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Summary objective To explore the impact of distance on utilisation of peripheral health facilities for sick child

visits in Asembo, rural western Kenya.

methods As part of a demographic surveillance system (DSS), censuses of all households in the Asembo

population of 55 000 are conducted three times a year, data are collected at all outpatient pediatric visits

in seven DSS clinics in Asembo, and all households are GIS-mapped and linkable to a child’s unique DSS

identification number. Between May 1, 2003 and April 30, 2004, 3501 clinic visits were linked to 2432

children among 10 973 DSS-resident children < 5 years of age.

results Younger children and children with more severe illnesses travelled further for clinic visits. The

median distance travelled varied by clinic. The rate of clinic visits decreased linearly at 0.5 km intervals

up to 4 km, after which the rate stabilised. Using Poisson regression, controlling for the nearest DSS

clinic for each child, socio-economic status and maternal education, and accounting for household

clustering of children, for every 1 km increase in distance of residence from a DSS clinic, the rate of clinic

visits decreased by 34% (95% CI, 31–37%) from the previous kilometer.

conclusion Achieving equity in access to health care for children in rural Kenya will require creative

strategies to address a significant distance-decay effect in health care utilisation.

keywords health care utilisation, access to care, distance, Kenya

Introduction

Access to health facilities in developing countries is an

essential component in achieving the 4th Millennium

Development Goal of decreasing infant mortality by two-

thirds by 2015. Health facilities will initially be the sole

sources of new, more effective drugs, such as artemisinin-

based combination anti-malarials and zinc for treatment of

diarrhoea, and important diagnostic testing, such as

microscopy for malaria (Nabarro & Tayler 1998; Amin

et al. 2003; WHO ⁄ UNICEF 2004). Better characterisation

of the components of access and utilisation of health

services is important to focus efforts to achieve equity of

health care in the places where most childhood disease and

death occur (Makinen et al. 2000).

Access and utilisation of health services is multi-faceted,

influenced by cultural, behavioural and financial factors

(Shannon et al. 1969; Stock 1983). One critical variable

that has consistently been shown to affect access to care in

developing countries is the distance of the patient’s

household from a clinic. The phenomenon of decreasing

health care utilisation with increasing distance lived from a

facility is often called the distance-decay effect (Shannon

et al. 1969; Stock 1983; Gething et al. 2004). The

distance-decay effect has been documented in multiple

countries, among pediatric and adult patients, among

antenatal clinic attendees, among patients with different

diagnoses and among inpatients and outpatients (Shannon

et al. 1969; Stock 1983; Kloos 1990; Muller et al. 1998;

Schellenberg et al. 1998; Mwaniki et al. 2002; Weber et al.

2002; Noor et al. 2003; Gething et al. 2004). Under-

standing the dynamics of the distance-decay effect in

different developing country settings can direct local

resource allocation and health sector initiatives to address

the inequities of access to care.

We used the unique platform of a demographic surveil-

lance system (DSS) in rural western Kenya to assess the

distance-decay effect among outpatient pediatric visits.
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Because of its ongoing definition of a circumscribed

population, the DSS allowed for a particularly detailed

characterisation of the distance-decay effect that overcame

some potential biases inherent in evaluating this effect.

Methods

Study area and population

Asembo is a rural location in Bondo District, Nyanza

Province in western Kenya along the shores of Lake Victoria

(Phillips-Howard et al. 2003; Adazu et al. 2005). The

population of 55 000 in 75 villages is predominantly

subsistence farmers and fishermen belonging to the Luo

ethnic group. The landscape is mostly cultivated with small

fields with many bushy areas, gently sloping towards Lake

Victoria with few steep hills. Malaria transmission is high

year-round in the area. The area has high child mortality

with an under five, mortality rate of 227 per 1000 live births

in 2002 (Adazu et al. 2005). Asembo has high HIV

seroprevalence rates – 11% in men and 21% in women

aged 13–34 years in 2003 (Amornkul et al. 2004). In

2003–2004, Asembo had no paved roads, except on its

northern border. Few public transport vehicles serviced the

area and the most common mode of transport was walking.

