
Abstract
Poor access to haemodialysis facilities is associated with high

mortality and morbidity rates. This study investigated factors
affecting revealed access to the haemodialysis facilities consider-
ing patients living in rural and urban areas without any haemodial-
ysis facility (Group A) and those living urban areas with

haemodialysis facilities (Group B). This study is based on self-
reported Actual Access Time (AAT) to referred haemodialysis
facilities and other information regarding travel to haemodialysis
facilities from patients. All significant variables on univariate
analysis were entered into a univariate general linear model in
order to identify factors associated with AAT. Both spatial (driving
time and distance) and non-spatial factors (sex, income level,
caregivers, transportation mode, education level, ethnicity and
personal vehicle ownership) influenced the revealed access iden-
tified in Group A. The non-spatial factors for Group B patients
were the same as for Group A, but no spatial factor was identified
in Group B. It was found that accessibility is strongly underesti-
mated when driving time is chosen as accessibility measure to
haemodialysis facilities. Analysis of revealed access determinants
provides policymakers with an appropriate decision base for mak-
ing appropriate decisions and finding solutions to decrease the
access time for patients under haemodialysis therapy. Driving time
alone is not a good proxy for measuring access to haemodialysis
facilities as there are many other potential obstacles, such as
women’s special travel problems, poor other transportation possi-
bilities, ethnicity disparities, low education levels, low caregiver
status and low-income.

Introduction
The prevalence of End Stage Renal Disease (ESRD) is

increasing in Iran and across the world (Mousavi et al., 2014). The
total number of patients with ESRD condition was 27,000 in Iran
in 2015 (Mousavi et al., 2014). Haemodialysis is the main treat-
ment for this condition. This machine-operated process removes
fluid and waste from the blood and rectifies the electrolyte imbal-
ance (Hay, 1995). Most patients have to be dialysed three times
week, making it necessary for them to travel to a haemodialysis
facility between 140 and 160 times per year (Stephens et al.,
2013). It has already been proven that poor access to haemodialy-
sis facilities for these patients is associated with poor health out-
comes, such as high mortality and morbidity rates (Moist et al.,
2008). Access to health services is defined as the ease with which
the services can be used by people whenever and wherever needed
(McLafferty, 2003). It has five main dimensions: accessibility,
availability, accommodation, affordability and acceptability
(Penchansky and Thomas, 1981). The accessibility and availabili-
ty dimensions are usually related to geographical factors; hence
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they are spatial dimensions (Mao and Nekorchuk, 2013).
Affordability, accommodation and acceptability, which are inde-
pendent of geographical conditions, are the non-spatial dimensions
(Guagliardo, 2004). Additionally, access can be divided into two
broad categories: Potential access, which is simply defined as the
presence of enabling resources, and Revealed access, which is the
actual use of services (Andersen, 1995). 

In recent studies, accessibility to health-care services is com-
monly measured by driving time between the patient's residence
and the closest health-care facility (Matsumoto et al., 2013;
Stephens et al., 2013; Casas et al., 2016). Revealed access differs
from potential access in a number of ways. For example,
haemodialysis patients may have a short driving time to access the
nearest haemodialysis facility, but they may decide to go to another
centre because of ethnic disparities (Saunders et al., 2014),
resource availability (Just et al., 2008), flexibility in planning dial-
ysis time, sense of security, physical space, noise, pre-dialysis edu-
cation or involvement in the choice of modality (Lee et al., 2008).
Therefore, if the nearest haemodialysis facility is the preferred
haemodialysis facility (is assumed), the potential access should be
measured (Miller et al., 2014). In addition, previously published
methods in estimating the driving time between patient residence
location to the haemodialysis services may not show the Actual
Access Time (AAT) precisely due to other confounding factors,
e.g., transportation mode (Neutens, 2015), car ownership (Lovett
et al., 2002) and income (Wang and Luo, 2005). Therefore, a prop-
er method of measuring AAT as revealed access measurement to
the haemodialysis services is needed.

To compensate for this knowledge gap, this study aimed to

measure an AAT index as proxy for revealed accessibility of
haemodialysis patients to haemodialysis facilities as well as the
association between AAT and other factors that may influence
accessibility.    

Materials and Methods 
In this research, revealed access was measured and self-report-

ed AAT to haemodialysis facilities was used as the revealed access
measurement.

Study region and data
This cross-sectional study of haemodialysis patients was car-

ried out in northern Khorasan Province of Iran with an estimated
population of 919,000 in 2015 (Wikipedia, 2016). This paper is the
continuation of a recently published paper (Kiani et al., 2017). The
study area is displayed on a point density map (Figure 1). Two hun-
dred and three patients were under haemodialysis in the area but
only 168 of them met both inclusion criteria and were willing to
participate in the study.

Ethics approval and consent to participate
This study was approved under the code IR.MUMS.RES.

