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Abstract

Human longevity and quality of life remain key societal drivers, but the healthcare burden of diet-related chronic
diseases is economically unmanageable. In recent years, it has been proposed that the composition and abundance
profiles of certain bacterial phyla in the gut are indicators of malnutrition, and ill health. But, how much does the gut
microbiome and diet really contribute to outcomes? The description of three microbial enterotypes remains to be
verified, as does its significance for health tested across continents and within people who migrate from one lifestyle
to another. It is not simply that the diet of one region causes a dominance of microbes not found in another, or that
it leads to adverse outcomes. Venezuelans have a diet different from Americans, yet life expectancy and causes
of death are somewhat similar. Pregnant east African women have very different diets to Europeans, yet excluding
infectious disease exposure, successful reproduction occurs in both. The microbiome has added another layer of
complexity to nutrition management, but with modern sequencing platforms and bioinformatics tools, integration
of this information will soon be feasible. In providing dietary recommendations, especially during pregnancy, more
consideration is needed on reducing exposure to environmental toxins, encouraging intake of fermented foods and
those designed to improve fetal and infant development. By focusing on the first 1000 days of life, it may be possible
to improve how we produce and allocate food, and provide a newborn with the best chance of leading a productive

life.
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Introduction

A new dimension has been added to the link between diet and
health, namely the human gut microbiota, representing the largest
collection of microbes inhabiting the human body [1]. Attempts
have been made to categorize deviations from the norm that are
associated with aberrant physiological outcomes, whether by changes
in abundance of Phyla or Genera [2,3], or through elevated presence
of certain organisms [4-6]. To date, there does not appear to be a
universally ‘normal’ microbiota in the gut or at other sites; outliers
have been reported in apparently healthy individuals where disease
might have otherwise been expected [7]. The search for the perfect
microbial profile seems futile, but uncovering a functionally ‘normal’
or healthy composition may be feasible considering the development
of transcriptomic tools [8].

The composition of the human microbiome is multifactorial; given
the impact of human genetics, method of birthing, early feeding, use of
antimicrobials, and the living environment (home, people, air, water,
food), it is no surprise that different microbial patterns exist [9,10]. Of
particular interest is the influence of diet on the microbiota and how
this relationship affects health and outcomes such as reproduction and
longevity, the two most salient features of human survival. The aim of
this review is to examine the current knowledge on this topic, and to
provide our interpretation of its significance.

Interaction between diet and the human gut microbiota

Environmental factors are a major source of variation between
individuals. Unrelated but cohabiting people have been shown to
have more similar gut microbiotas to each other than to people from
different households, likely from exposure to similar environments

[11] and diets. External factors such as infection [12], antibiotic use
[13], sexual contact [14], exposure to environmental toxins [15] and
even psychological stress [16] have been shown to cause shifts in the
gut microbiota. For example, the negative impacts of antibiotic use
on the microbiota are well known: an overall reduction in bacterial
diversity, promotion of resistant species, and eradication of beneficial
taxa, which creates room for pathogenic bacteria to grow, often
occur [17]. Evidence suggests that in addition to short term damage,
administration of antibiotics can have long-term consequences on the
microbiota and overall health in both children [18] and adults [19].
Antibiotic use remains high, through people in developed countries
having the financial resources, and those in developing countries often
having access to cheap generic versions [20]. Thus, antibiotic use and
lifestyle factors, such as sanitation, living conditions and diet, should
be taken into account when examining gut microbiota composition.

In comparison, our understanding of dietary effects in relation to
the microbiome is only now emerging. This has mostly been propagated
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by the obesity epidemic and the ability to identify organisms by 16s
rRNA high throughput sequencing.

There are multiple known benefits that the gut microbiota confer
on the host, including enhanced nutrient catabolism and absorption.
Certain microbes within the gut aid in the breakdown of indigestible
polysaccharides, such as cellulose and pectin, which would otherwise be
excreted [21]. Fermentation of these carbohydrates by the microbiota
produces short-chain fatty acids (SCFAs), which may be absorbed
across the colonic epithelium into the blood stream. Some Firmicutes,
including species from Faecalibacterium and Clostridium [22], as well
as Bacteroidetes, specifically Prevotella [23], have been associated
with this fermentative capacity. The energy production resulting from
SCFAs produced by the gut microbiota can contribute an estimated
3-9% to the energy requirements of the human body [24].