KEMRI ⁄ CDC Demographic Surveillance System

In September 2001, the U.S. Centers for Disease Control

and Prevention (CDC) and the Kenya Medical Research

Institute (KEMRI) initiated the DSS in Asembo, later

expanding it to a second area, Gem, to the north. The

methods of the KEMRI ⁄ CDC DSS have been described in

detail (Adazu et al. 2005). In brief, trained field workers

perform censuses on all DSS households three times per

year. All in-migrations, out-migrations, pregnancies, births

and deaths are recorded at the time of the household visit

and used to update a computerised household registration

system. All DSS residents receive permanent ID numbers

that they maintain even when they move within the DSS.

As part of the enumeration of household in the DSS, all

homes in the surveillance area were GIS-mapped with an

estimated accuracy of ± 15 meters (URL: http://www.

garmin.com, http://www.trimble.com) using hand-held,

12-band global positioning system (GPS) receivers –

Garminetrex and Trimble (Garmin Ltd, Kansas, USA and

Trimble Navigation Ltd, CA, USA).

Surveillance of sick visits

Caregivers of all children attending any of the seven first-

level government or community health facilities in Asembo

(hereafter referred to as DSS clinics) for sick visits were

interviewed by trained study staff after their child was

examined and treated by clinic nurses. Caregivers were

questioned about the child’s health over the past 2 weeks

using a standard questionnaire prompting caregivers to

recall specific symptoms. The diagnoses and prescriptions

of the clinical staff were recorded. At the time of the visit,

study staff attempted to locate both the child’s and the

mother’s permanent ID numbers from printed DSS regis-

tration logbooks in the clinic.

Data management

All data were entered onto scannable forms (Cardiff

Teleforms, Cardiff Software Inc., Vista, CA). For data

quality control, scanned data were subject to logic checks

to ensure compatibility with existing information. Incon-

sistent or illogical data were returned to the field for

correction.

For visits to health facilities in which the child or

mother’s permanent ID could not be found in the logbooks

in the clinic, a data clerk searched the computerised DSS

database to attempt to locate that child’s ID number. In

addition, a computer algorithm was used to search the DSS

database for the child’s ID. The algorithm was based on

decreasing degrees of matching certainty based on several

data points, including mother’s name, head of compound’s

name and birth date of the child. All matches were visually

inspected for verification of identity (Lindblade et al.

2007).

A child’s household of residence on the date of the health

facility visit was determined by searching a location

database. Only among children for whom the permanent

DSS ID number of the child or the mother was available

could the distance to health facilities be calculated. Using

ArcView Geographic Information Systems (GIS), straight-

line distances in kilometers from the mapped households to

every health facility in the DSS vicinity were calculated.

Statistical methods

For this analysis, the time period was May 1, 2003–April

30, 2004. We included children under the age of 5 years

who were permanent residents of the DSS during this year

and whose closest DSS clinic was one of the seven clinics in

Asembo under surveillance. [Some children who were

residents of Asembo lived closest to a DSS clinic in Gem,

and were not included in this analysis. One clinic, Rarieda,

was located in the Asembo DSS, but because of low volume

of patients was not included in the surveillance (Figure 1).]

Because children’s ages changed during the year of

surveillance, we calculated children’s ages using fixed
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dates. If born before the midyear date of surveillance,

November 1, 2003, a child’s age was calculated on

November 1, 2003. If born after November 1, 2003, a

child’s age was calculated on the last day of surveillance,

April 30, 2004. Only children younger than 5 years

according to the above age calculations were included in

the database. Other clinics were located just outside the

boundaries of the DSS area and it was possible for a child

to live closer to one of these clinics than to one of the seven

clinics in Asembo where the DSS had health facility

recorders (Figure 1). For the primary analysis, we did not

exclude children resident in the DSS whose closest clinic

was outside the DSS.

We evaluated the distance travelled for a clinic visit

based on the age and sex of the child, the particular clinic

visited and the severity of the illness. Because distances of

residence were not normally distributed around clinics, we

compared median distances using non-parametric statisti-

cal tests, Wilcoxon rank sum test and Kruskal–Wallis test.

