44]. Such beliefs 
make it very difficult to diagnose and treat infertility cases in these communities.

All the above-mentioned factors can partially explain the high prevalence of unexplained female 
infertility among married women in rural areas of Sudan compared with other women in urban areas. 
This is in line with the findings of other female infertility studies conducted in Iran[13], Pakistan[16], 
Cameroon[15], the Central African Republic[15], and Chad[15]. These countries have economic settings 
and religion-oriented communities similar to Sudan; therefore, it is logical to draw similar conclusions.

In this study, 95.5% of the participants were Muslims, so the religious affiliation wasn't comparable, 
thereby showing no significant association with unexplained infertility in Sudanese women. Meanwhile, 
other sociodemographic variables, like occupation and education status, were comparable between the 
two groups; nevertheless, they didn't show any significant association with unexplained infertility in 
Sudanese women.

This result corroborates other findings reported in Nigeria[24], Iran[13], Pakistan[16], Cameroon[15], 
the Central African Republic[15], and Chad[15].

On the other hand, in contrast with the findings of the current study, a study conducted on women in 
Yazd, Iran[23], found a significant association between education status and female infertility, whereby 
the infertility risk increases with high educational attainment. Interestingly enough, this conclusion 
went against all the currently available literature.

History and clinical characteristics of the study participants
The present study also investigated the clinical histories of the study participants (Table 3). Overall, the 
median duration of unexplained infertility among the case group was 3 years, ranging from 1 to 15 
years. Furthermore, this study found a significant association between the family history of infertility 
(explained and unexplained) and unexplained infertility. This may indicate that there may be some 
genetic factors for unexplained female infertility, but due to the complexity of the reproduction process 
in females, this possible gene(s) is still unknown. Nevertheless, many studies found that most infertility 
causes and conditions, such as poor egg quality or low egg reserves and blocked or damaged fallopian 
tubes, can't be inherited and can happen to anyone, regardless of family history[45,46]. As a result, there 
is an urgent need for excessive research work to be done in the field of genetic infertility.

Although similar results to the findings of this study describing the association between family 
history of infertility and female infertility were reported in Iran[13,23,25], and Netherlands[47]. A case-
control study conducted in Nigeria in 2020[24], with a smaller sample size, didn't find any significant 
association between female infertility and a family history of infertility.

It is important to note that, in the present study, the proportion of women with previous miscarriage 
and/or abortion was higher in fertile women compared with infertile women (13.16% vs 5.71%); 
however, the miscarriage proportion difference between the two groups is not significant.

This finding indicates that having a miscarriage and/or an abortion doesn’t affect a woman's ability 
to get pregnant in the future. A substantial number of studies reached similar conclusions[8,13,48,49]. 
Meanwhile, this result disagrees with the findings of studies from Nigeria[24], Iran[23], and Germany
[50], which found a positive association between secondary infertility and abortion.

In this study, none of the study participants had ever consumed alcohol in any form or amount 
before. As a result, alcohol consumption among the study participants cannot be compared and is 
associated with unexplained infertility. The low prevalence of alcohol consumption in Sudanese women
[51-53] could be responsible for the zero prevalence of alcohol consumption in our study cohort. These 
findings indicate that alcohol consumption cannot be considered a risk factor for unexplained female 
infertility in the Sudanese population.

Interestingly, despite the established significant association between female infertility and physical 
activity level in the previous studies, whereby an active lifestyle and moderate exercise reduce the risk 
of infertility (explained and unexplained) and abortions and increase the pregnancy success rates 
among women who undergo any of the assisted reproduction technologies[20,21,54,55], the current 
study did not find a significant association between unexplained female infertility and the physical 
activity level in Sudanese women.

This might be related mainly to the similarity of lifestyle choices and occupation affiliations 
mentioned before and the generally inactive lifestyle among females in Sudan[56].
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Dietary diversity and consumption of different food groups by the study participants
The present study examined the consumption patterns of the ten essential food groups described by the 
WHO and FAO for women of reproductive age and the number of daily meals based on a 7-d recall 
method (Table 4). This study didn't find any significant association (P > 0.05) between unexplained 
infertility and the consumption patterns for each of the ten essential food groups among the study 
participants.

This indicates that despite the fact that female reproductive performance is definitely influenced by 
incorrect food consumption patterns, which lead to disturbances in nutritional status, alterations in 
ovarian function, and a subsequent decrease in fertility as shown in previous studies[29,30,57-60], 
however, in Sudanese women (fertile and infertile), in line with previous studies done in the Sudanese 
population[61-65], which found a similarity in food consumption patterns among women in Sudan, 
there was no difference in food consumption patterns between the two study groups.