In particular, the SCFA propionate can successfully enter
anabolic pathways in the liver utilized for energy production-namely
gluconeogenesis, lipogenesis and protein synthesis [25]. SCFAs can
also be metabolized in peripheral tissues and become precursors for
cholesterol synthesis [26]. As well, butyrate may be metabolized
by colonic epithelium directly to account for most of this tissue’s
energy requirements [27]. Butyrate has been implicated in decreased
risks of colorectal cancer and overall gastrointestinal health [28,29].
Fermentation of proteins by the gut microbiota, however, appears to
produce toxic or carcinogenic molecules [30].

Further nutritional interactions with the gut microbiota include
the metabolism of bile acids, whose major function lies in the
emulsification and absorption of fatty material in the small intestine.
Though the vast majority of bile acids are reabsorbed in the small
intestine, a small percentage escapes into the large intestine and
interacts with the microbiota. Here, the primary bile acids may be
modified; bacteria enzymatically increase the hydrophobicity and
allow the passive reabsorption of secondary bile acids across the
colonic epithelium. The ability to modify primary bile acids has been
associated with species of Lactobacillus, Bifidobacterium, Enterobacter,
Bacteroides and Clostridium [31].

Secondary bile acids are then recycled to the liver for further
processing and re-secretion, [32,33] contributing to fat, fat-soluble
vitamin, and cholesterol absorption. Like carbohydrate and protein
bacterial metabolites, secondary bile acids have been implicated in
colorectal cancer. However, data suggest these molecules may be
contributing to cancer formation [34], as opposed to the positive effects
of carbohydrate metabolism and SCFA formation. Thus, it appears
that a diet higher in indigestible carbohydrate (fiber), not proteins or
fats, appears to offer a protective factor against cancer. Secondary bile
acids have also been implicated to act as chemical messengers, affecting
pathways involved in energy metabolism and intestinal homeostasis
[35]. Other molecules secreted by the gut microbiota, such as choline
metabolites and certain lipids, have been recognized as regulators of
energy metabolism within the host [36].

Clearly the interactions of the gut microbiota with food and
metabolism are multifold and complex. However, it is evident that
a certain diet may be better digested and absorbed depending on
the microbial community present in the gut. For a plant-based diet,
microbes with fermentative capacity allow for more efficient harvest
of energy through absorption of SCFAs. Likewise, a high-fat diet may
be better absorbed or tolerated by the host through the presence of
gut microbes able to withstand and modify primary bile acids (albeit
while increasing the risk of colorectal cancer in the host). The ability

of gut microbiota to aid the efficiency of nutrient extraction in their
hosts may be beneficial in scenarios where the host is consuming a
normal or nutrient-scarce diet. It is important to note however, that
in individuals consuming more than what is required or in cases of
aberrant gut microbiota compositions, these bacteria may contribute
to weight gain and obesity.

Effects of diets on the gut microbiota in five continents

People in different parts of the world have developed nuances
with respect to diet and lifestyles, influenced by climate, geographical
factors, traditions and availability of foods. We will comment on
countries from five continents where studies have investigated the
human gut microbiota (Figure 1).

In developed countries of North America and Europe, where
active trading occurs making foods widely available, the so-called
“Western diet” prevails. High in protein, fat and refined grains, this diet
includes processed red meat and sugary drinks and desserts, invariably
sweetened with high-fructose corn syrup. In Japan, another developed
country, the diet differs in that it generally contains higher amounts
of rice, beans, fermented or pickled foods and fish. The effects of these
“developed” diets on the gut microbiota appear to be increases in
abundance of Firmicutes, as will be discussed in detail below.

A study published in 2011 by Arumugam et al. [23] tried to locate
“enterotypes” of gut microbiomes amongst different populations. They
combined 22 newly sequenced European (Danish, French, Italian and
Spanish) microbiomes with those from Japan and The United States (US)
from previous studies. Though inconsistent sequencing technologies
were used across data sets, three distinguished “enterotypes” or
clusters were found, which were mostly irrelevant to participant
nationality (with the exception of Japanese-enriched enterotype 1)
and driven by bacterial species composition. The three enterotypes
were each dominated by a certain genus: Bacteroides, Prevotella and
Ruminococcus. Notably, differences in nutrient metabolism and energy
production existed between the three clusters. For example, certain
Bacteroides have been reported to participate in carbohydrate and
protein fermentation [37,38], while Prevotella species are known to
degrade mucin [39], a glycoprotein.

