
Introduction
Nowadays, the influence of maternal nutrition on different 
aspects of labour and fetal health is widely investigated. 
Optimal life style and proper diet are recommended to 
decline the risk of birth defects (1). Dietary advices should 
be offered to women for promoting their child health and 
weight (2). It is believed that restricted nutrition could 
interfere with physiologic adjustments of pregnancy, 
cause fetal developmental impairment, induce labour, and 
increase the risk of gestational diabetes mellitus (3, 4). In 
addition, the ability to have an effect on offspring sex is an 
issue that is often considered by the parents from past until 
now. A number of reasons have been mentioned for sex 
selection including family planning, cultural background, 
parental preference of a specific gender, and prevention 
of the sex-linked genetic diseases. Natural and technical 
methods such as diet, timing of sexual intercourse, pre-
fertilisation sperm sorting, and pre-implantation genetic 
diagnosis (PGD) are available for sex selection. Except for 
sex selection for medical indication that must be done by 
PGD with 100% accuracy, cost, ethics, and society believes 
propel the parents to use nutrition (5).

According to some hypotheses, healthy and nourished 
mothers mostly give birth to the boys; meanwhile, the 
sex ratio at birth is found to be affected by maternal 

socioeconomic conditions including the nutritional status 
(6, 7).

This study aimed to evaluate the publications on the 
relationship between maternal nutrition and sex of the 
offspring in humans. 

Materials and Methods
Data Sources 
A systematic literature search was performed across 
international electronic databases (e.g., ISI Web of 
Knowledge, PubMed, Cochrane Library, and Scopus) with 
no time limitation using pre-determined keywords. The 
English search strategy is shown in Table 1.

Study Selection
Selected publications included original articles in English 
with different methods and population sizes regarding 
preconception maternal diet, nutritional status, fetal sex, 
or sex ratio in humans. In addition, a number of data were 
excluded from the study including reviews, letters to the 
editors, commentaries, editorials, experts’ opinions, and 
publications without available electronic full texts.

After initial search using search terms strategy, the 
related publications were selected focusing on the title/
abstract review. Following excluding duplicate articles, full 
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Introduction 
Throughout the history of the world, the ones who had 
confronted the bitterest face of poverty and war had al-
ways been the women. As known poverty and war affects 
human health either directly or indirectly, the effects of 
this condition on health and status of women in the so-
ciety should not be ignored. This study intends to cast 
light on the effects of war and poverty on the reproductive 
health of women. For this purpose, the face of war affect-
ing the women, the problem of immigration, inequalities 
in distribution of income based on gender and the effects 
of all these on the reproductive health of women will be 
addressed.

War and Women’s Health
Famine, synonymous with war and poverty, is clearer for 
women; war means deep disadvantages such as full de-
struction, loss of future and uncertainty for women. Wars 
are conflicts that destroy families, societies and cultures 
that negatively affect the health of community and cause 
violation of human rights. According to the data of World 
Health Organization (WHO) and World Bank, in 2002 
wars had been among the first ten reasons which killed 
the most and caused disabilities. Civil losses are at the rate 
of 90% within all losses (1).
War has many negative effects on human health. One of 
these is its effect of shortening the average human life. 
According to the data of WHO, the average human life is 
68.1 years for males and 72.7 years for females. It is being 

thought that severe military conflicts in Africa shorten 
the expected lifetime for more than 2 years. In general, 
WHO had calculated that 269 thousand people had died 
in 1999 due to the effect of wars and that loss of 8.44 mil-
lion healthy years of life had occurred (2,3).
Wars negatively affect the provision of health services. 
Health institutions such as hospitals, laboratories and 
health centers are direct targets of war. Moreover, the wars 
cause the migration of qualified health employees, and 
thus the health services hitches. Assessments made indi-
cate that the effect of destruction in the infrastructure of 
health continues for 5-10 years even after the finalization 
of conflicts (3). Due to resource requirements in the re-
structuring investments after war, the share allocated to 
health has decreased (1).

Mortalities and Morbidities
The ones who are most affected from wars are women and 
children. While deaths depending on direct violence af-
fect the male population, the indirect deaths kill children, 
women and elders more. In Iraq between 1990-1994, in-
fant deaths had shown this reality in its more bare form 
with an increase of 600% (4). The war taking five years 
increases the child deaths under age of 5 by 13%. Also 47% 
of all the refugees in the world and 50% of asylum seekers 
and displaced people are women and girls and 44% ref-
ugees and asylum seekers are children under the age of 
18 (5).
As the result of wars and armed conflicts, women are 
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texts of the selected articles were evaluated for inclusion/
exclusion criteria. 