Risk factors of unexplained female infertility in Sudanese women
This study used binary logistic regression to assess the unexplained infertility predictor factors among 
Sudanese women. According to the findings in Table 4 and Figure 2, only the place of residence, marital 
status, previous miscarriage or abortion, family history of infertility, family history of unexplained 
infertility, use of modern contraceptives, smoking, caffeine consumption, physical activity level, meals 
consumed, dairy, dark green leafy vegetables, other vitamin A-rich fruits, and vegetables. However, 
after controlling the effects of potentially confounding variables using multivariable logistic regression 
analysis, only marital status, family history of infertility, use of modern contraceptives, smoking, 
caffeine consumption, physical activity level, meals consumed, other vitamin-A-rich fruits and 
vegetables, and other vegetables were found to be significant factors associated with unexplained 
infertility among Sudanese women.

In the present study, married women were 0.073 times more likely to have unexplained infertility in 
comparison to divorced and widowed women. This can be explained by the fact that most Sudanese 
women seeking infertility services are married women (99.1%), so it makes sense that the odds of 
unexplained infertility are greater among them.

Also, women with a family history of infertility were 3.257 times more likely to have unexplained 
female infertility compared with other women who didn't have any family history of infertility. Similar 
findings were reported in studies from Iran and France, which found that women with a history of 
infertility in their family were 3.88 times more likely to develop unexplained infertility compared with 
women who didn't have any of their close relatives who had infertility before[21,23].

In light of this finding, it is essential to note that there is a strong argument that can be made about 
the effect of inherited "unknown genes" on female infertility. However, this argument needs more 
supporting evidence to make definitive conclusions.

Women who did not use any contraceptives (prior or current) had significantly higher odds of 
developing unexplained female infertility compared with those who used them for any period of time. 
Nevertheless, it can't be said with complete confidence that the use of contraceptives has contributed to 
the development of unexplained infertility cases in Sudanese women. Because contraceptives are used 
in women to prevent pregnancy from unprotected vaginal sex during fertile days, there is no need to 
use them in infertile women; thus, women who suffer from infertility usually do not use contraceptive 
methods[12,26]. This result corroborates all existing findings[13,17,23,25,35,66].

In this study, approximately 11% of Sudanese women of reproductive age smoke nicotine products, 
which is in line with the overall prevalence of smoking in the Sudanese population.

When compared to non-smokers, smoking women had 1.276 times the risk of developing 
unexplained female infertility.

This indicates that smoking has adverse effects on the normal female reproductive process, whereby 
the evidence specifically suggests that the smoking process produces some toxins that affect the follicu-
logenesis and steroidogenesis in the ovary and the FSH and LH secretion from the pituitary gland[67]. 
As a result, women are advised not to smoke to increase their fertility and their ability to get pregnant.

This result is consistent with a recent committee opinion report of the American Society for 
Reproductive Medicine[67], and other comprehensive studies about the negative effect of smoking on 
female fertility[14,18,68,69].

Women who had a sedentary lifestyle were more likely to have unexplained female infertility in 
comparison to participants with other lifestyles. This is consistent with recent findings that increasing 
physical activity level has a negative significant association with unexplained female infertility, with 
sedentary women 3.61 times more likely than moderately and very active women[21]. This finding may 
be explained by two main mechanisms. Sedentary physical activity in women may lead to an increase in 
leptin expression levels in the hypothalamus-pituitary-ovarian (HPO) axis, which has a negative effect 
on normal HPO axis function and may result in poor-quality eggs. Hence, an increase in physical 
activity leads to a decrease in leptin expression levels in the HPO axis and the resumption of ovulation 
by regulating HPO axis activity[70-73].

Additionally, high physical activity combined with the consumption of a healthy diet in women with 
infertility can decrease insulin and free androgen levels, leading to the restoration of the normal 
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function of HPO by increasing the ovarian sensitivity to gonadotropins (LH and FSH) and resulting in 
recovery from infertility[20,74,75].

Women who consumed more than two meals per day had a 1.606 greater probability of developing 
unexplained infertility compared with other women who consumed three or more meals per day. In 
addition, women who didn't consume vitamin-A-rich fruits and vegetables and other vegetables had 
higher odds of having unexplained female infertility in comparison to those who consumed these food 
groups in any amount.

The current finding is corroborated by the findings of the American Society for Reproductive 
Medicine about the relationship between diet and female fertility[76].

