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Abstract

Objective: The objective of the present study was to evaluate the effect of settlement
on the nutrition and health status of pastoral women of reproductive age.
Design: A cross-sectional survey that included a 24 h dietary recall was
administered to 224 randomly selected Gabra women. Height and weight were
used to compute BMI. Whole capillary blood was used to measure Hb. Additional
capillary blood was collected on filter paper and dried blood spots were analysed
for transferritin receptor, C-reactive protein and a1-acid glycoprotein. Descriptive
statistics were used to analyse population characteristics. The t test and the x2 test
were used to determine population differences. Multiple criteria models were
used to determine the prevalence of Fe deficiency, anaemia and inflammation.
Setting: Settled and semi-settled women in Kalacha Location in Marsabit County,
Kenya.
Subject: Non-pregnant women aged 15–49 years.
Results: Fe repletion was observed in 43 % of settled and 40 % of semi-settled
women. Fe-deficiency erythropoiesis in was found in 18 % of settled and 20 % of
semi-settled women, whereas 15 % of settled compared with 25 % of semi-settled
women were suffering from Fe-deficiency anaemia. Anaemia due to chronic
diseases was more prevalent in semi-settled women than in settled women, and
more common than Fe-deficiency anaemia.
Conclusions: Settled women were significantly less anaemic than semi-settled
women, but had similarly high levels of chronic energy deficiency. While anaemia
and Fe deficiency were more pronounced in semi-settled than settled women,
anaemia of chronic disease and chronic infection were highly prevalent in both
communities. Policies should be put in place to improve overall nutrition among
pastoral women.
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African pastoralists are currently facing challenges such as

frequent droughts and floods, as well as high poverty

levels(1). These factors have further been exacerbated by

government policy frameworks that promote sedentary

livelihood systems. Sedentarization is a process where

pastoralists shift from nomadic or semi-nomadic livestock

production to permanent settlement and adopt new

livelihoods through agriculture, trade, or part- and full-

time urban occupation(2). While intended to promote

improved health and nutrition through market integration

and access to health care, the result is high population

pressure in permanent settlements, political insecurity

and economic stratification, leading to settled and semi-

settled households, especially in rangeland areas(3).

A change from nomadic to sedentary lifestyle has been

observed among the Fulani in West Africa, who keep

livestock as well as practise limited cultivation during

their migration(4).

In Marsabit County, Kenya, frequent droughts have

pushed many members of the Gabra community out

of traditional livestock monoculture(5). In addition,

increased population pressure has led to settlement

around the water points, which also act as trading centres

and relief food distribution points(6). This kind of settle-

ment has resulted in rapid changes in food availability as

well as food preferences(1). Generally, 59 to 64 % of

communities living in marginal areas of Marsabit County,

especially in Maikona Division, are considered food

poor(5). The result of this is high vulnerability to mal-

nutrition among women who are left in the settlement to

*Corresponding author: Email adongoam@yahoo.co.uk r The Authors 2012



care for children and the aged(7). Currently, most arid and

semi-arid land (ASAL) policies in Kenya encourage

sedentism as a solution to food insecurity(8). However, a

study conducted in Marsabit County showed dietary

inadequacies among settled Rendille women(9). Currently,

there are limited data on dietary intake, Fe deficiency,

anaemia and infection among Gabra women in both settled

and semi-settled households. Neither the Kenya Demo-

graphic and Health Surveys(10,11) nor the Kenya National

Micronutrient Survey(12) covered Marsabit District.

The objective of the present study was to evaluate the

effect of settlement on the nutrition and health status

(Fe deficiency and anaemia) of pastoralist Gabra women

of reproductive age. We tested the hypothesis that there

are no differences in dietary intake, body composition,

Fe status and infection between settled and semi-settled

Gabra women. Understanding women’s health and

nutrition is significant because its consequences affect

both the woman and her infants(13). Gabra women have

high maternal mortality rate, currently estimated at

599/100 000 live births compared with the national esti-

mate of 590/100 000 live births(14), that may be influenced

by nutritional status. The study results may assist policy

makers in designing food programmes and nutrition and

health interventions suited to pastoral conditions in

northern Kenya.