1393.756 by the Ethical Committee of Mashhad University of
Medical Sciences in Mashhad, Khorasan Province, Iran. All
patients completed a consent form for participating in the study.

                   Article

Figure 1. Geographical distribution of patients needing haemodialysis and service centres displayed on a point density map in northern
Khorasan Province, Iran (December 2015).
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Inclusion criteria
We included only patients meeting all the following criteria: i)

the patient had agreed to participate in an interview; ii) the patient
had to be dialysed at least one time a week; iii) the patient had to
be at least two months under haemodialysis; iv) the patient or
his/her caregiver was able to communicate with researchers.

Data collection
We developed and used the census sampling method with

structured questions for data collection. The validity of the ques-
tions was confirmed by two native experts (a medical information
specialist and a nephrologist). According to literature review and
expert opinion, the following variables were chosen for the collec-
tion of patient data: Gender (Roderick et al., 1999); Age
(Rodriguez et al., 2013); Residence (Rodriguez et al., 2013);
Occupation (Rodriguez et al., 2013); Education (Rodriguez et al.,
2013; Calice-Silva et al., 2015); Income (Rodriguez et al., 2013);
Ethnicity (Rodriguez et al., 2013; Saunders et al., 2014);
Transportation mode (Murray, 2008; Prakash et al., 2010); Driving
time (White et al., 2006; Matsumoto et al., 2013; Stephens et al.,
2013); Driving distance (Stephens et al., 2013); Car ownership;
Patient's caregiver status.

The patients were asked to give AAT and other information
regarding travel to the haemodialysis facilitiy of their choice.
Driving time and distance from home to the referred haemodialysis
facility were calculated using Google Map for each patient. When
more than one path was offered by GoogleMaps, the shortest route
was chosen as it is known as potential access. For patients travel-
ling to haemodialysis facilities with their own vehicles, fuel was
included in the travel cost. The estimated fuel was 10 litres per
hundred km for cars and three litres for motorcycles. Since there
was a measurement bias in self-reported income and there is no
validated index for Iranian household income, the Townsend depri-
vation index (Townsend, 1987) adjusted by local experts, was used
for estimating patient income levels (Table 1).

Statistical analysis
The distribution of variables was skewed even after log trans-

formation. Therefore, we used median and inter quartile range
(IQR) instead of mean and standard deviation (SD) for descriptive
analyses. Moreover, non-parametric statistical tests were used for
inferential statistics.

Data for patients living in rural and urban areas without any
haemodialysis facility (Group A) and those living urban areas with
haemodialysis facilities (Group B) were analysed separately. The
effect of all variables on AAT, as a response variable for both
Groups A and B was tested. The Man Witney test (Nachar, 2008)
for examining the effect of binary variables on AAT and the
Kruskal-Wallis test (Elliott and Hynan, 2011) were used for deter-
mining the effect of other nominal variables on AAT. The linear,
quadratic, and cubic associations were examined to determine the
relationship between AAT and other numerical variables, then the
best model (with the maximum of R2) was chosen. 

All significant univariate analysis variables were entered into
the univariate general linear model (GLM) to identify factors asso-
ciated with AAT. The GLM for Group A patients was developed by
including AAT as a dependent variable and two covariates: dis-
tance and driving time, while car ownership, education level,
income level, sex, ethnicity, patient caregiver status and transporta-
tion mode comprised fixed factors. The univariate GLM for Group
B patients was partly different and included car ownership, educa-
tion level, income level, sex, ethnicity, patient caregiver status and
transportation mode as fixed factors. Naturally, the AAT was also
the dependent variable for Group B. 

All these analyses were performed twice. First, the AAT to
haemodialysis facilities, followed by the Actual Return Time
(ART) from the haemodialysis facility to the patient's home. The
significant threshold for all calculations was set at 0.05. We used
the SPSS Version 16 for statistical analysis, ArcGIS v. 9.3, and
Google Map for spatial analyses.

Spatial analysis
To visualise the difference between AAT as a revealed accessi-

bility measurement and driving time as a potential accessibility
measurement, both these values were interpolated. Spatial interpo-
lation is the process of using points with known values to estimate
values at other, unknown points. We used the Inverse Distance
Weighting algorithm for interpolation (Jia et al., 2016). 

Results
The general characteristics of sample populations are shown in

Tables 2 and 3. According to the former, some patients had
changed their home to get better access to haemodialysis (one in
Group A and 12 in Group B).

Driving time and the AAT score are summarised by a box-plot
in Figure 2. This figure shows a doubling of the AAT score com-
pared to the driving time in groups A and B. Further, it took
patients in Group A three times longer than patients in group B to
reach their assigned haemodialysis facilities. The Mann-Whitney
U test showed that there was a statistically significant difference in
the AAT score between the groups, Man-Whitney U=940.000,
P=0.000, with a mean rank AAT score of 115.00 for Group A and
57.00 for Group B.