To assess whether children with more severe illnesses

travelled further for clinic visits, we dichotomised illnesses

into severe and non-severe. Integrated Management of

Childhood Illness (IMCI) algorithms had not been imple-

mented in area clinics so could not be used to characterise

severe illness. Therefore, we classified illnesses as severe

according to a previous analysis on the same dataset that

evaluated the 30-day post-clinic visit risk of mortality

based on diagnosis (Lindblade et al. 2007). Severe illnesses

were those with significantly increased mortality in the

30 days following a clinic visit with that diagnosis com-

pared with all clinic visits. Severe illnesses using this

definition included anemia, malnutrition, meningitis,

severe pneumonia (pneumonia diagnosis with convul-

sions), severe malaria (fever with convulsions) measles,

diarrhoea and any illness resulting in referral to hospital

for admission.

Rates of clinic visits based on the distance lived from a

clinic were calculated using person–year denominators. A

child could contribute less than a year of person–time if

he or she did not live in a location for the full year.

Likewise, a child who moved within the DSS could

contribute person–time in more than one location.

Person–time was categorised in 0.5 km intervals based on

the distance a child lived to the nearest DSS clinic.

Numerators were calculated as the number of clinic visits

made by children living in that distance category to any clinic

in the DSS, not just the nearest one. Rate ratios and 95%

confidence intervals were calculated using the rate among

children living 0–0.5 km from a clinic as the referent group.

We performed Poisson regression to model the number

of clinic visits made as related to the distance a child lived

from the nearest clinic. We accounted for clustering at the

household level using the generalised estimating equation.

We adjusted for a child’s eligible time at a certain distance

using an offset statement. We also controlled for the

nearest clinic, because the distance-decay effect might have

varied by specific clinic, and maternal education (classified

as none, primary, more than primary and missing) by
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Figure 1 Map of KEMRI ⁄ CDC demo-

graphic surveillance site with peripheral
health facilities, Asembo, western Kenya.

All facilities within DSS boundaries were

part of surveillance, except Rarieda Clinic
which had very low volume of visits. All

roads within the DSS area were dirt in

2003–2004, except the tarmac road on the

northern border of the DSS area passing
through Ndori and Gobei clinics.
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including these as independent variables in the model. We

also controlled for socio-economic status of the child’s

household using a score derived from eight socio-economic

indicator variables as defined by principal components

analysis; the scores were regrouped into low, medium and

high socio-economic level based on their distribution (Vyas

& Kumaranayake 2006). We also added to the model a

variable for the distance to the nearest major road from a

child’s residence. Lastly, because of the possible bias that

children who lived on the periphery of the DSS, and whose

closest clinic was outside of the DSS area would have lived

further from the seven DSS clinics under surveillance and

hence have been less prone to visit them, we reran the

model excluding such children.

All data analysis was done using SAS for Windows

(version 9.1).

Ethical approval

The KEMRI ⁄ CDC DSS was reviewed by the institutional

review boards of the CDC (Atlanta, GA, USA) and KEMRI

(Nairobi, Kenya). Informed written consent was obtained

from compound heads for participation of their families in

all aspects of the DSS.

Results

From May 1, 2003 to April 31, 2004, 4881 visits to

Asembo DSS health facilities were made by children less

than 5 years of age. The DSS permanent ID could be found

in 3897 (79.8%). The main reason for not finding the DSS

permanent ID was that the child was not a permanent

resident of Asembo, and therefore not enrolled in the DSS.

A further 249 clinic visits could not be linked with GIS data

for the child’s household and 147 clinic visits were made by

children whose closest DSS clinic was located in the Gem

DSS area. This resulted in a total of 3501 visits to DSS

clinics in Asembo made by 2432 children under five,

representing 22% of 10 973 eligible resident children.

Among these 10 973 children, the median distance lived

to the nearest DSS clinic was 2.07 km. The distance lived

to a DSS clinic did not vary significantly by age or sex of

the child. The median distance that children travelled for

the 3501 DSS clinic visits was 2.01 km (Table 1). This

distance varied by age, with younger children travelling

further than older children for clinic visits, ranging from a

median distance of 2.11 km in children less than 1 year of

age to 1.72 km in children 4 years of age (P = 0.026,

Table 2). The number of visits by boys and girls was

similar (boys 51%, girls 49%). The median distance

travelled to the clinic for boys was greater (2.06 km) than

for girls (1.92 km), but this difference was not statistically

significant (P = 0.092).