Materials and methods

Design and study population

A cross-sectional survey was conducted among settled

and semi-settled Gabra women in Kalacha Location in

northern Kenya. The study excluded women younger

than 15 years and older than 49 years, as well as pregnant

women and women with clinically acute or chronic illness

due to infection or inflammation.

Sampling procedure

A systematic sampling method described by Mugenda

and Mugenda(15) was used in which a sampling interval of

four was found by dividing the total number of house-

holds by the sample size of each settlement. Starting with

respondent number four and skipping every four names,

224 women (140 settled and eighty-four semi-settled

women) aged 15–49 years were recruited. Only one adult

woman was selected per household for administration of

the survey instruments after giving consent. The consent

was translated into the local Gabra language and was read

to the respondents, who were asked to provide oral

consent. One hundred women gave consent to blood

sampling. One blood sample was smudged and conse-

quently discarded, leaving ninety-nine samples (forty-one

from settled and fifty-eight from semi-settled women).

Blood sample size was low because some women

declined to give blood due to fear they would be tested

for HIV, despite the fact that the consent form stated

this test would not be conducted. However, the sample

size achieved for biochemical evaluation was above

one-third of the overall sample size required to make

generalizations of a population, as reported in the 1999

micronutrient survey in Kenya(12).

Questionnaire

Information on marital status, age, household size,

education levels, livestock numbers and income levels

(in Kenya shillings (KES), categorized as 1 5 KES

101–1000, 2 5 KES 1001–2000, 3 5 KES 2001–5000,

4 5 KES 5001–10 000 and 5 5 KES .10001) was collected

by the first author using a structured questionnaire. The

dependency ratio was calculated by dividing the total

number of household members by the number of

employed members of the household. Livestock numbers

were converted into Tropical Livestock Units (TLU) fol-

lowing the method of Fujita et al.(3). A 24h dietary recall

was conducted to estimate nutrient intake following

methods used by Maruapula and Chapman-Novakofski(16).

This allowed us to test the hypothesis of no difference in

nutrient intake between settled and semi-settled women.

Food estimation and conversion into actual weights were

done according to Gibson and Ferguson(17). Volumes of

local household utensils such glasses, cups, plates and

spoons were measured using a measuring cup graduated

both for weights and volumes. To convert to actual

measurements for analysis purposes, the volume of water

equivalent to the volume of the actual free-flowing food

or drink was measured using a measuring cylinder, and

then converted into weight equivalents of the actual food

or beverage consumed (1 litre was assumed to be

equivalent to 1 kg for free-flowing food). Mixed foods,

especially githeri (dry maize mixed with beans then

cooked), whose ingredients could not be quantified

during the survey were later cooked in the mixing

ratio reported by respondents. The study revealed three

mixing ratios (beans to maize) in Kalacha, namely 1:0?75;

1:0?5 and 1:1. In each cooked ratio, three scoops of a

standard measuring cup were randomly made with

thorough mixing after every scoop. The beans and maize

were separated and their weights determined using a

digital scale (model BA3105; Sartorius AG, Gottingen,

Germany). Graduated food models made from rubber

sponge borrowed from the Department of Nutrition at

Egerton University were used to estimate the weight of

solid foods. The results were then compared with nutrient

standards provided in the Nutrisurvey program(18) and

the Kenya Food Composition Tables(19).

Anthropometric assessment

Weight of the women was measured to the nearest 0?1 kg

using a SECA scale (model 7621019009; SECA, Hamburg,

Germany). Height was measured by use of a locally

improvised stadiometer to the nearest 1?0 mm(20).
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Blood sampling and biochemical analysis

The blood sampling was conducted by a qualified clinical

officer from Marsabit District Hospital and was supervised

by the lead author. To conduct this procedure, a puncture

site on the left ring finger or middle finger was disinfected

using methylated spirit. The ring finger was pricked

using a sterile disposable lancet, and the first drop was

discarded(21). The second drop was filled into a micro

cuvette by capillary action, then placed in a HemoCue�R

analyser (model 0402012008; HemoCue AB, Angelholm,

Sweden) for 15s and readings taken. The instrument was

calibrated daily. Two more drops of whole free-flowing

capillary blood were collected onto a standardized filter

paper (903; Whatman catalogue no. 10534612), allowed

to dry for 3–4 h and then stored frozen at 2208C(22,23).

