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13 I D Poster  

Introduction 

Breast milk fatty acid composition and Awith reference to the omega- 6 to omega-3 ratios  in Egyptian womendelivered at term and prematurely. 

L. Hussein1, M. Ali1, K.S. Kuhn2, P. Furst2 
1) Department of Nutrition - National Research Center, Giza - Dokki  12311-El-Tahrir Str.- Egypt, (dr.lailahussein@yahoo.com). 

2) Institute of Biological Chemistry & Nutrition, UnivHohenheim (140), D-70593 Stuttgart, Germany.  
 

Exclusive breastfeeding is the optimal food for the first 6 months of post natal life (WHO, 2011) 
The lipids of human milk are in the form of triacyl glycerides (TG), esterified to saturated (SFA), mono-unsaturated (MUFA) 
and polyunsaturated (PUFA) fatty acids (FA). Four essential FA'   linoleic acid (LA; 18:2 ώ-6)  α-linolenic acid (ALA, 18:3  -3) 
; the long chain polyunsaturated fatty acids (LCPUFA) arachidonic (AA; C20:46) and docosohexanoic acid  (DHA C22:4 -3) 
cannot be synthesized by the human body and should be supplied by dietary sources. DHA accounts for about 20–50% of 
FAs' in the brain & Mean brain DHA stores are ca 905mg in 6 month old nursing infants; about 50% the whole body stores 
(900 vs 1900 mg). High levels of DHA in the milk of lactating mothers is an indicator of the  intake of  omega -3 rich oily 
fishes and is a predictor of Higher cognitive function, stereoacuity & visual acuity among preschool and school children.  
Premature babies born before <37 weeks gestation have no reserves of DHA & accordingly, they are at high risk of 
developing early deficit in DHA & disabilities, such as motor impairment, learning disabilities and speech delay.  

Objective of the study 
To assess  the FA composition and adequacy of  the essential  omega -3 FAs'   in the mature milk collected from lactating 
mothers delivered at term & prematurely.  
To estimate daily intake of essential FAs' among lactating mothers delivered at term and prematurely 
Identifying major underlying determinant maternal factors for  delivering prematurely Recommending strategies to 
optimize the status of essential omega - 3 FAs’ among poor  lactating mothers and preterm infants. 

Materials   and  Methods 

The study consisted of  119 women with mean age of 25.0±1.35 (ranging between  18 – 33 years), recruited from the 
public hospitals located in Giza and Sohag, respectively  

The study protocol and all informed consent documents were approved by 
Ethics committees of the 2 Hospitals. After explaining the detailed objectives 
of the study, 59 lactating mothers accepted home visits for monitoring the 
growth velocity of the nursing infant, milk sampling and 24 h dietary recall. 
All newborns were singleton births. The gestation age of full term neonates 
averaged  39.89±0.05 weeks (38 – 40) ; with  mean birth weight of 2.5- 4 kg; 
while the gestation age of preterm newborns averaged 33.8±0.64 weeks (28 - 
34)  with uncomplicated premature rupture of the membranes  and their body 
weights fluctuated between 1.5 – 2.6 kg. 

Measurement of recumbent length 

Table (1): Schedule for  sampling of mature milk  from lactating mothers giving birth at term or prematurity 

  recumbent length , ightAnthropometric measurements of the body we   
Collection of mature milk was completed according to a time schedule  at different  lactation periods  with median of 6 
weeks Table (1) The mothers were instructed to express breast milk manually into sterile vials after the regular feeding 
of the babies, who were exclusively breast-fed.  

Total 

(Months)Lactation period 

Sex of nursing infant Gestation 
6< 3.1- 6 1-3 <1 

30 2 3 **19 6 Boys 
Full term 

13 - 10 3 - Girls 

10   1 6 3* Boys 
Preterm   

6 2 - 3 1 Girls 

59 4 14 31 10 Total milk samples 

 **Two nursing infants died; *One nursing infant died 

Measurement of head circumference vth 

The breast milk samples were kept in a cool-box during transportation to the laboratory, where they were stored at -
800C for subsequent FA analysis. 
Assessment of maternal  dietary intake ,  fat and LA, ALA, AA, EPA  and DHA using our  nutrient database (Hussein et al., 
2001).  Comparison with  the acceptable adequate intakes (AI) 
Laboratory investigations   The milk fatty acid methyl esters were quantified by gas chromatography (GC) (Perkin Elmer, 
Norwalk, USA) equipped with a flame ionization detector (Sigma 2000, Perkin Elmer, USA). Fatty acids were identified 
by their retention time and were quantified by the amount of internal standard recovered and by comparison with 
authentic lipid standards (Sigma, Deisenhofen, Germany). The FA concentrations were expressed as specific FAs (weight 
% total identified FA in milk lipid). 