Since all participants belonged to developed regions of the world,
they likely had relatively similar exposure to environmental conditions

Figure 1: Global locations of microbiota studies. World map [37] of countries
(A: The United States, B: Venezuela, C: Burkina Faso, D: Italy, E: Malawi,
F: Tanzania, G: Japan) where scientists have reported gut microbiota
compositions.
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such as sanitation and sufficient food. However, the typical Japanese
diet differs slightly from the European or American, as mentioned
earlier, potentially explaining the enrichment of Japanese participants
in the Bacteroides cluster. A Bacteroides dominated gut, with the ability
to ferment protein and carbohydrates [38], would be beneficial to a diet
high in fish and rice, as consumed in Japan. Overall, it was concluded
that enterotypes appear complex and any factor alone, including diet,
is not enough to explain their presence [23].

Hehemann et al. [40] further elucidated differences between North
American and Japanese individuals by finding saccharolytic enzymes
in the gut microbiome of the latter. These enzymes, porphyranases and
agarases, which were absent in North Americans, are responsible for
the breakdown of sulphated polysaccharides present in seaweed, a food
that makes up a significant portion of the Japanese diet but is consumed
by North Americans in much lesser amounts [41]. The genes appear to
have been transferred to the gut bacterium, Bacteroides pleibus, from
Zobellia galactanivorans, a marine bacterium consumed with seaweed
[40]. This finding suggested that continuous seaweed consumption led
to emergence of microbes in the gut with the ability to break it down.

The aforementioned “Western diet” tends to be markedly different
from diets in so-called developing countries (Burkina Faso (BF),
Malawi and Venezuela are being considered as such), where refined and
processed foods are much less available and high-fiber foods dominate.
Data suggesting that a high-fiber diet favours a gut microbiota
dominated by Bacteroidetes will be discussed. A comparison of diets
based on macronutrient intake and dominant bacterial phylum is
given below (Table 1). Of note, we will use the term «African» loosely,
as clearly there are extreme differences between countries. In terms
of dieticians providing advice to “Africans” spending time in, or
emigrating to, Europe or North America, it is not known if and when
their microbiota changes if they continue to consume a diet similar
to the one they had in Africa, but it does appear that ‘westernization’
occurs and the microbiota alters in time, as will be explored below for
Somali migrants to Canada.

Percent of total caloric intake (kcal) is influenced by macronutrient
[42] and the reported dominant gut bacteria, according to phylum, for
countries with characterized gut microbiotas, including the US [43].

A comparative study in 2010 by De Phillipo et al. [44] looked at
children’s diets and gut microbiotas from Italy and rural BF. All children
were selected on the basis of age, physical growth and consumption
of the typical diets associated with their nationalities. Differences in
abundances of bacteria existed between the two populations; European
childrenhad greater proportions of Firmicutes and Proteobacteria, while
Actinobacteria and Bacteroidetes were higher in the African children.
In particular, Prevotella and Xylanibacter, both of which are capable
of hydrolyzing plant polysaccharides [45], were more prevalent in BF
microbiotas. In addition, in the BF children, microbial diversity was
greater and SCFAs in feces were higher, as expected of a carbohydrate-

Country Diet by Macronutrient Domina_nt
% Carb % Protein %Fat Bacteria
Burkina Faso 68 12 20 Bacteroidetes
Italy 49 12 39 Firmicutes
Japan 58 13 29 Bacteroidetes
Malawi 77 10 13 Bacteroidetes
USA 49 12 38 Firmicutes
Venezuela 64 11 26 Bacteroidetes

Table 1: Global macronutrient consumptions and gut microbiota compositions.

enriched diet. These results indicate that the gut microbiota of children
in BF has adapted well to their diet high in plant products. However,
this study is limited by its sampling and lacks generalizability to the
populations they were meant to represent; only 14 Italian and 15 BF
children were included and all children were under the age of 6. Thus, a
more comprehensive study including greater numbers of participants
from various age groups and different countries could prove useful.

Yatsunenko et al. [11] filled in these gaps in the following year,
where they consistently analyzed the gut microbiota of 531 individuals
ranging in age from newborns to 70 year olds, from rural Malawi,
Venezuela and urban areas of the US. The stool microbiota of children
in all countries slowly evolved towards an adult microbiota during the
first three years of life [11], suggesting that the maturation processes
were the same, though the final composition was very dependent
upon diet and environment. In support of this, microbiotas clustered
according to US vs. non-US for both adults and children, with
Prevotella significantly more represented in the latter, confirming the
results of De Phillipo et al. [44] in BF. As well, US adults had the lowest
intrapersonal variation in their microbiotas compared to non-US.