Results
A total of 695 articles were obtained in the initial search 
out of which 641 were excluded as they were not relevant 
to the review or were duplicates. After evaluating the full 
texts for inclusion/exclusion criteria, 15 articles were 
selected to be included in this study.

Despite the heterogeneity of the articles in terms of 
subjects and methodology, they could be categorized into 
2 groups according to the concepts reported; the first 
group consisted of publications which mentioned the 
maternal nutritional status (including anthropometric 
measurements, availability of food by caloric supply, 
and famine exposure) and the second group included 
publications on the maternal diet. Tables 2 and 3 show a 
brief summary of the studies in maternal nutrition and 
maternal diet groups included in the review. 

Maternal Nutritional Status
Song studied 220 280 Chinese children born between 
1956 and 1965, a period that included one of the largest 
famine during 1959-1961. The famine exposure index 
(i.e., the ratio between the expected and observed size 
of the famine cohort data) was calculated. Besides, its 
relation with the male birth size was investigated through 
conducting the “difference-in-differences” (DID) analysis 
for covering the cohort difference and regional, or urban–
rural differences for each year; a significant sex ratio 

decrease was found in years 1958, 1961, and also 1964 in 
the urban population (DID1958=−0.049, 95% CI [−0.095, 
−0.002], DID1961=−0.089, 95% CI [−0.142, −0.031], 
DID1964=−0.061, 95% CI [−0.106, −0.011]).However, 
despite the severity of the famine induced malnutrition 
in the rural region, no significant decrease was observed 
in the rural population (DID1958= −0.012, 95%CI [−0.035, 
0.012], DID1961= −0.016, 95% CI [−0.043, 0.013], DID1964= 
0.003, 95% CI [−0.020, 0.026]), It means that rural mothers 
missed much more fetuses than urban ones because of 
their low nutritional status. The decline of sex ratio in 
1964 showed long-term effect of famine which was greater 
in rural mothers as there were more severe depletion of 
their supply without any restoration (8).

Song also examined the effect of malnutrition on sex 
ratio in a retrospective study of 830 045 live-born Chinese 
children during the period of 1929 to 1989 using a logistic 
regression model. The results indicated that mothers 
in poor conditions were more likely to give birth to the 
girls. He suggested a V-shaped curve for the pattern of 
famine effect on the male birth. The first decline in the 
proportion of the male birth occurred 6 months after the 
famine, indicating the cumulative effect of malnutrition. 
The compensatory increase occurred 1 year after the 
end of the famine, indicating that it took some time for 
rebounding of mother’s supply to reach normal sex ratio 
at birth (9). 

Using the data obtained from Dutch Hunger Winter of 
1944–1945, Cramer and Lumey tested the relationship 
between maternal nutritional status and sex ratio at birth. 
After studying monthly births at 5 time points of war and 
famine (i.e., the prewar period, the war period without 
famine, the war period with famine, the early postwar 
period, and the later postwar period), they concluded that 
sex ratio was almost constant (χ2 = 0. 64, df = 4) (10).

Similarly, Denny analyzed the data of 8249 new 
born children in a survey in the United Kingdom and 
evaluated the relationship between the sex of children 
and their parents’ body mass index (BMI). No significant 
relationship was found (R2 = 0.000, P = 0.99) between the 
male children and maternal BMI (11). 

The study on the variations of the sex ratio at birth 
in Germany during 1787-1802 and also the years of the 
French Revolutionary Wars, with dietary changes and 
food availability decline (12) demonstrated a significant 
decline in the war and post war sex ratio at birth (0.502 
and 0.469, respectively) in accordance with a prewar sex 
ratio of 0.566 (P < 0.05) (13). 

In the same vein, another study was conducted on the 
Dutch famine in 1944–1945. In this study, the sex ratio 
was considered in 3 trimesters of pregnancy in 4050 
births. Only those women who spent their first trimester 
in famine delivered more male children (odds ratio (OR) 
= 1.31, 95% CI 1.09–1.48, P = 0.004) and the sex ratio 
among others was similar to the years of 1943 and 1947, 
that is, the years without war and famine (first trimester: 

Table 1. Search Terms and Search Strategy

# Search Term: Sex Selection

1 Sex 
2 Gender 

3 Preconception 

4 Pre-Conceptional

5 Selection

6 Pre-Selection

8 Offspring  Sex 

9 Offspring  Gender 

10 Sex Ratio

11 Son

12 Boy

13 Daughter

14 Girl

15 #01 OR #02 OR # 03 OR #04

16 #05 OR #06

17 #15 AND #16

18 #8 OR #9 OR #10 OR# 11 OR #12 OR #13 OR #14 OR #17

# Search Term: Nutritional Status

19 Nutrition

20 Nutritional 

21 Nutritional Status
22 Under Nutrition
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OR = 1.05, 95% CI [0.86–1.29], second trimester: OR = 1.01, 
95% CI [0.92–1.10], and third trimester: OR = 1.03, 95% 
CI [0.97–1.10]) (14).