Results 

Twenty one FAs’  with chain lengths between C12 and C24 were separated and  Table (2) presents the  Fatty acid 
composition (Weight percent ) in mature milk from mothers of term and preterm infants.  

Fatty Acid 
Full term   Preterm   P 

Mean ±SE , % of total FA results  

Total  Saturated (7 FA) 49.22±1.32 49.46±1.92   

Total Monounsaturated (5 FA) 30.94±1.27 32.33±1.31   

Linoleic C18:26 17.32±0.94 15.22±1.91   

-Linolenic C18:3-6 0.13±0.01 0.12±0.02   

α - linolenic C18:3-3 0.57±0.05 0.44±0.06   

Eicosadienoic; C20:26 0.47±0.02 0.59±0.05 <0.05 

Eicosotrienoic acid ; C20:36 0.45±0.03 0.56±0.04 <0.05 

Arachidonic; C20:46 0.44±0.02a 0.69±0.10b <0.05 

Eicosapentaenoic ; C20:56 0.15±0.01 0.15±0.02   

Docosatetraenoic ; C22:46 0.16±0.01 0.26±0.07   

Docosahexanoic C22:63 0.24±0.03 0.22±0.02 0.23±0.02 

LA : ALA ratio 30.4 34.6 31.5 

Saturated FAs made up half the total (49 weight %) in mature milk collected from lactating mothers delivered at term or prematurely.  
Lauric & myristic FA with chain lengths up to C14 are synthesized in the human milk and their levels averaged  10.1  9.6, respectively . 
 Palmitic acid (C16:0) concentration (22.5- 27.9 wt %) can be potentially synthesized up to 74% from starch under low dietary fat intake.  
Its  high % absorption from  human milk is due to esterification at the sn-2 position of the triglycerides.  
Oleic acid was the dominant MUFA in the milks of mothers with term (28.6 wt %) and preterm infants (29.5 wt %) and this FA provides the 
liquidity required for the formation, transport and metabolism of milk fat globules.  
Milk Linoleic acid concentration averaged 16.7 (8.6-26.9 wt %) and represented 85.9 wt % of total PUFA.  The increase in LA concentration in the 
milk reflects the secular increase of dietary consumption of seed & vegetable oils .  
Mean ALA concentrations of 0.57±0.05 and 0.44±0.06 wt % were found in the milks of the lactating mothers with term and preterm babies, 
respectively.  
The average concentrations of the essential linoleic (- 6) and alpha linolenic (- 3) didn’t differ significantly (P>0.05) in mature milks collected 
from lactating mothers delivered at term or prematurely. The ratios of LA /ALA were quite wide averaging 30.4 and 34.6 in mature milks of 
mothers with term and preterm babies , respectively, and did not also reach the recommended optimum ratio of 5 - 10 to 1.  
The respective milk DHA concentrations of 0.16 (52 %) wt % and  0.26 (84.8 %) wt % in the milks of  mothers delivered at term and prematurely, 
respectively  did not also reach the recommended optimum requirement of 0.32± 0.22wt %.  
The mean PUFA / SFA of 0.39 is quite overlapping with the respective figures of 0.32 – 0.35 reported in Germany . 
Figure (3) illustrates the concentrations  (weight %) of (7) long chain FAs' in the milks of lactating mothers  of  mothers delivered at term and 
prematuly. Milks of mothers delivered prematurely had many unique characteristics, which were due to their lower body fat composition 
leading to the true biological differences in the composition of milks. These milks were rich  in the FA metabolites (total 2.22 wt%): gamma-
linolenic acid (γLA), dihomo-gamma-linolenic acid (C20:3 ɷ -6), eicosatrienoic acid (C20:3 ɷ -3)and AA (C20:4 ɷ -6) compared with respective FA 
concentration in the milks of mothers who delivered at term, in agreement with earlier findings.  
The high intermediate FAs’ had been interpreted to be due to a “blockade” and impaired synthesis of LCPUFAs from precursors, with an urgent 
need for providing both preformed AA and DHA for premature infants.  
Other investigators  suggested that the presence of the intermediate metabolites enhance the fat and calcium absorption by the breast fed 
preterm infant. 