Dried blood spots (DBS) were analysed for C-reactive

protein (CRP), an acute-phase protein that indicates

recent infection, and transferrin receptor (TfR) using

enzyme-linked immunoassay following the method of

Brindle et al.(24) that has previously been validated by

McDade and Shell-Duncan(25) and Shell-Duncan and

McDade(23). TfR is a sensitive indicator of Fe status that is

not influenced by infection(21). a1-Acid glycoprotein

(AGP), also called orosomucoid, which provides a mea-

sure of chronic infection, was measured from DBS using

an enzyme immunoassay kit (GenWay catalog no. 40-288-

22927F; BioTek Instruments Inc., Winooski, VT, USA) as

validated by Brindle et al.(26).

Data analysis

Data were analysed using the SPSS statistical software

package version 12 and results presented as frequencies,

means and standard deviations. The t test and the x2 test

were used to determine population differences. Confidence

level was set at 95% for all analyses (P # 0?05). The

Nutrisurvey for Windows program(18) was used to analyse

nutrient intakes and the results were compared with

Recommended Nutrient Intakes (RNI)(27) and the Kenya

Food Composition Table(20). BMI was calculated as weight

in kilograms divided by the square of height in metres(28)

and used to classify chronic energy deficiency (CED) using

the cut-off values established by Ferro-Luzzi et al.(29).

An Hb value of ,12 mg/dl was considered anaemic(22).

Established cut-off values for biochemical markers of Fe

and inflammation in DBS were used to identify women

with abnormal values: TfR . 5?0 mg/l, AGP . 1?0 g/l and

CRP . 2?0 mg/l. TfR, which is a sensitive indicator of

Fe status, has been found to be capable of detecting

Fe deficiency in the presence of anaemia (Fe-deficiency

anaemia (IDA)) as well as pre-anaemic Fe deficiency

(Fe-deficiency erythropoiesis (IDE))(30). It was therefore

possible to identify women who were Fe replete, and

those with IDE, with IDA and with anaemia caused by

a non-specific immune response to infection involving

Fe sequestration, i.e. anaemia of chronic disease (ACD).

This was done using the multiple criteria model, based on

having two or more of the four Fe status indices outside

the cut-off values(31,32). Fe replete was defined as normal

Hb (,12 mg/dl), normal TfR (,5?0 mg/l) and normal CRP

(,2?0 mg/l)/AGP (,1?0 g/l). IDE was defined as normal

Hb and elevated TfR. IDA was defined as low Hb and

elevated TfR, whereas ACD was defined as low Hb,

normal TfR, elevated CRP and/or AGP(32). CRP is an

indicator of acute infection, increasing and reaching a

maximum 24 h after the initial infection occurs(32). AGP

indicates the presence of chronic infection, reaching a

maximum between 2 and 5 d; because it rises and

declines more slowly than CRP it provides information

about recent illness as well. Combined measures of these

acute-phase proteins, as outlined by Thurnham and

Northrop-Clewes(33), were used to classify the illness of

individuals as follows: (i) healthy, no raised acute-phase

proteins; (ii) chronic illness, raised AGP only; (iii) current

infection, raised CRP and raised AGP; and (iv) recently ill

(acute), raised CRP with normal AGP.

Ethical approval

Ethical approval was obtained from the Kenya Medical

Research Institute/National Review and Ethics Committee

and Institutional Review Boards of the University of

Washington.

Results

Population characteristics

Table 1 summarizes the characteristics of the study

population. The mean age of settled women was sig-

nificantly (P 5 0?024) higher than that of semi-settled

women. A significantly (P 5 0?043) higher number of

semi-settled women were married compared with settled

women. There were more widows in settled households

than in semi-settled households. About 4?3 % of women

in settled households were either divorced or separated

compared with none of the semi-settled women. This

could have been one of the major determinants of

sedentarization, since mothers with no livestock have to

rely on relief food for livelihood sustenance. The main

religions were Christian, Islam and traditional. Education

standards were low. The majority of semi-settled women

had significantly (P 5 0?003) lower formal education

attendance than their settled counterparts. The mean TLU

was significantly (P , 0?001) higher in semi-settled

households than in settled households although it had no

correlation with nutritional status. There were significant

(P 5 0?054) differences in household income, with the

majority falling in the income range of KES 101–1000 ($US

1 5 KES 84), mainly from sale of their livestock. The mean

BMI of settled women was not significantly different

(P 5 0?168) from that of semi-settled women (Table 1).