The three food groups mentioned—vitamin A-rich fruits, vegetables, and other vegetables—are the 
main source of micronutrients (vitamin A, vitamin C, vitamin E, magnesium, zinc, phosphorus, and 
folic acid) in Sudanese women's diet; therefore, the lack of consumption of these food groups without 
compensation from an external source led to a deficiency in these micronutrients. Several studies have 
proven that vitamins A, C, and E, magnesium, zinc, phosphorus, and folic acid play an essential role in 
the normal female reproductive process; any deficiency in these substances leads to disturbances in the 
normal female reproductive process, resulting in infertility[60,76-79].

It is important to note that insufficient nutrient intake, in general, can contribute to female infertility. 
This may be due to the fact that unquestionably women of reproductive age are often nutritionally 
vulnerable because of the dynamic way in which their bodies work and the high physiological 
demands, especially during the menstrual cycle. Thus, they require a more nutrient-dense diet[28].

Finally, this study showed that as caffeine consumption increases, the odds of having unexplained 
female infertility decrease. Studies on the effect of caffeine consumption on female fertility are 
inconsistent, with several studies showing negative effects of caffeine on fertility, while other studies 
show no association or even a significant improvement in female fertility with caffeine consumption, as 
summarized in a systematic review done by Bu and his colleagues in 2020[80].

The findings of the current study can be explained in light of the fact that there may be some sort of 
unknown negative interaction between caffeine consumption (external causes) and the female 
reproductive system (internal causes), which increases the risk of infertility. Although this conclusion is 
not conclusive, we recommend that any woman who desires to have a baby consume caffeine wisely.

To recapitulate all the above, married women with a family history of infertility who smoke and 
consume a high amount of caffeine, who have a sedentary lifestyle, and who consume more than two 
meals free of vitamin-A-rich fruits and/or vegetables and/or other vegetables per day are at the highest 
risk of developing unexplained infertility. Therefore, any woman who intends to get pregnant and has 
one or more of these risk factors needs to get an immediate consultation from a certified fertility doctor 
to find out early if she has unexplained infertility or not and to know the best strategies to deal with it. 
Also, those women need to change their diet and lifestyle to decrease the likelihood of developing 
unexplained infertility.

Strengths and limitations of the study
This matched case-control study provided a useful characterization of unexplained female infertility in 
Sudan; this, along with the control of confounding factors and low loss to follow-up, contributes to the 
current study's strength.

Additionally, the study outcomes and arguments were based on relatively large sample size. Hence, 
its conclusion could be generalizable to other settings. We were constrained by the objectives of the 
significant study from which this study emanated. As such, some clinical details of the women with 
unexplained infertility were not captured. The data used for this study were obtained through patient-
reported interviews, and some responses appear retrospective; thus, the participants’ responses could 
not be validated. However, efforts were made as much as possible to validate the information reported 
by participants through the patient records, especially for the participants who were not first-time 
visitors to the study recruitment clinics.

CONCLUSION
In conclusion, the median duration of unexplained infertility in this study was 3 years, with a range of 
1–15 years. Furthermore, married women with a family history of infertility who smoke and consume a 
high amount of caffeine, who have a sedentary lifestyle, and who consume more than two meals free of 
vitamin-A-rich fruits and/or vegetables and/or other vegetables per day are at the highest risk of 
developing unexplained infertility.
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ARTICLE HIGHLIGHTS
Research background
Unexplained infertility remains one of the mysteries in the reproductive health field, where the 
diagnostic evidence is still weak and the proposed treatments still work with unknown methods.

Research motivation
Unexplained infertility remains one of the mysteries in the reproductive health field, where the 
diagnostic evidence is still weak and the proposed treatments still work with unknown methods.

Research objectives
The objective of this study was to characterize and identify factors associated with unexplained 
infertility in Sudanese women.

Research methods
A matched (age and body mass index) case-control study was conducted from March 2021 to February 
2022. The study samples were 210 women with unexplained infertility and 190 fertile women of 
reproductive age who were attending the maternity hospitals and fertility clinics in Khartoum, Sudan. 
The risk factors for unexplained infertility were identified using a structured, pre-tested questionnaire.

Research results
Infertile women had a significantly higher proportion of family history of infertility (explained and 
unexplained) compared with controls. Also, only marital status, family history of infertility, use of 
modern contraceptives, smoking, caffeine consumption, physical activity level, meals consumed, other 
vitamin-A-rich fruits and vegetables, and other vegetables were found to be significant (P < 0.05) factors 
associated with unexplained infertility among Sudanese women.

Research conclusions
Married women with a family history of infertility who smoke and consume a high amount of caffeine, 
who live a sedentary lifestyle, and who consume more than two meals free of vitamin-A-rich fruits and/
or vegetables and/or other vegetables per day are at the highest risk of developing unexplained 
infertility.

Research perspectives
More interventional studies regarding the main factors, such as physical activity and dietary intake, for 
infertile women with unexplained causes, need to be done.
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