Mean ratios  of milk AA/DHA averaged  1.83 and 3.14 in the mothers delivered at term and prematurely, respectively 
and was significantly higher (P<0.05) by 71.6 % in the milk of pretermed infants compared to the respective ratio at 
term. Typical  breast milk AA acid to DHA is in the range  1.5 to 2-fold  to 1.0.  
Ratios of Σ(n-6) LCPUFA to  Σ(n-3) LCPUFA averaged 3.9 and 5.7 in the milks of lactating mothers who delivered at term 
or prematurely, respectively. Much lowered respective ratios of 0.71 and 0.73 were reported in the milk of lactating 
mothers at 6th and 12 week post partum, respectively who received nutritional intervention (Much et al., 2013).  

The ratio of total FA with tri unsaturated FA to  4 unsaturated FA averaged 1.92 and 1.18 in the milk of mothers with term and preterm 
babies, respectively. Respective ratio is approximately 0.4 under acceptable dietary ALA status, while the high ratio predicts poor ALA status  
Dietary assessment  

All women in the study were consuming typical Egyptian omnivorous diet. Table (3) presents the contribution of nine major food groups 
to daily fat and fatty acid intakes. Weighted daily intake of fish averaged 20 g, supplying on the average 282 mg of LCPUFAɷ-3. Fried Nile 
tilapia (Oreochromisniloticus) represented 90 % of all sea foods consumed which supplied 8.9 g lipid. The concentration of the EPA, DPA 
and DHA in fried Tilapia were 8.1, 2.7 and 5.0 wt %, respectively. Fish intake in Egypt constitutes approximately 27 % of total meat 
consumption [58]. The total LCPUFAn-3 fatty acid supply averaged 0.47 % total energy, which is higher than the recommended intake of 
0.4 % of daily dietary energy supply for infants and young children, and almost equal to the minimum recommended level (0.5% E) for 
pregnant and lactating women. For comparison to other studies, the estimated dietary supply of DHA in the present study was 115 mg per 
day, and of Σ(n-3) LCPUFA 671 mg.  
Median AA intake was 107 mg daily. A wide range of oilseeds rich in linoleic acid occupy a prominent place in the Egyptian cuisine. 
According to official statistical data, the tropical palm oil (38.8 % of total vegetable oils) is the major contributor to visible fat followed by 
sunflower (17.5%), cottonseed (12.2 %); soybeans (10.4 %); butter ghee (10.6 %) and animal fats (5%). Palm oil, which has been 
introduced for the first time to the country during the last decade is quite rich in the saturated FAs lauric and stearic and has low ratio of 
MUFA + PUFA / SFA. Approximately, 91 % of the supply of PUFA came from cereals, legumes and vegetable oils (Table 4), some of which 
have acceptable α-linolenic acid (ALA) content. FAO/WHO (2008) [63]) Minimum daily requirements of omega – 3 fatty acids for lactating 
mothers delivered at term and prematurely were 200 and 1000 mg, respectively .  Naturally trans fats (ruminant TFA) present in small 
amounts in the fat of meat and milk does not appear to be critical in practice . Pregnant and lactating mothers exposed to dietary TFA 
impaired the biosynthesis of LCPUFA in the embryonic stage 

Identifying determinant factors causing delivering prematurely 

 