Interestingly, for the ninety-nine women who were

evaluated for Fe status, BMI was significantly (P 5 0?028;
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two-tailed) higher among settled women (19?5 kg/m2)

than among semi-settled women (18?2 kg/m2). Table 2

gives a summary of classification of the respondents

based on CED. The prevalence of CED varied little

between women in settled and semi-settled households

(49 % v. 52 %, respectively).

Nutrient intakes from 24 h dietary recall

Table 3 summarizes nutrient intakes from the 24 h dietary

intakes survey. Mean energy intake was significantly

(P , 0?001) higher among the settled women compared

with their semi-settled counterparts. The high mean

energy intake observed in settled households could be

due to easy access to both purchased and relief foods.

Settled women also had easy access to shops and cereal

grinding mills that offer a variety of foods in terms of

carbohydrate types, compared with semi-settled women.

However, the high levels of CED suggest that these high

intakes may not be typical. Means also do not reflect

variation, and it is useful therefore to also examine the

percentages who met nutritional adequacy (Table 4).

Significantly more settled women met the RNI for energy

(P , 0?001), but overall a substantial number of women in

both communities did not meet the RNI for energy. The

mean protein intake was also significantly (P 5 0?005)

higher for settled women compared with semi-settled

women and significantly (P 5 0?012) more of the former

met the RNI for protein(34). The major food sources of

protein were beans, peas, meat and milk. Low protein

intake may be explained by a lack of milk due to pre-

vailing drought. Significant differences were observed in

Fe intake (P , 0?001) between settled and semi-settled

women, although intake in both groups fell substantially

below the RNI. Vitamin C, which enhances the absorption

of non-haem forms of Fe found in plant foods, was

also very low in the diets of both groups of women,

attributable to a lack of vegetables and fruits in the diets

of most women. Finally, the dietary intake of vitamin A,

which also influences Fe metabolism, was not significantly

different between women from the two communities, but

substantially lower than the RNI. Overall, the micronutrient

intakes of many Gabra women were below the RNI(27), as

found previously in Rendille women in Marsabit(9) and

nationally in Kenya(35).

Table 1 Characteristics of the study population: pastoral Gabra women of reproductive age, Kalacha Location in Marsabit District, Kenya

Settled Semi-settled
(n 140) (n 84)

Variable Mean SD Mean SD P value (t test)

Age (years) 33?2 9?0 30?3 9?5 0?024
BMI (kg/m2) 19?3 3?2 18?7 2?8 0?168
No. of household members 5?1 1?9 5?0 1?7 0?418
No. of employed household members 0?2 0?5 0?1 0?2 ,0?001
Dependency ratio 4?5 2?2 5?0 1?8 0?673
TLU 4?8 5?8 10?7 8?9 ,0?001

% % (x2 test)

Household income category
1 5 KES 101–1000 22?6 15?7 0?054
2 5 KES 1001–2000 6?0 0?5
3 5 KES 2001–5000 14?7 10?6
4 5 KES 5001–10 000 13?4 6?5
5 5 KES .10 001 4?6 5?5

Marital status
Married 84?3 95?2 0?043
Widow 11?4 4?8
Divorced/separated 4?3 –

Occupation 0?008
Livestock 11?4 7?1
Housewife 75?7 92?9
Casual labour 4?3 –
Business 7?9 –
Salaried 0?7 –

Education 0?003
Post primary 2?1 –
Primary 5?0 –
Adult literacy 19?3 8?3
None 73?6 91?7

Religion 0?016
Christian 60?7 42?9
Islamic 36?4 48?8
Traditional 2?9 8?3

TLU, Tropical Livestock Units; KES, Kenyan shillings ($US 1 5 KES 84).
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Biochemical status of iron and infection among

settled and semi-settled Gabra women

Table 5 summarizes the results of biochemical analyses

of blood samples. Mean Hb was significantly (P 5 0?043)

higher among settled women than among semi-settled

women. The prevalence of anaemia was 39 % among

settled women and 60 % among semi-settled women.