Furthermore, analysis of US, Malawian and Venezuelan adult
microbiomes revealed differences clearly linked to diet [11]. In
Americans, genes for enzymes involved in the following processes were
significantly more represented: degradation of amino acids, catabolism
of simple sugars, and metabolism of xenobiotics and bile salts —
reflecting a diet high in protein, fat and simple sugars. Conversely, in
the non-US populations, amylases (required for starch breakdown)
and enzymes involved in amino acid synthesis were more present,
indicative of a diet high in carbohydrates and low in protein.

These results are interesting on many fronts. The US is a country
that is large geographically with vast economical resources, plentiful
food, state-of-the-art medical technology and care, and better longevity
figures than Venezuela, BF and Malawi, yet the burden of healthcare
spending on chronic conditions that are influenced by the microbiota
is enormous, suggesting the US has far from the optimal diet and
microbial profiles. It would seem that a vegetarian diet results in a
gut microbiota dominated by Prevotella [46], and even transiently
changing to a plant based diet may lower inflammatory processes [47].
Could this increased Prevotella abundance, which is known to cause
oral malodour and associated with bacterial vaginosis [48,49], actually
be beneficial in the gut? If so, this suggests that the largely vegetarian
staple diets in Malawi or Venezuela, compared to the American diet,
may be promoting better health through their interactions with the gut
microbiota. Noteably, Prevotella has also been implicated in children as
a protective factor from diarrhea [50] and autism [51]. We recommend
caution in how we portray trends in microbial abundances and
communities, especially as the organisms in the stool are linked to the
oral cavity and vagina. To some, a vegetarian diet might seem optimal,
but it is a very complex issue and vegetarian nutrition itself has many
dimensions [52].

In search of better understanding the link between dietary factors
and the microbiome, Schnorr et al. [53] recently studied the Hadza
hunter-gatherers of Tanzania. In comparison to an Italian control
cohort, the Hadza had a greater proportion of Bacteroidetes, belonging
to the genus Prevotella, and a lower representation of Firmicutes.
Compared to BF children and Malawian individuals assessed in
previous studies, Hadza were enriched in bacteria of Clostridiales,
Ruminococcaceae and Blautia — potentially reflecting a response of
the gut microbiota to the foraging lifestyle seen only with the Hadza.
Nonetheless, these comparisons to BF children and Malawians are
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weakened by age differences among groups, considering age is a
well-documented factor affecting the gut microbiota [54,55]. As well,
clear differences in methodology between studies existed and may
have impacted the results. For these reasons, caution is urged when
interpreting the comparisons made in this study.

Still, within the Hadza themselves, differences were noted between
the sexes, with women having higher proportions of Treponema while
men were enriched in Eubacterium and Blautia. Since women are
known to forage for and consume more plant-based food while men
consume more meat and honey, these differences appear to reflect
lifestyle, particularly small shifts in the diet. Further studies of the
Hadza are ongoing, hopefully teasing apart the subtleties of dietary
intake, microbiota changes and health outcomes, especially in people
never exposed to ‘modern medicine’, drugs and vaccination.

Another fairly unique cohort are the Hutterites, a secluded
communal population living along the west coast of Canada and the
US, who are characterized by low genetic variation but have access to
modern technology and health care. The Hutterites have a stable diet
throughout the year, except during summer when fresh produce is
consumed [56]. The gut microbiotas of 60 Hutterite participants were
sampled during the winter and summer months of one year to compare
microbial composition between the seasons. For both common
(Bacteroidetes, Firmicutes and Actinobacteria) and rare (Chloroflexi
and Gemmatimonadetes) bacteria, shifts in abundance were noted
across all taxonomic groups. For example, Bacteroidetes increased
and Actinobacteria decreased during the summer months, presumably
resulting in higher levels of enzymes required to digest polysaccharides
in fresh produce. Winter months gave rise to gut microbiotas with
greater biodiversity than in summer. Note that while these dietary
recalls are useful, they do not account for influences such as pathogenic
exposure [57] and daylight duration [58], both of which change with
the seasons and can affect gut microbiota (Table 1).