Conclusion  and   Recommendations 
 

The  results were interpreted on the basis of  variation in biological,  social and eating habits. 
Preterm infants are at high risk group due to unique  biological sub optimal early exposures & are in urgent need  to suitable 
intervention strategies in the immediate post-natal period. The challenges in ensuring optimal intake for the preterm infant 
requires synchronizing the optimal dose of DHA & timing of supplementation during the last trimester of pregnancy and to the 
child through the second year of life.  
The practice of direct supplementation of the neonate’s milk with an exogenous supplement is compelling and can be difficult.  
Priorities to Health care of pregnant women should be considered to minimize delivering  prematurely.  
Starting week 20 of pregnancy until delivery, one weekly intake of 1 - 2 portions of fatty fish should be advocated to  achieve 200–
300 mg DHA/day , thus promote LC-PUFAώ-3 concentrations in breast milk and improve the overall health status of pregnant & 
lactating mothers..  
Fortified foods and fish oil supplements are large market growth areas by commercial sales figures.  
No reliable data indicate  the amounts of EPA and DHA these products contribute to the pregnant and lactating women diets. The 
majority of the randomized control trial (RCT) carried out to evaluate the effect of supplementation with LCPUFA on 
neurodevelopmental outcomes, visual acuity and physical growth of term infants have not shown beneficial effects and the 
routine supplementation is not recommended. 
Most of the reported RCT have been performed with DHA and AA intakes in the current Western human milk range, which might 
not be applicable under the situation prevailing in Egypt.  
A food policy strategy should reconsider the introduction of vegetable oils high in cis-unsaturated fats and n-3 fatty acids (e.g. 
linnen oil ). that are also low in SFAs; thus, increasing cost effectiveness of the intervention.  
Acknowledgement We thank the lactating women for their collaboration. One of the authors (LH) was the recipient of a DFG 
fellowship to the University of Hohenheim, Germany. We dedicate this work to the memory of our coauthor, beloved scientist, 
teacher and friend the late Peter Furst, who contributed to the science of nutrition research.  
 



INTAKE OF HUMAN  MILK AND BODY COMPOSITION IN LATIN AMERICAN INFANTS

Background: Breastfeeding seems to be important for obesity prevention. One of the difficulties in analyzing this association in infants is
assessment of the intake of human milk and body composition. Stable isotope techniques can be used to measure both factors.

Objective: To evaluate human milk intake and body composition in infants younger than 6 months in Latin America .

Methods: Multicenter cross sectional study (8 countries) with convenience (not random) sampling. Healthy, single birth, full term infants
who were breastfed non-smoking mothers or not suffering from severe depression. The intake of human milk and body composition of
infants were evaluated at three months by deuterium dilution method (DD). The Height/Age-z and BMI-z were calculated (WHO 2007).
The body composition was indicated as FMI (Fat mass in kg/ height in m2) and FFMI (Fat free mass in kg/height in m2) . Breastfeeding
was classified as exclusive (EBF) and not exclusive (NEBF) according to the mother’s report or if they consumed more than 52 g/day of
water from liquids other than human milk. Descriptive statistics were carried out using the average and standard deviation or median and
interquartile range according to their distribution. After that we used ANOVA or Kruskal –Wallis test and Chi square. This study was
approved by an Ethic Committee in each country and the mothers gave their informed consent.

Results: We evaluated 235 mother-infant pairs. The human milk intake was 882 g/d (CI 818 to 890) and 553 g/d (CI 441 to 559) in infants
who were EBF and NEBF respectively (ANOVA < p 0.001). Significant differences were not found in FMI and FFMI between infants with
EBF and NEBF according to mothers’ reports (FMI 4.6 vs 4.3 y FFMI 13.6 vs 13.4 respectively). A significant difference was found
between the frequency of EBF according to mothers’ report and the DD method (Chi p < 0.001)

Authors: WEISSTAUB, G 1 ; PALLARO, A  2; RAMOS DA SILVA, V 3 ; SILVA,  J3; DELLA SANTA, A  4; DÍAZ SÁNCHEZ, M E 5 ; AGUILAR LEMA, E 6; THEN 

PAULINO, A 7; SLATER, C 8 Email: gweiss@inta.uchile.cl

1 Institute of Nutrition and Food Technology, University of Chile (CHL). 2 Chair of Nutrition, Faculty of Pharmacy and Biochemistry, University of Buenos Aires, Argentina (ARG). 3

School of Sciences of Santa Casa de Misericórdia de Vitória, Brasil (BRA). 4 University of the Republic, Uruguay (URY) 5 National Institute of Hygiene, Epidemiology and

Microbiology, Cuba (CUB). 6 Ministry of Health, Ecuador. (ECU), Guatemala (GMT). 7 Ministry of Public Health, Dominican Republic. (DOM) 8 Independent consultant.