Most children (95%) travelled less than 5 km to visit a

clinic (Figure 1). The number of sick visits to individual

clinics ranged from 272 in Ndori to 989 in Abidha

(Table 1). The median distance travelled to a DSS clinic

varied significantly by clinic, ranging from 1.45 km at

Ndori and Saradiddi to 2.43 km at Mahaya (Table 1).

Most children (73%) visited the DSS clinic closest to their

residence. This varied, however, by clinic from 95% of

children living closest to Nyagoko to 53% of those living

closest to Mahaya.

The number of clinic visits per child ranged from 0 to 8

during the year. The overall rate of clinic visits for all

children was 0.42 visits per child-year (95% CI, 0.41–

0.43). The rate of clinic visits decreased with increasing

distance of residence from a clinic (Table 3). The rate

Table 1 Distance travelled by children for sick visits to each DSS clinic in Asembo, western Kenya 2003–2004

Clinic

Number of children

who live closest to
clinic, N (% total)

Median distance from

residence to the closest
DSS clinic (km)�

Number of clinic
visits, N (% total)

Median distance

travelled to visit
clinic (km)�

Percent decrease

in likelihood of

visit for each 1 km

distance from that
clinic (95% CI)�

Abidha 1676 (15) 2.01 989 (28) 2.19 31 (22–39)
Lwak 1908 (17) 2.54 390 (11) 2.43 34 (27–41)

Mahaya 1566 (14) 2.17 382 (11) 2.20 33 (26–39)

Ndori 1324 (12) 1.99 272 (8) 1.45 43 (35–50)
Nyagoko 1209 (11) 2.44 349 (10) 1.74 43 (37-49)

Ongielo 1465 (13) 1.63 667 (19) 2.12 26 (14–36)

Saradidi 1825 (17) 2.09 452 (13) 1.45 37 (30–44)

Total 10 973 2.07 3501 2.01 35 (32–38)

�Comparing median distances by clinic, Kruskal–Wallis test < 0.0001.

�Poisson regression controlling for household clustering.
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decreased progressively with each 0.5 km interval up to

4 km, after which the rate levelled off (Table 3). Higher

socio-economic level and higher maternal education were

both significantly associated with having more clinic visits

(P < 0.001). Adjusting for these two factors, as well as the

nearest DSS clinic, the distance a child lived from a DSS

clinic was found to have a significant inverse relationship

with the number of clinic visits made. For every 1 km

increase in distance of residence from a DSS clinic, the rate

of clinic visitation fell by 34% (95% CI, 31–37%) from the

previous kilometer. Distance a child lived to the closest

major road did not significantly change the result. A similar

distance-decay phenomenon was observed for each

individual clinic, although the amount of decay varied by

clinic from 26% to 43% (Table 3). In a secondary analysis

that eliminated 2308 children whose nearest clinic of

residence was a clinic outside the DSS area, the

distance-decay effect remained significant with a decrease

in the rate of clinic visits of 32% (95% CI, 28–35%) for

each additional 1 km lived from the nearest clinic.

The most common diagnoses for clinic visits were

malaria (79%), upper respiratory tract infection (35%),

gastroenteritis (12%), pneumonia (5%) and worms (5%).

Multiple diagnoses were given in 46% of visits. There was

no difference in the distance travelled for children with a

single vs. multiple diagnoses. Thirty-six percent of children

were determined to have a severe illness. Children with

severe illnesses travelled further than those with non-severe

illnesses (median 2.2 km vs. 1.9 km respectively,

P < 0.001, Figure 2).

Discussion

In rural western Kenya, we demonstrated that children’s

attendance for sick visits at peripheral health facilities

decreased with distance lived from a facility. First docu-

mented in the 1920s in America, in recent years the

distance-decay effect is mostly described in developing

countries. It has been demonstrated in Kenya before

(Shannon et al. 1969; Schellenberg et al. 1998; Mwaniki

Table 3 Rates of sick visits to peripheral
health facilities among children living in the

western Kenya DSS by distance lived from

the nearest clinic 2003–2004

Distance

(km)

No. children

who visited

clinic based
on distance

lived from

clinic

Child-Time

(years) of
children by

distance lived

to clinic

Rate of clinic

visits by distance
lived from clinic,

visits ⁄ child-year

(95% C.I.)