There were no significant differences in mean TfR

(P 5 0?062), CRP (P 5 0?319) and AGP (P 5 0?584) between

settled and semi-settled women. Overall, 43 % of the

Gabra women presented with elevated TfR, indicating

Fe deficiency. Of the women in settled and semi-settled

households, 68 % and 48 % respectively had normal TfR.

Biochemical assessment of illness

Combined measures of acute-phase proteins, as outlined by

Thurnham and Northrop-Clewes(33), were used to classify

the illness of Gabra women (Fig. 1). Only 59% of settled and

46% of semi-settled women were classified as healthy (no

raised acute-phase proteins). Chronic illness (raised AGP

only) was the most common type of illness among Gabra

women and more common among semi-settled (41%) than

settled women (29%). However, more settled (7?3%) than

semi-settled (5?2%) women were identified as having a

current infection (raised CRP and raised AGP). About 7%

and 5% of semi-settled and settled women respectively

were found to be recently ill (raised CRP with normal AGP).

Multiple criteria model to estimate overall

prevalences of anaemia in settled and

semi-settled Gabra women

Figure 2 gives the percentages of women falling into the

various categories of anaemia. Using the multiple criteria

Table 2 Prevalence (%) of different grades of CED and obesity: comparison of the study population (pastoral Gabra women of reproductive
age, Kalacha Location in Marsabit District, Kenya) with other women

CED

Population Grade III Grade II Grade I Total (Grade III–I) Normal weight Overweight

Gabra women
Settled 10?7 8?6 29?3 48?6 46?4 5?0
Semi-settled 8?3 14?3 29?8 52?4 45?2 2?4

Rendille(9)

Nomads 2?9 5?8 35?0 43?7 54?4 1?9
Korr 4?7 7?8 36?5 49?0 50?5 0?5
Karare 4?3 8?0 31?6 43?9 53?5 2?7
Songa 6?7 11?7 33?7 52?1 45?4 2?5
Marsabit 5?0 2?5 25?6 33?1 61?2 5?8

India*(9) 16?0 24?0 28?0 68?0 31?0 1?0
Ethiopia(9) 6?0 15?0 37?0 58?0 42?0 0?07
Zimbabwe*(9) 2?0 5?0 19?0 26?0 61?0 14?0

CED, chronic energy deficiency.
CED based on BMI range(29): severe (Grade III), BMI , 16?00 kg/m2; moderate (Grade II), BMI 5 16?00–16?99 kg/m2; mild (Grade I), BMI 5 17?00–18?49 kg/m2.
*Lowest class in terms of social status.

Table 3 Mean daily nutrient intakes according to settlement status: pastoral Gabra women of reproductive age,
Kalacha Location in Marsabit District, Kenya

Settled Semi-settled
(n 140) (n 84)

P value
Nutrient Mean SD Mean SD RNI(27) (t test)

Energy (kJ*) 7868 2848 6400 2817?4 9247 ,0?001
Protein (g) 59?2 33?0 46?1 34?9 49–56 0?005
Fat (g) 53?9 31?5 48?0 26?6 37–86 0?146
Carbohydrate (g) 304?8 114?1 243?8 111?9 160 ,0?001
Vitamin A (mg) 116?4 88?7 134?2 123?3 500 0?212
Total folate (mg) 249?6 136?3 194?1 128?5 400 0?003
Vitamin C (mg) 9?5 15?8 6?3 9?3 45 0?092
Fe (mg) 13 5?4 10 5?0 20–59 ,0?001

RNI, Recommended Nutrient Intake.
*1 kcal 5 4?184 kJ.

Table 4 Prevalence (%) of nutrient adequacy overall and accord-
ing to settlement status: pastoral Gabra women of reproductive
age, Kalacha Location in Marsabit District, Kenya

Overall Settled Semi-settled P value
Nutrient (n 224) (n 140) (n 84) (t test)

Energy (kJ) 24?0 29?3 16?7 ,0?001
Protein (g) 46?0 54?3 32?1 0?012
Fat (g) 64?7 69?3 57?1 ,0?001
Vitamin A (mg) 0.9 0.7 1.2 0.88
Total folate (mg) 64?7 71?4 53?6 ,0?001
Vitamin C (mg) 1?8 2?1 1?2 0?057
Mg (mg) 80?8 87?1 70?2 ,0?001
Fe (mg) 8?0 10?7 3?6 ,0?001
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model, only 43% and 40% of settled and semi-settled

women respectively were Fe replete. About 18% of settled

women compared with 20% of semi-settled women were in

IDE status. Fifteen per cent of settled women compared with

25% of their semi-settled counterparts were suffering from

IDA. ACD was more prevalent in semi-settled women (36%)

than in settled women (24%), but high in both groups.