Conclusions

 Human milk intake was variable among countries

 Mothers´report overestimated EBF frequency

 In our study we did not find a difference in body

compostiton between EBF and NEBF infants at three

months of age.

Conflicts of interest: Authors declare no conflicts of
interest
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the International Atomic Energy Agency (IAEA)

TOTAL ARG BRA CUB CHL ECU GTM DOM URY

n 235 17 35 23 52 14 35 38 21

% 100 7.2 15.0 9.8 22.1 6.0 14.8 16.1 9.0

Mothers

Age (years) 27.0 ±6.2 28.2 ±4.2 27.0±4.0 26.1 0± 7.4 26.5 ±5.9 27.7 ±6.4 27.0 ±5.9 25.0 ±5.8 32.6 ±5.5

BMI 25.6 ± 4.2  25.1  ±4.1 24.5 ±4.0 25.4 ±6.5 26.4 ±3.8 24.7 ±2.6 26.6 ±3.4 25.5 ±4.6 24.7 ±3.8

Nutritional Status

Underweight  % 2.6 0 8.6 4.3 1.9 0 0 2.6 0

Normal  % 48.6 52.9 54.37 56.5 32.7 64.9 40.0 44.7 57.1

Overweight % 34.5 29.4 25.7 26.1 44.2 28.6 40.0 34.2 33.3

Obesity % 16.2 17.6 11.4 13.0 21.2 7.1 20.0 18.4 9.5

Mothers Education **

Elementary % 21.8 29.4 22.2 0.0 7.8 21.4 44.1 31.6 19.0

High School % 37.8 23.5 55.6 26.1 56.9 42.9 14.7 42.1 19.0

Higher Education % 40.4 47.1 22.2 73.9 35.3 35.7 41.2 26.3 61.9

Mothers work % 16.3 60 0 0 5.7 0 14.2 18.4 66.6

Infants

Age (month) 3.8±0.0 4.2±0.6 4.5±0.5 3.8±0.2 3.7±0.3 2.5±0.7 4.0±0.4 3.5±0.3 3.5±0.1

Girls (%) 48.5 47.0 57.1 43.4 38.6 64.2 51.4 52.6 42.8

PNB Birth weight (kg) 3.0 ±0.4 3.3±0.4 3.2±0.3 3.4±0.6 3.4±0.5 3.0 ± 0,3 3.0±0.5 3.1±0.4 3.2 ±0,4

W/H z 0.4±1.1 0.1±1.2 O.5±1.0 0.1±1.0 0.7±0.9 -0.2±1.4 0.5 ±1.2 0.3±1.3 0.9±0.9

H/A z * -1.0±1.1 -0.8±1.3 -0.5±0.8 -0.9±0.9 -1.0±0.8 -1.0±1.7 -1.6±0.9 -1.2±1.4 -0.76±1.2

Table 1. General characteristics of the sample  (*ANOVA p=0.006  **chi2 <0.001)

TOTAL ARG BRA CUB CHL ECU GTM DOM URY

n 235 17 35 23 52 14 35 38 21

% EBF mothers report **.                         60.0 64.7 91.4 26.0 75.0 71.4 48.5 26.3 76.1    

% EBF by DD (<52 g) 34.4 58.8 42 8,6 59.6 14.2 31.4 0 57.1

Intake Human Milk (g)

Median * 769 850 910 554 902 714 739 311 792

Percentil 75 920 964 1049 789 1026 856 796 468 704

Percentil 25 557 654 725 310 771 595 502 193 882

Intake other liquids (g)

Mediana 85 43 57 276 30 172 85 348 37

Percentil 75 275 73 76 651 135 235 228 798 136

Percentil 25 22 8 10 69 10 85 27 245 0

Table 2. Intake of Human Milk and others liquids (*Kruskal – Wallis p< 0. 001, **Chi2 p <0.001) 

BF exclusive BF not exclusive
n 141 91
Human Milk intake (g) * 882 (752 - 985) 553( 287 - 685)
Others liquids intake (g) * 32. 5 (0 - 83) 278 (165 - 610)
Mothers