To trace the relationship between maternal nutritional 
status and offspring’s sex, 3 other studies with similar 
protocols were carried out in Ethiopia in 2000 as a year 
with an acute food shortage which necessitated emergency 
food aid (15).

Moreover, Stein et al analyzed the data of 7223 
women with at least one birth in the previous 5 years, 
retrospectively. A very weak (R2 = 0.0057) non-significant 
inverse relationship was found between the percentage 
of recent male birth and BMI of less than 18.5 kg/m2 as 
a current maternal nutritional status marker adjusted 
for other determinants of maternal nutritional status 
(OR = 0.94, 95% CI [0.84–1.04], P > 0.05) (16).

Gibson and Mace also studied 324 married women 
below 50 years of age from a birth-history calendar in 
southern Ethiopia in 2000. The mid-upper arm muscle 
area and the offspring sex were significantly correlated 
(β = 0.08, standard eror [SE]= 0.02, P = 0.0005). A similar 
association was reported between the last child’s sex 
and both the mid-upper arm circumference (β = 0.187, 
SE= 0.06, P = 0.001) and BMI (β = 0.167, SE= 0.06, 

P = 0.005) (17).
Similarly, Mace and Eardley analyzed the data of 6417 

women with a child in 5 years old or younger. The odds 
of rural mothers, whose BMI were less than 18.5 kg/m2, 
having a girl were about 15% higher than having a boy 
(β = 1.158, P < 0.05); however, no significant association 
was seen in urban mothers in this regard (β  = 0.851, 
P >  0.05)(18).

Cagnacci et al studied 10 239 Italian children born in 
1997-2001 and their mothers’ pre-pregnancy weight 
and weight gain during pregnancy, retrospectively. The 
sex ratio was significantly lower in women with pre-
pregnancy weight in first quartile than others (0.497 
versus 0.525; P < 0.01); besides, their weight gain during 
pregnancy was lower in the fourth quartile than that of the 
others (P < 0.054) (19).

In the same way, Manning et al measured weight and 
waist and hip circumference in 102 women. According to 
a multiple regression model, only waist circumference was 
significantly correlated with sex ratio (β = 0.083, t = 2035, 
P = 0.023) (20).

In addition, Williams and Gloster tested the relationship 
between the sex ratio and available calorie in different 
countries. A significant correlation was detected between 

Table 2.  Characteristics of Included Articles in Maternal Nutritional Status

Author Year Country Objective Population Nutritional Status 
Assessment Method

Song 2014 China To determine the implication of maternal 
nutritional condition on sex ratio at birth

220 280 children born between 1956 
and 1965 Famine Exposure

Song 2012 China To assess the effect of famine on sex ratio 
at birth in long term trend

Data from a survey of 830 045 live-
born children of 310 101 women Famine Exposure

Cramer & 
Lumey 2010 Holland To test an association of sex at birth and 

mother’s preconception diet.
Data for the Dutch hunger winter of 
1944–1945

Famine & War 
Exposure

Denny 2008 UK To assess the relation between their 
parents’ BMI and height and sex ratio

Data of 8249 born child from a survey 
in United Kingdom BMI

Kemkes 2006 Germany To test if the sex ratio decrease in 
stressful preconception condition

Birth records of 1787-1802 in four 
villages War Exposure

Stein et al 2004 Ethiopia To test the relation of the nutritional 
status and sex ratio

Data from the Ethiopia demographics 
and health survey of women of 
reproductive age and their children 
under 5 years of age in 2000

BMI

Stein et al 2004 The 
Netherlands

To test the influence of maternal under 
nutrition on sex ratio

Data for births during the Dutch 
Hunger Winter of 1944– 194 Famine Exposure

Mace & 
Eardley, 2004 Ethiopia To assess the relationship between 

maternal nutrition and sex ratio at birth.
Data of 6417 women from large 
national survey BMI & Height

Gibson 2003 Ethiopia To assess the relation between maternal 
nutritional status and recent baby sex