A study of Native Africans and African Americans not only showed
the genus Prevotella was higher in the former and Bacteroides more
prevalent in the latter, but also showed higher diversity in the Americans
supposedly because of a more diversified diet [59]. Although this
study did not imply a more diverse microbiota is ‘preferable’ in terms
of health, others have certainly implied this through association [60-
62]. Such conclusions, regardless of the different tools used to acquire
the data, should also be treated with caution. Likewise, conclusions
based exclusively on rodent studies irrespective of the mechanisms of
microbial action they might uncover [63-65], need to be taken for what
they are - studies in rodents. Of more pertinence to humans are studies
performed in humans. Thus for the vagina, a lower bacterial diversity
dominated by lactobacilli is clearly associated with health [66], and is
irrespective of the diversity of the gut microbiota which has access to
the vagina via the rectum and perineum. Thus, high bacterial diversity
should not be seen as a definitive marker for health or disease.

Impacts of long-term diet and the gut microbiota on longevity

There exists a major discord in longevity and causes of death across
the globe. In the developed world, life expectancy is high and death
frequently occurs from non-communicable diseases in elderly life. In
comparison, populations from the developing world die much younger
and often from infectious diseases or conditions such as malnutrition
(Tables 2 and 3). Tables are based upon average life expectancies and
major causes of death [67], as of 2011, for developed countries where
gut microbiotas have been characterized.

The overlap between developed countries is significant; stroke,
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Japan Italy USA
Average life 82.7 824 8.6
expectancy
1. Stroke 1'. Coronary Heart 1._ Coronary Heart
Disease Disease
2. Influenza and 2. Stroke 2. Alzheimer’s/

Top 5 causes of Pneumonia Dementia

death 3. Coronary Heart
Disease

3. Lung Cancer 3. Lung Cancer

4. Stroke
5. Lung Disease

4. Lung Cancer 4. Hypertension

5. Stomach Cancer |5. Lung Disease

Table 2: Longevity data of developed countries.

Venezuela Malawi Burkina Faso
Average Life 75.5 57.7 55.8
Expectancy

1. Coronary 1. HIV/AIDS 1. Malaria

Heart Disease

2. Influenza and 2. Influenza and

2. Violence ) ]
Pneumonia Pneumonia

Top 5 Causes of 3. Stroke 3. Diarrheal Diseases 3'. Diarrheal
Death Diseases

4Road Traffic 4 \1jaria 4. HIV/AIDS

Accidents

5. Diabetes 5. Stroke 5. Tuberculosis

Mellitus

Table 3: Longevity data of developing countries.

coronary heart disease and lung cancer represent three out of the five
leading causes of death in each (Table 2). Lifestyle factors such as diets
high in fat and cholesterol, inactivity, obesity, smoking and alcohol use,
are all major contributors to one or more of these conditions.

In contrast, similarities between the three developing countries of
interest are much less unanimous (Table 3). Venezuela, in particular,
stands apart from the others in that Venezuelans appear to be dying
from diseases commonly seen in the developed world, such as coronary
heart disease, stroke and diabetes. Meanwhile, the two African
countries, Malawi and Burkina Faso, have similar causes of death:
HIV/AIDS, influenza and pneumonia, diarrhoeal diseases and malaria.
Of note, disruptions to the gut microbiota have been associated with
diarrhea [68,69], specifically, decreases to Eubacterium rectale, species
of Bacteroides and Faecalibacterium prausnitzii have been reported.

A Venezuelan diet is very similar in macronutrient composition to
BF and Malawi diets in that they are all dominated by carbohydrates.
The gut appears to have responded with an increased prevalence
of Bacteroidetes, in comparison to developed nations. However,
Venezuelans are living much longer (approximately 20 years on
average) than people from BF and Malawi, and are actually closer in
average life expectancy to the US. Thus, a Venezuelan diet resembles
that of the developing countries, yet their longevity mimics that of a
developed country. Clearly other factors, whose effects do not manifest
through the diet or the gut microbiota, must be involved in influencing
longevity. Availability of necessary resources and access to medical care
are major differences between the low and high-income countries, and
these clearly can affect longevity.

A growing number of studies have linked gut microbiome
dysbiosis composition to disease and pathology, such as colorectal
cancer [70], obesity [71] and diabetes [72]. Recent evidence suggests
that interactions between the gut microbiota and the brain also exist
and neural conditions such as multiple sclerosis [73], autism, anxiety
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and depression, may be modulated by the intestinal microbes [74]. All
these conditions shorten longevity.