Age (years) 27.4 ±5.9 26.3 ± 6.6
Higher education % 37 42
Work % 14 19
BMI  z 25.4 ±3.2 25.8±4.7
Overweight/Obesity % 50% 53%
FFM (kg) 40.1 ±5.3 40. 8± 6.3
FFMI (kg/m2) 16.0 ±1.6 16.4 ±2.1
FM (kg) 23.3 ±7.9 22.1 ±8.4
FMI (kg/m2) 9.2 ±2.9 8.9 ±3.1 

Infants 64 23
Age (months) 3.8  ± 0.6 3.7 ± 0.5 
W/Hz 0.5   ±1.0 0.1  ±1.2
H/Az -0.9  ±1.0 -1.1 ±1.2

FFM (kg) 5.1   ±0.7 4.8 ±0.6 
FFMI (kg/m2) 13.6 ±1.4 13.4 ±1.4
FM (kg) 1.7 ±0.5 1.5 ±0.3
FMI (kg/m2) 4.6 ±1.4 4.3 ±0.8

Table 3. Body Composition in infants with EBF and NEBF ( * p<0,001 , T test)
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Malnutrition and inadequate breastfeeding practice among mother-baby 
pairs during the first six month after birth in Burkina Faso

Nadine M. Coulibaly1 ,  Jean-Bosco Ouedraogo1

1 Institut de Recherche en Sciences  de la Santé, Bobo-Dioulasso, Burkina Faso

Introduction
Understanding infant feeding patterns and maternal nutritional status is essential for better intervention during the 1000 days’ window of opportunity. In this 
work we described exclusive breastfeeding (EBF) practice and the nutritional status of mother-baby pair during lactation from birth up to six month using 
deuterium dilution technique.

References:
1  Coward AW, Cole TJ, Sawyer MB and Prentice AM (1982). Breast milk intake measurement in mixed-fed infant by administration of deuterium oxide to their mothers, Hum. Nutr. Clin. Nutr
2  International  Atomic Energy Agency.  Stable isotopes technique to assess intake of human milk in breastfed infants, IAEA Human Health Series n° 7, IAEA/NARHES, Vienna , Austria (2010)

Conclusion
There was a double burden of malnutrition among mother-baby pairs in the Kou Valley. 
For effective intervention, this work suggests that, the longitudinal monitoring with deuterium dilution technique documented well the EBF practice more than cross sectional 
evaluation. 

International Symposium on Understanding the double burden of Malnutrition for Effective Intervention , IAEA HQ, Vienna- Austria 2018

Methods
1. Subject
Forty six mother-baby pairs  were recruited  at the baby birth and follow up to 6 months The study was conducted in Kou Valley rural area in the Western of Burkina  Faso. 
2. Anthropometry
Infant nutritional status was assess according WHO standard  at 1-2 w and  2, 4 and 6 mo by measuring weigh and length. Mother BMI was also calculate after weigh and height 
measurement at the same period.
3. Deuterium dilution technique 
We used the deuterium oxide dose-to-the mother technique (1) to measure the human milk intake (HM) as well as the non-milk water intake (non-HM) by the baby and maternal 

body composition at  at 3, 6, 9 and 12 mo.

4. Mother’s hemoglobin level
Hemoglobin level was determined at each period of the follow up using HemoCue machine.

After 
weighting 

the 
mother 
and the 

baby, 
baseline 

saliva 
sample 

are 
collected 
from her 
and the 

baby.

The mother drink 30 g of 
deuterium oxide (D2O). 

The mother feeds her 
baby as usual and the 
baby ingests 2H via  
breast milk.

The post dose saliva samples
are collected from the mother
and her baby 1, 2, 3, 4, 13 and
14 days after the dose was
given. The D2O enrichment in
saliva is measured by FTIR
(Fourier Transformed Infrared
Spectrometer)

DBMAL-119

Results
Malnutrition was present among the mothers as well as their babies.

*mean with 95% CI in parenthesis, all such value

The mother body composition 
was determined as fat free 

mass (FFM) and the fat mass 
(FM) by back extrapolation to 

the day 1 enrichment in 
mother.