Rate Ratio of

clinic visits by
distance lived

from clinic

(95% C.I.)

0.000–0.50 402 482 0.83 (0.76–0.92) Ref

0.501–1.00 507 832 0.61 (0.56–0.66) 0.73 (0.64–0.83)
1.001–1.50 654 1179 0.55 (0.51–0.60) 0.67 (0.59–0.75)

1.501–2.00 710 1515 0.47 (0.44–0.50) 0.56 (0.50–0.63)

2.001–2.50 607 1612 0.38 (0.35–0.41) 0.45 (0.40–0.51)

2.501–3.00 441 1240 0.36 (0.32–0.39) 0.43 (0.37–0.49)
3.001–3.50 133 555 0.24 (0.20–0.28) 0.29 (0.24–0.35)

3.501–4.00 27 374 0.072 (0.049–0.10) 0.087 (0.059–0.13)

4.001–4.50 24 268 0.090 (0.060–0.13) 0.11 (0.071–0.16)

4.501–5.00 26 224 0.12 (0.079–0.17) 0.14 (0.094–0.21)
5.001–5.50 11 159 0.069 (0.038–0.13) 0.083 (0.046–0.15)

5.501–6.00 1 16 0.063 (0.008–0.44) 0.075 (0.011–0.55)

Table 2 Frequency of sick visits by chil-

dren to peripheral health facilities in the

Asembo, western Kenya DSS by age group
2003–2004

Age Group

(years)

Number of children

who visited DSS clinic

Number of children

who did not visit

Median distance
travelled for

DSS visit�

Less than 1 727 (23%) 2458 (77%) 2.11

1 704 (32%) 1513 (68%) 2.10

2 427 (24%) 1383 (76%) 2.06
3 345 (18%) 1577 (82%) 1.96

4 229 (12%) 1610 (88%) 1.72

Total 2432 (22%) 8541 (78%) 2.06

�Among 2383 children with visits to DSS clinics in Asembo. P = .026, Kruskal–Wallis test.

Tropical Medicine and International Health volume 14 no 1 pp 54–61 january 2009

D. R. Feikin et al. Distance to health centres

58 ª 2008 Blackwell Publishing Ltd



et al. 2002; Noor et al. 2003; Gething et al. 2004), other

African countries (Stock 1983; Kloos 1990; Weber et al.

2002) and Asian countries (Rahaman et al. 1982; Muller

et al. 1998), indicating that it is a robust finding in

developed country settings.

Our study made several contributions to the evaluation

of the distance-decay effect. Because this was done within a

DSS, GIS coordinates were available on all children

resident to the area, rather than just children making clinic

visits, allowing for accurate distance strata-specific

denominators. The GIS information of children visiting the

clinic could be linked with prospectively collected geospa-

tial and demographic data. This allowed accurate calcula-

tion of rates of clinic attendance based on distance lived

from the clinic. Moreover, because we performed clinic

surveillance at all the major peripheral health facilities in

the Asembo DSS area, we were able to calculate rates of

visitation to any clinic, not just one central clinic. The

latter could be subject to bias if children, particularly those

living at greater distances near the periphery of the central

clinic’s catchment area, visit clinics other than the central

clinic (Gething et al. 2004). We found a significant

distance-decay effect even when eliminating from the

analysis children living closer to non-DSS clinics outside

the periphery of the DSS.

In contrast to previous studies, our data demonstrated a

pronounced decline in clinic attendance almost immedi-

ately with increasing distance of residence (Shannon et al.

1969; Stock 1983; Muller et al. 1998; Noor et al. 2003).