Overall, among Gabra women, chronic infection appeared to

be the leading cause of anaemia followed by Fe deficiency.

Discussion

The purpose of the present study was to examine the

effect of settlement on the nutrition and health status

of Gabra pastoral women of reproductive age. While

most ASAL policies promote settlement of pastoralists

as a means of promoting numerous benefits, including

Table 5 Results of biochemical analysis of blood samples overall and according to settlement status: pastoral Gabra
women of reproductive age, Kalacha Location in Marsabit District, Kenya

Overall Settled Semi-settled P value
Fe and inflammation indices (n 99) (n 41) (n 58) (t test)

Hb (mg/dl)
Mean 11?1 11?6 10?7 0?043
SD 2?3 1?9 2?5
% .12 mg/dl 46?5 58?5 37?9
% ,12 mg/dl 51?5 39?0 60?0

TfR (mg/l)
Mean 6?5 5?9 7?2 0?062
SD 4?6 3?2 5?2
% .5 mg/l 43?4 31?7 51?7
% ,5 mg/dl 56?6 68?3 48?3

AGP (g/l)
Mean 1?0 1?0 1?0 0?319
SD 0?3 0?4 0?3
% .1?0 g/l 40?0 36?6 51?7
% ,1?0 g/l 54?0 63?4 48?3

CRP (mg/l)
Mean 1?1 1?3 1?1 0?584
SD 2?0 2?2 1?7
% .2?0 mg/l 12?1 12?2 12?1
% ,2?0 mg/l 87?9 87?8 87?9

TfR, transferrin receptor; AGP, a1-acid glycoprotein; CRP, C-reactive protein.
Cut-offs(47): Hb 5 12 mg/dl; TfR 5 5?0 mg/l; AGP 5 1?0 g/l; CRP 5 2?0 mg/l.
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Fig. 1 Prevalence of various inflammation statuses, based on
combined measures of acute-phase proteins, according to
settlement status ( , settled; , semi-settled; , total) among
pastoral Gabra women of reproductive age, Kalacha Location
in Marsabit District, Kenya. Values are means with their 95 %
confidence intervals shown by vertical bars
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disease), according to the multiple criteria model, among settled
and semi-settled pastoral Gabra women of reproductive age,
Kalacha Location in Marsabit District, Kenya. Values are means
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improved health and nutrition, our study among Gabra

women showed that settlement is associated with mixed

outcomes and limited improvements. Our study results

showed high levels of CED in both communities (49 %

among settled and 52 % among semi-settled women),

suggesting that food insecurity remains a significant

problem. A comprehensive cross-sectional nutrition

assessment conducted in Marsabit suggested an alarming

malnutrition situation among lactating mothers, with a

global acute malnutrition rate of 46 % and a severe

wasting rate of 12 %, higher than WHO’s 15 % emergency

threshold(36). The present results also concur with those

of the Kenya Demographic and Health Survey, where

more than 50 % of women were suffering from CED(11).

The 24 h dietary recalls showed high mean energy intake

among Gabra women in both communities, but many

did not meet the RNI. The prevalence rates of CED

among Gabra women were higher than those found

among nomadic and semi-settled Rendille communities in

northern Kenya but lower than those of women in India

and Ethiopia(9) (Table 2). This may be attributed to still low

income levels (Table 1) against high absolute poverty in

the area. Currently, the proportion of persons living below

the poverty line stands at 80% in Marsabit County(37).

Semi-settled women had higher rates of micronutrient

deficiencies and anaemia than their settled counterparts.

Most settled women did not meet their dietary require-

ments with respect to vitamin A (percentage of adequacy:

0?7%), vitamin C (2?1%) and Fe (10?6%). Most semi-settled

women also did not meet their dietary requirements with

respect to energy (16?7%), protein (32?1%), vitamin A

(1?2%), vitamin C (1?2%) and Fe (3?6%). According to

Jackson(38), infection can occur in the presence of mal-

nutrition as the primary aetiological factor (e.g. malaria) or

as a secondary feature due to nutritionally driven impaired

immune response. The leading type of anaemia was ACD,

followed by IDA. Only 43% and 40% of settled and semi-

settled women were Fe replete. Infection, in particular

chronic infection, was high among Gabra women, and

more prevalent in semi-settled (41%) than settled women

(29%). Based on biochemical analyses of acute-phase

proteins, only 59% of settled and 46% of semi-settled

women were found to be healthy.