The calculation of the 
quantity of milk absorbed 

by the baby, as well as 
non-milk water intake is 

based on the 2 
compartment model of 

water flow at steady state 
in the mother and baby 

(2). 

1) Maternal nutrition status
Anemia was coupled with overweight up to 6 mo. The proportion of anemia was very 
high even if it decreased significantly from 76% at 1-2 w, to 47 % at 4 mo. The FMI 
indicated that over fat was 14% at birth and 18.3% at 4 mo

2) Infant nutritional status 
Wasting was present among babies during all the follow up (WHZ<-2 was 16.3% at 2w, 
6.6 % at 4 mo and increased to 22.7 % at 6 mo. 

3) Fluids intake by the babies
Early consumption of water from source other than milk.

Birth (2 w) 2 mo 4 mo 6 mo

Weigh (kg) 3 (3.1, 3.5)* 5.6 (5.4, 5.9) 6.7 (6.4, 7.0) 6.9 (6.6, 7.2)

WHZ -0.5 (-1.0, 0.2) 0.1 (-0.3, 0.5) -0.2 (-0.5, 0.2) -1.1 (-1.5, 0.7)

WHZ<-2 (%) 16.0 2.0 6.8 22.7
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4) Exclusive breastfeeding rate (%) during the follow-up (n=36)
EBF practice was discontinuous.



Adolescent Health: 

Long term health effects of pubertal timing in Mexican women

Authors: Inga Petersohn (MSc), Arli Zarate Ortiz (PhD candidate), Dr. Alida Melse-Boonstra

Division of Human Nutrition and Health, Wageningen University & Research, the Netherlands

Background

Adolescense: The transition phase from childhood to adulthood when

skills, knowledge and moral thinking develop.

Puberty: The process of sexual maturation, including changes in body

composition and psychological development.

Menarche: The first menstruation, the onset depends on genetic and 

environmental factors such as: body weight, living conditions, 

nutrition, overall health and socioeconomic status.

Links with health: In several countries an association between early

age at menarche (AAM) and non-communicable diseases, including 

hypertension, diabetes, cancer and depression has been found. 

Further, an association between AAM and elevated BMI and shorter

adult stature has been observed. Globally, in several developed and 

developing countires a trend towards an earlier AAM has been seen.

Objectives

Conclusions

1) To investigate the association between the age at menarche 

and nutritional status and health indicators later in life among 

Mexican women aged between 20 and 98 years.

2) To study the presence of a time trend of age at menarche from 

1902 until 1980 amongst Mexican women.

Time trend of age at menarche

Figure 2. Trend towards a younger age at menarche in Mexican women between the 1900s and 

1980s.

Amongst the population studied:

• Early AAM was associated with higher weight and BMI in adulthood

• Early AAM was associated with a decreased final height

• Early AAM increases risk of diabetes and hypercholestorelemia

• There is a trend towards a younger AAM in Mexico during the 

previous century

 Pubertal onset can play an important role in the 

development of overweight/obesity and chronic diseases.

Wageningen University & Research 

Droevendaalsesteeg 4, 6708 PB Wageningen

Contact: inga.petersohn@outlook.de

Outcome β estimate 95 % CI

BMI -1.01* -1.007 , -1.006

Weight -1.01* -1.006 , -1.004

Height 0.18* -0.112 , -0.231

*p < 0.001
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Methods

Secondary cross-sectional study

Table 1. β estimates of the association between AAM and variables representing nutritional 

status. 
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Study population: 30,628 
Mexican women aged >20

Initial population: Mexican 
National Health Survey (Encuesta 

Nacional de Salud – ENSA) of 2000 
including 45,726 households

Design

Figure 1. Study design.

Analysis

Objective 1: Multiple linear regression, log binomial regression with 

complementary log log link

Objective 2: Analysis of variances (Welch ANOVA), Games-Howell 

post-Hoc test

• Mean AAM was 13.02 years (SD = 1.51)

• 14 % were classified as having an “early” AAM (< 12 years)

• 70 % had a “normal” AAM (12 – 14 years)

• 16 % were considered “late” (> 14 years)

Table 2. Relative risks of the association between AAM and several non-communicable 

diseases. 