The rate of clinic visits declined progressively until 4 km,

where the rates levelled off. Moreover, the rate of clinic

attendance was found to halve by 2 km, in contrast to

other studies that found rates to halve from 3.0 to 3.5 km

(Stock 1983; Muller et al. 1998). A sharp distance-decay

effect was also seen in rural Ethiopia (Kloos 1990). The

reasons for the steeper declines in clinic attendance with

distance in rural western Kenya are unclear. In rural

Asembo in 2003–2004, few transport options existed

except for walking. As such, the gradient of time expended

in visiting the clinic would increase steeply as distance from

the clinic increased. In other African settings where other

forms of public transport exist, physical distance might be

less of a factor in clinic visitation than the cost of transport

(Airey 1992; Weber et al. 2002). In a study in central

Kenya, the building of a new tarmac road resulted in little

decrease in the distance-decay effect, probably because

most patients travelled by public transport and the cost of

such transport did not fall with the new road (Airey 1992).

Similar to other studies, we showed that the distance-

decay effect was less pronounced among infants and

children with more severe illnesses (Rahaman et al. 1982;

Stock 1983; Schellenberg et al. 1998; Weber et al. 2002).

Although boys tended to travel further than girls, this was

not statistically significant, in contrast to findings in

Nigeria, Bangladesh and Papua-New Guinea (Rahaman

et al. 1982; Stock 1983; Muller et al. 1998). Also the

distance-decay effect was more marked in some clinics than

others, suggesting that factors intrinsic to the clinic also

play a role in health care utilisation. These variations in the

distance-decay effect based on sex, age and severity of

illness, and particular clinic characteristics, show that other

important factors influence a parent’s decision to bring

their child to the clinic in addition to distance lived. The

mutability of the distance-decay effect suggests that parents

can likely be educated about health-seeking priorities,

thereby offsetting, at least partially, the distance-related

obstacles to health care seeking (Shannon et al. 1969).

Attention to the clinic itself, such as the competency of the

clinical staff and supply of drugs, can influence how far

mothers will travel with their sick children (Shannon et al.

1969; Stock 1983).

Our study had several limitations. We were only able to

link the DSS ID number in 80% of visits. It is possible that

this could have introduced a differential bias if children

who lived further from the health facility were less likely to

have their DSS ID found. However, this bias was likely

minimal because the computerised searching exercises to

find DSS ID numbers were done on the entire DSS dataset

and the distance-decay effect finding was statistically

robust. Another limitation was that we were unable to

evaluate the distance-decay effect for specific diagnoses at

the clinic. This was because of the high frequency of

multiple diagnoses and also the non-specificity of diagnoses

without objective diagnostic testing in most facilities.

Other studies have shown that the distance-decay effect
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Figure 2 Clinic utilisation based on the distance a child lived from

the visited facility for severe and non-severe illnesses, Asembo,

western Kenya 2003–2004. (see Methods).
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seems to be consistent across diagnoses, having been shown

in malaria, acute respiratory infection and diarrhoea

(Rahaman et al. 1982; Stock 1983; Muller et al. 1998).

Lastly, the possibility exists that the association between

clinic visitation and distance was confounded by other

variables. We adjusted for socio-economic status, maternal

education, distance to a road and household clustering in

the analysis, yet it is possible that residual or unmeasured

confounding existed (Makinen et al. 2000). We doubt,

however, that such confounders would have fully ex-

plained the strong distance-decay effect we observed,

especially because most of Asembo is homogeneously poor

and rural.

The Kenya Ministry of Health has undertaken a

restructuring of the health sector to enhance access to care

(Ministry of Health 1997; Noor et al. 2003) Part of this

plan is to maximize the number of people living within

5 km of a health facility. While this objective is supported

by the evidence that most clinic visits occur among those

living within 5 km, our data suggest that it will not fully

mitigate the problem of differential access in rural Kenya,

and likely other similar African settings. The distance-decay

effect also occurs markedly within 5 km of the clinic,

starting as close as half a km from the clinic. Other aspects

of access, such as behavioural and educational factors,

should be addressed (Shannon et al. 1969; Muller et al.

1998; Noor et al. 2003). Alternatives to clinic-based health

initiatives, such as expanded availability of certain treat-

ments or preventative interventions in the informal health

sector or the home, might be further explored to achieve

equity of health services in rural developing countries

(Amin et al. 2003). Lastly, clinic-based surveillance esti-

mates of disease burden must adjust for the pronounced

distance-decay effect in rural African settings (Stock 1983;

Schellenberg et al. 1998; Weber et al. 2002).
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