Data from 324 women in 2000 from an 
Oromo community

Mid-upper Arm 
Muscle Area & BMI

Cagnacci et al 2004 Italy To evaluate the effect of pre-pregnancy 
weight on the sex ratio

Data on 10239 children born 1997-
2001

Pre-pregnancy 
Weight

Manning et al 1996 UK To test hormonal effect on sex ratio in 
human 102 women between 35-55 years

Waist & Hip 
Circumference & 
Weight

Williams & 
Gloster 1992 Different 

country

To evaluate the relation between sex 
ratio at birth and various country's caloric 
supply

Information on the number of live 
births from 1967 to 1986. Caloric Supply Per 

capita
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these 2 variables per capita in the periods of 1979-1980 
(correlation coefficient: 0.365, P < 0.01) and also 1980-
1981 (correlation coefficient: 0.369, P < 0.01) (21).

Maternal Diet
A study in 2001-2009 was conducted to evaluate the effect 
of mineral intake. A total of 175 women, with a preference 
for baby girls, were offered strict diet advice for limitation 
of sodium and potassium intake and an emphasis on 
calcium and magnesium intake beside 400–600 mg 
magnesium + 500–700 mg calcium + 5–7.5 μg vitamin 
D supplementation in a normal feeding pattern. They 
were advised to start the diet 9 weeks before the planned 
pregnancy and continue it until a positive pregnancy 
test is occurred. Compliance with the diet was assessed 
through blood analysis. Seventy-three of the born babies 
were girl. The sex was significantly dependent on the diet 
(P = 0.0001) (22).

In 2008, Mathew et al studied 740 British pregnant 
women who were unaware of the sex of their fetus. They 
were asked to fulfill a retrospective report of the usual diet 
in the year prior to conception in their first prenatal visit 
(approximately 14 weeks gestation) and in the 28 weeks 
gestation. The dietary pattern was categorized into 2 
groups: factor 1 was high in vitamin C, folate, a range of 
minerals, protein, and fat, and factor 2 consisted of a high 
level of vitamin B12. Factor 1 was associated with a male 
sex (Wald χ2 = 6.74, P = 0.00095) while the latter one was 
not (Wald χ2 = 0.22, P = 0.64). The first factor scores were 
strongly correlated with energy intake (r = 0.87, P = 0.001). 
The odds ratio for having a male infant was 1.5 times for 
women in the highest tertile of energy intake compared 
with those in the lowest tertile (95% CI [1.1, 2.2]). There 
were no significant associations between anthropometric 
measurements and the child’s sex. After analyzing 133 
foods from the food frequency questionnaire, only cereal 
was strongly associated with a male sex (χ2 = 8.2, P = 0.004). 
Moreover, sodium and potassium were consumed 
predominantly by mothers who delivered boys (P = 0.003, 
P=0.046, respectively) (23).

Discussion
Regarding the topic of this article, it can be pointed 
out that there are functional and ethical limitations to 
design studies with high power methods such as the 
trials; therefore, most of the researchers have tried to test 
the hypotheses through observing national samples in 
different socioeconomic conditions. Wars and famines 

are one of the best conditions for poor nutritional 
status observations. The studies of the Chinese Great 
Leap Forward Famine in 1959-1961 and the French 
Revolutionary Wars against Germany in 1787-1802 
showed a decline in the sex ratio at birth (9, 13), although 
in studies on the Dutch famine of 1944–1945 and food 
shortage in Ethiopia in 2000, the sex ratio was not affected 
by war and famine (10,14,16). These contrary results 
could be explained by the length of the years with famine 
in these countries. As the V-shaped pattern of the sex ratio 
in Chinese famine showed, a famine probably took some 
time to affect the sex ratio (9). 

As it is believed, famine studies cannot differentiate 
between the 2 mechanisms of the malnutrition effect on 
sex ratio, namely, selective implementation hypothesis 
(7) or selective fetal loss hypothesis (6). Song showed a 
decline in the sex ratio in women who spent their first 
trimester of pregnancy in famine (9); the results were 
supported by a study on Italian women in a society with 
no famine or war (19). In both studies, the sex ratio was 
lower in mothers with lower weight in the first trimester 
of pregnancy. As a result, it could be concluded that the 
first trimester of pregnancy was an important period for 
the effect of nutrition on the sex ratio. The low rate of sex 
ratio in mothers with weight gain more than 15 kg during 
pregnancy showed the impact of poor maternal metabolic 
conditions on the sex ratio (19).