Outcome RR1 95 % CI

Diabetes 0.95* 0.93 , 0.98

Hypertension 1.00 0.98 , 1.02

Hypercholesterolemia 0.93* 0.90 , 0.95

Breast cancer 0.95 0.98 , 1.02

Arthritis 1.00 0.97 , 1.03

1 adjusted for BMI, age, BMI-age interaction and family history of disease
*p < 0.001

Age at menarche and disease status

Results

• With each one-year increase in AAM, adulthood BMI decreased by
1.01 units (kg/m²) while final hight increased by 0.18 cm.

• Diabetes and hypercholesterolemia were significantly associated 
with AAM, with RRs of 0.95 and 0.93, respectively.
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Some predictors of maternal breastmilk output as 

possible determinants of growth variations among 

Kenyan <6mo old infants in a high HIV-prevalent area  

Irrespective of maternal HIV status, breastmilk is recommended for  
<6mo infants as the sole source of nourishment and other bio-actives 
for sound growth and development1. Among mothers, there are differ-
ences in HIV-status, breastfeeding practices and breastmilk output, 
and these elicit variations in their infants’ growth2,3. An understanding 
of the predictors of breastmilk out in high HIV-prevalent area is thus 
critical in foretelling infant growth faltering and informing relevant 
interventions in such  set-ups.  

Background 
In Siaya County, Kenya where HIV prevalence among 
women is one of the highest in the country (25.3%)4, data  
for 122 mother-infant dyads who completed both 6wk and 
follow-up 6mo deuterium oxide measurements was ana-
lyzed. At recruitment (6wk), the mother-infant pairs were 
profiled for HIV-status, ART intake, anthropometry and 
socioeconomic status. Dyads with HIV infected infants and 
those with birth weight <2,500g were excluded. Breastmilk 
output was measured using dose-to-the-mother deuterium 
oxide dilution technique, which also estimates maternal 
Free Fat Mass (FFM). Breastmilk output was correlated 
with some maternal and infant factors while controlling for 
maternal HIV status. 

Methods 

Results and Interpretation 

At the time of recruitment, HIV-infected (55% of 
recruited) and uninfected mothers were comparable 
in socio-economic characteristics, except for their 
ages where the HIV-infected were older. 
 
Figure 1 shows that breastmilk output/infant intake 

were comparable to the infant age-specific expected 
amounts2.   

Figure 1: Breast output verses expected the expected (n=122) 

Characteristics 6 wk 6 mo Change between 
6 weeks and 6 
monthsb 

Maternal factors       

Age -0.12 0.085 0.16 

Years in school 0.13 0.085 -0.04 

BMI 0.06 0.18* 0.04 

Weight 0.15 0.28** 0.10 

Height -0.05 -0.023 0.20* 

FFM 0.23** 0.36** 0.20* 

Infant factors       

Birth order -0.08 0.057 0.11 

Birth weight 0.27** 0.32* 0.022 

Present weight 0.47** 0.65 0.21* 

Weight-for-length 0.16 0.41** 0.10 

Sum skinfold thickness 0.33** 0.25** -0.06 

Table 1: Maternal and infant correlates of breastmilk output 6wk 
and 6mo postpartum 

Conclusion 

Using deuterium oxide dilution dose-to-the-mother  
technique we have shown that even in high a HIV-
prevalent area, maternal nutrition status and birth weight 
are key determinants of breastmilk output and conse-
quently of growth of infants <6mo olds. This adds impe-
tus to the renewed maternal nutrition interventional focus. 
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Table 1 shows maternal nutrition status (weight, BMI and 
FFM) were correlated with breastmilk output, so were in-
fant birth weight, present weight and skinfold thickness. 
Breastmilk intake is a determinant of infant growth, and 
thus  variations in growth may be explained  by mostly  
maternal nutrition status and infant birth weight.  

*p<0.05, **p<0.01. a Controlling for maternal HIV status. bChange in breast-
milk output correlated with the 6 months maternal and infant factors 

Objective: To analyze potential maternal and infant correlates of 
breastmilk output, utilizing data from a study estimating breastmilk 
output using stable isotope (deuterium oxide dilution) technique 
among HIV+ve and –ve mothers with HIV-uninfected infants. 
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