For IDE and IDA, one possible cause could be inade-

quate dietary intake of Fe. A study done by Faruk et al.(39)

on urban pregnant Bangladesh women found that low

serum vitamin A levels (,30 mg/dl) were associated with

lower Hb levels in women with inadequate intakes

compared with those who had adequate intakes. Further,

the pregnant women with low serum vitamin A levels

had a greater risk (OR 5 1?8; 95 % CI 1?2, 2?8) of also

being anaemic. With extremely low dietary vitamin A

intake, anaemia due to vitamin A deficiency could not

be ruled out in the Gabra pastoral population. Dietary

Fe deficiency may provoke symptoms of folate deficiency

resulting in asystematic progression to megaloblastic

anaemia(40). Consumption of vitamin C together with

Fe-rich food sources may enhance absorption of non-haem

Fe if taken within an hour of each other. With extremely

low vitamin C intake (Table 2), inadequate absorption of

dietary Fe prompting IDE and IDA in the Gabra women

cannot be ruled out. Trials conducted in rural Mexican

adults dependent on maize and legume diets established,

through isotope studies, that consumption of 25 mg of

vitamin C is needed twice daily with meals in order to

double Fe absorption(41). The low observed Fe intake

could be attributable to an over-reliance on cereal-based

diets (data not shown), where 96 % of the women in both

settlements were being provided cereal-based relief food

during the time of the present study. Cereals tend to

contribute to intake of Fe absorption inhibitors such as

phytates, leading to low bioavailable Fe.

The methods adopted in the present study have several

advantages. Sample collection was relatively painless and

non-invasive. Whole-blood samples did not require pro-

cessing in the field as DBS samples require no cold chain

(refrigeration or freezing) at field level for 4 weeks, hence

aiding storage and transport. This was very appropriate in

our study where the population was sparsely distributed

and there were limited resources available. The method

was previously validated in Marsabit among Rendille

women and was used in the present study to evaluate

biochemical Fe status among the Gabra women.

Some of the limitations of the study should also be

considered. The 24 h dietary recall was taken for 1 d, and

may not represent typical intake. Households participat-

ing in the food survey may have modified the usual foods

in their diet; hence the intake data might not have accu-

rately represented the habitual diet. Prevailing drought

and food relief distribution could also have modified

diets, as respondents may have equated the study to

impending food relief distribution. However, well-

trained, local surveyors emphasized the need to maintain

usual diets and all of the households in both settlements

participated in the food survey. Northern regions of

Kenya are subject to extreme seasonality in rainfall and

food supplies, and therefore experience seasonality in

dietary intake, nutritional status and morbidity(3,42).

Future research should therefore monitor the health and

nutrition of Gabra women longitudinally. Nevertheless,

the present results provide compelling evidence that food

insecurity, dietary intake and chronic infection remain

pressing health concerns for both settled and semi-settled

Gabra women.

Conclusions and recommendations

The present study has shown that Fe deficiency is

occurring in the context of overall dietary inadequacy

among pastoralist Gabra women of reproductive age.

While settled women had better dietary intake, nutritional
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status and Fe status than semi-settled women, Fe defi-

ciency and ACD were high in both groups. Fe deficiency

and CED are also occurring against a high background

level of chronic infection. Numerous studies have docu-

mented that Fe supplementation in the absence of disease

control measures can increase morbidity, particularly

from bacterial and protozoal diseases(43–46). Therefore,

vertical programmes that address Fe deficiency through

means such as supplementation may require additional

interventions aimed at strengthening food security and

containing infectious disease among pastoral women.

Government and development and donor agencies need

to be proactive with regard to poor maternal nutrition.

The approach needs complex, multifaceted and inter-

sectoral interventions based on long time periods to

tackle the wide range of social and environmental

determinants of health; a decisive move in this direction

may help reduce the poverty and health challenges

observed in the present study.
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