It should be considered that famine and malnutrition 
could also affect the fetal loss during pregnancy (24). 
Moreover, it is a fact that the male fetus is more vulnerable 
than a female one (25). Famine or war could also affect 
the sex ratio through increasing mortality. Moreover, it 
should be noted that famine and malnutrition could also 
have an effect on the fetal loss during pregnancy (24). In 
addition, famine and war were found to have an impact 
on congenital anomalies, reduced rate of pregnancy, 
and increased mortality in population (26) all of which 
influenced the sex ratio as well.

Some studies have mentioned anthropometric 
measurements as a maternal nutritional status indicator. 
Gibson and Mace, for example, displayed a significant 
relationship between a BMI under 18.5 kg/m2 and the 
child’s sex (17,18). However, Stein did not find similar 
results in this respect (16). It should be noted that, 
although all the 3 studies were conducted with similar 
protocols in Ethiopia, the population in Gibson study 
was not representative of the Ethiopian women since 
the prevalence of malnutrition was 20% lower than the 

Table 3. Characteristics of Included Articles in Maternal Diet

Author Year Country Objective Design Population

Noorlander 
et al 2010 The 

Netherlands
To assess maternal diet low in sodium & 
high in calcium on sex of offspring

Taking low & sodium high calcium diet before 
conception by couples with willing of girl 172 couples

Mathew 
et al 2008 UK To test the relation between preconception 

maternal diet and the foetus sex
Prospective study of pregnant women’s diet 
before conception

Date from 740 
British women
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general and the sex ratio was 88:100 versus 104.5:100 (16).
Furthermore, Mace believed that these contrary results 

with Stein’s were due to the analyses in rural/urban 
subgroups because rural women were more involved in 
shortage and that acute malnutrition was more severe 
among them (18).

Although Denny found no relationship between the 
maternal BMI and the sex of the child in British mothers 
(11), the results were analyzed in BMI subgroups and it 
was found that they were not accurate enough.

Although the waist circumference was significantly 
related with the sex ratio, Manning et al reported that 
it was a marker of the testosterone level in females (20). 
Unlike the default assumption, obesity was associated 
with decreased levels of total and free testosterone and 
of SHBG (sex hormone binding globulin) (27) so the 
waist circumference was an anthropometric marker 
rather than a hormonal marker. However, Svartberg et 
al also indicated that the waist circumference could be a 
predictor for endogenous testosterone levels (28). Besides, 
this marker was tested in only 102 women and was not 
used in a larger population. 

In the above-mentioned studies, the duration between 
anthropometric measurements and pregnancy could 
have caused a bias. There are doubts whether the 
anthropometric measurements were constant within these 
years and actually represented the maternal nutritional 
status around their pregnancy. For instance, cultural 
background might have resulted in more weight gain in 
the postpartum period (18). 

Mathew et al (23) reported that about 56% of the women 
in the highest tertile of pre-conception energy intake 
delivered boys as compared with 45% of those in the 
lowest tertile. This is in line with a report by Williams and 
Gloster (21). However, according to the dietary reports of 
women, recall bias was also probable. Moreover, Young et 
al argued about the results of this study and showed that 
a multiple testing false positive occurred. They explained 
the results as a chance (29). 

Similarly, Noorlander et al claimed that a diet high 
in sodium and potassium and low in magnesium and 
calcium could induce a female fetus (22). This report is was 
conformity with the Mathew’s findings. They designed a 
prospective study to better control the conditions and to 
reduce the recall bias. 

There are numerous reports on the effect of maternal 
mineral intake on the offspring’s sex in the literature from 
the past. For instance, Herbst for the first time showed that 
potassium concentration in seawater could change the sex 
ratio from 0.1 to 10 (30). Later studies showed that a high 
intake of K+ and Na+ and a low intake of Ca++ and Mg++ 
increased the sex ratio in sows and rats (31, 32). Some 
studies tested these hypotheses before Mathew et al (23) 
and Noorlander et al (22) and reported similar findings, 
but as their electronic full texts were not available, the 
researchers of this study decided to exclude them from 

the review (33, 34). Nonetheless, there were not enough 
articles in this regard to prove the hypothesis.

Conclusions
It seems that the nutritional status may not affect the 
sex ratio at birth unless in malnutrition. Even in severe 
acute malnutrition, it took time for the effects to appear. 
More studies in different populations and conditions 
with accurate methods are needed to make a valid and 
definite conclusion in this regard. There were not enough 
publications regarding the effect of the maternal nutrition 
on the sex ratio in the literature, and thus more researches 
are warranted. 
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