The aforementioned results of Yatsunenko et al. [11] are also
interesting in that all three cultures examined (Venezuela, Malawi and
US) had similar trends with the progression of their gut microbiotas
over time. In all three populations, children evolved towards an
adult-like composition by three years of age. Furthermore, as the
subjects aged into adulthood, all were characterised by a decrease in
interpersonal variation yet an increase in intra-individual diversity.
These consistencies suggest that the pattern of microbiota progression
throughout one’s lifetime is independent of geography and that the
microbiota is tightly linked with age, and perhaps longevity. This would
be quite remarkable in terms of human evolution given the diverse
conditions of how the continents separated through time.

Other data exist that further suggest a link between the gut
microbiota and longevity. A study conducted on elderly people found
correlations between both food and gut microbiota composition to
indicators of health, such as frailty, nutritional status and comorbidity
[75]. Thus, throughout one’s lifetime and well into old age, the gut
microbiota composition still plays a role in overall health and helps
determine longevity.

Ultimately, we must not underestimate the impacts of diet on
longevity; in any part of the world, a high calorie diet coupled with
a sedentary lifestyle is a predictor of obesity and life-threatening
conditions such as coronary heart disease, diabetes or cancer.

How does the maternal diet and microbiome affect
reproduction?

During pregnancy, large changes to microbial composition of
the maternal gut have been reported. Levels of Proteobacteria and
Actinobacteria appear to increase while overall richness decreases
between the first and third trimester [76,77]. Interestingly, one study
showed that while diets of women went mostly unchanged throughout
pregnancy, major changes to the gut microbiota still occurred [78].
This finding dilutes the argument that diet alters the gut microbiota
during pregnancy, instead suggesting hormonally or immunologically-
driven changes in the gut.

To examine this more closely, we studied the gut microbiota and
response to nutrient-enriched probiotic yogurt in undernourished,
healthy and obese pregnant women in Tanzania. Five groups
comprised: undernourished (UN), undernourished given probiotic
(UNP), nourished (N), nourished given probiotic (NP) and obese (O).
Diets of all women were carefully recorded 48 hours prior to each visit
in dietary recall surveys (Figure 2). Administration of the probiotic did
not have a significant impact on the maternal gut microbiota, however
the microbiotas of babies born to these mothers were significantly
affected [78].

Of note, no significant differences in micro- or macronutrient
consumption between groups were detected at the first visit. However,
as the study continued, calcium levels in the probiotic groups (NP and
UNP) were higher than all others. In comparison to reference dietary
intake (RDI) values for Canadian pregnant women, the Tanzanian
women only met requirements for carbohydrates and iron throughout
pregnancy - all other micronutrients were below 90% of the RDI,
including folate. Yet, incidence of premature birth, infant mortality
and low birth weights were low and overall, babies appeared to be
healthy [78].

The intriguing point from this study is that the gut microbiota
profiles were not directly related to the nutritional status of the mother
or to pregnancy outcome. Admittedly, the levels of malnutrition were
not extreme, and clearly very low-calorie maternal diets in early and
mid-gestation have severe long-term effects on the baby, such as
diabetes, obesity and cardiovascular disease [79,80]. Indeed, it may be
assumed that folate levels of the mother were sufficiently high to prevent
neural tube defects in the baby. We did however find that infant oral
and fecal microbiotas were associated with the maternal breast milk
microbiota. Thus, this suggests a mechanism, outside the maternal gut,
by which the mother could be passing on her nutrition and health status
to her child, albeit in the long-term. In relation to this, there is strong
evidence for a link between early microbiota composition and later
appearance of childhood disease [81]. But, as we have argued, the type
of diet consumed and the composition of maternal microbiota seem
somewhat unimportant in predicting immediate pregnancy outcomes.

There are very limited dietary guidelines for conception, apart
from avoidance of alcohol, caffeine, artificial sweeteners, recreational
drugs, cigarettes, vitamin A and liver products. The US Public Health
Service and British Nutrition Foundation recommend that women of
childbearing age obtain 400 micrograms (mg) of folate or folic acid
each day, and 1000 mg calcium. Some organizations also recommend
15 mg a day of zinc to support ovulation and fertility. In men, selenium
is recommended to support semen and testosterone production.
Notably, increased consumption of fermented foods is recommended
on many online resources, mostly for their ability to aid in digestion
and nutrient uptake. To date, the potential importance of lactobacilli
from fermented foods, being a source of alpha-linoleic acid or helping

Wheat/Maize/Starch Products

Have you had any wheat/maize/rice 1. Yes
products? ie. ugall, chapata, bread? 2 Ne
What King? (circle all that apply) 1. Ugali 7. Keki
2. Rice B. Vitumbua
3. Coocked Banana 9. Ui
4. Bread 10. Chipsi
5. Chapat 11. Chipsi Mayi
B. Mandazi 12. Other:

Detailed Information: For each item circled above, give the approximate time it was consumed
(maorming, midday, evening), the amaunt and how it was cooked (baked, boiled, fried, ete.) Make sure to
state if you added any salt, cooked it in butter or oil, etc, and the approximate amounts of each additive.

Day 1: Day 2:

Morning Morning

Item Amount Cooked Item Amount Cooked
Midday Midday

Item Amount Cooked Item Amount Cooked
Evening Evening

Item | Amount Cooked | Item Amount Cooked

Figure 2: Dietary recall format, completed Wheat/Maize/Starch Products
section of the dietary recall. Additional types of food surveyed include roots
and tubers, fruits, vegetables, meat, fish, eggs, beans and milk products.
Sugar products, beverages and salt intake were also recorded. For each
section, the type of food, amount, time (breakfast, lunch or dinner) and
method of cooking were recorded.
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to improve vaginal health, have not been widely considered as part of
dietary recommendations for pregnancy [82]. Given the importance
of the former in neural development [83] and the latter in potentially
countering bacterial vaginosis and preterm birth [84], further
studies are merited. The lactobacilli may also be beneficial to counter
environmental toxins [85], which some naturopaths encourage
avoidance of by consuming of fresh, organically grown food [86].
Toxins, such as mercury and organochlorine pesticides, are known to
adversely affect pregnancy and infant outcomes including birth size,
reflexes, attention, alertness and performance impairment [87-91].
Guidelines are needed for pregnancy given the widespread presence of
these compounds in developed and developing countries [92,93].

It seems prudent that we do not jump to conclude that one diet
is more healthy than another. In the 1970s, MacDonald’s promoted
‘cheap, quick and tasty’ foods that resulted in countries around the
world seeking out the fast food chains and eating out more than at
home [94]. Ironically, the sought-after ‘Western’ diet has now expanded
to many developing countries and is changing the profile of diseases
causing death. This is a form of ‘nutrition transition’ first described
in 1902 at a Missionary hospital in Labrador, Canada, where doctors
could not find any cancer, asthma, appendicitis or other “European”
diseases amongst the Eskimo, who were meat eaters with practically no
vegetables in their diet. But, they witnessed a ‘nutrition transition’ to
westernized food that was followed by significant increases in cancer
rates [95].

In Africa today, younger generations are attracted to fast, poorly-
nutritious lifestyle foods, rather than traditional, home-made,
fermented foods [96]. Presumably, the microbiota of the gut will
transition accordingly, but perhaps not fast or effectively enough, as
seems to be the case for Somali immigrants to the developing world,
where their newborns are experiencing high rates of autism [97]. It
remains to be determined if such diseases are caused by how microbes
adapt to the dietary changes.

It should be remembered that despite vastly different diets, women
around the world continue to give birth to healthy babies, as far as
can be determined. There is clearly a knowledge gap for maternal
genetics, diet and microbiota and health of the fetus and growing child.
By focusing on the first 1000 or so days of life, it may be possible to
improve how we produce and allocate food, and provide a newborn
with the best chance of leading a long and productive life [98]. The
diverse nature of many societies requires a re-examination of national
food guides to better link microbiota profiles with diet, since this is
potentially a better predictor of diseases [99]. Furthermore, longevity
figures and disease profiles for developed and developing countries do
not necessarily reflect diet and gut microbial composition, exemplified
by Venezuela. As such, we hypothesize that microbes can play a major
role in reproduction and overall health, but it is how they function
irrespective of diet, rather than their diversity and composition, that
is most important.

In an emerging global society, with foods traveling across
continents so that the developed world may eat what they want when
they want, we must study more intensely the impact this has on the
human microbiome, and how these microbes interact with the foods
and human host. Developing countries, such as Malawi and BF,
may well be an example where a core diet exists that is sufficient for
reproduction and survival of the human species. Understanding this
and supplementing newborns with specific foods that decrease the risk
of malnutrition could help humankind better balance the food supply
needed in the future.
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