Factors influencing Actual Access Time
The GLM analysis of group A showed that driving distance

and driving time as spatial factors with sex, income level, existing
patient's caregiver, transportation mode, education level, ethnicity,
and personal vehicle ownership as the non-spatial factors affecting
the AAT (Table 4); moreover, the results of the model showed that
the identified factors determined the AAT in 90% of the cases
(R2=0.906). In other words, 90% of changes in the response vari-
able (AAT) in Group A could be explained by these factors.

                                                                                                                                Article

Table 1. Estimation of the household income level of the haemodialysis patients in northern Khorasan Province, Iran.

Family status                                                                                                                                                                           Income level

The patient or the head of the household has a job; there is a car in the family; and they are house owners                                                              High
The patient or the head of the household does not have a job; there is no car in the family; and they do not own a house                                      Low
Other patients                                                                                                                                                                                                                                      Middle
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The GLM analysis of group B showed that the non-spatial fac-
tors were the same as those identified for Group A (Table 5); fur-
thermore, the results of the model showed that the identified fac-
tors determined the AAT in 95% of the cases (R2=0.951). In other
words, 95% of changes in the response variable (AAT) in Group B
could be explained by these factors. Table 5 shows that none of the
spatial factors (driving distance and driving time) were identified
as factors affecting the AAT.  

Comparison between Actual Access Time and Driving
Time 

AAT and driving time were compared to visualise the accessi-
bility to haemodialysis facilities. Figure 3 shows the interpolated
AAT as a revealed accessibility index and the interpolated driving
time as a potential accessibility index to visualise the access to
haemodialysis facilities at the regional level. 

Comparison between Actual Access Time and Actual
Return Time

The results observed for AAT and ART were similar to that
between AAT and driving time, i.e. there was a significant positive
correlation between AAT and ART (r=0.946, P<0.001).

Discussion
Cities in northern Khorasan Province are small and do not have

heavy traffic. Our study showed that spatial factors are not the
main determinants of health care access in urban area with having
haemodialysis services. However, for the Group A patients, the

spatial factors had an effect on AAT because these patients had to
spend a longer time travelling to the health care facility. However,
this is an contended issue, Thompson et al. (2012) for example,
have shown that distance was also an important factor for urban
haemodialysis patient travel, while Smith et al. (1985) report that
travel time to the place of treatment is a relatively unimportant
aspect of the care of haemodialysis patients in metropolitan areas.
It seems that the association between spatial factors and the AAT
varies in urban areas and depend on other factors such as traffic
and the area of the city. Therefore, different studies may have dif-
ferent results and policymakers should consider these issues when
planning and/or modifying haemodialysis care to unmet areas in
both urban and rural areas. Some earlier studies, for example
Salgado et al. (2011) and Faruque et al. (2012), worked on some
models to minimise inequities in haemodialysis facilities distribu-
tion through finding new facility locations. The work in our study
area presented here also emphasises the need for such studies.

This study identified that non-spatial factors affecting the AAT
for patients in groups A and B are the same. The fact that females

                   Article

Table 3. Descriptive attributes of the sample population (patients
of Group A and B).

Characteristic                 Group    Min     Median       IQR       Max

Age (year)                                      A             16              48               38-57            84
                                                          B             16              53               41-63            83
AAT (min)                                       A             10              45               30-60          210
                                                          B              5               15               10-20            60
ART (min)                                       A             10              45               30-60          210
                                                          B              5               15               10-20            60
AAT + ART (min)                          A             20              90              60-120         420
                                                          B             10              30               20-40          120
DD to dialysis facility (km)         A              2               19                8-36            110
                                                          B              1                3                  2-5              13
DD to home (Km)                        A              2               19                9-38            111
                                                          B              1                3                  2-5              13
Total DD (Km)                               A              4               38               17-74          221
                                                          B              2                6                 4-10             26
DT to dialysis facility (min)        A              5               20               12-32          101
                                                          B              2                8                 5-10             22
DT to home (min)                        A              5               21               13-33          102
                                                          B              2                8                 5-10             21
Total DT (min)                               A             10              40               25-66          203
                                                          B              4               16               10-20            43
Cost of travel to dialysis             A              0             3500         2500-6500    25000
facility (Toman/USD)                                                ($0.92)    ($0.66-1.71) ($6.58)
                                                          B              0             1256          240-2500      6000
                                                                                        ($0.3)     ($0.06-0.68) ($1.58)
Cost of returning home              A              0             3500         2500-6500    25000
(Toman/USD)                                                             ($0.92)    ($0.66-1.71) ($6.58)
                                                          B              0             1320          300-2500      6000
                                                                                       ($0.35)    ($0.08-0.66) ($1.58)
Total cost (Toman/USD)             A              0             7000        4300-12770   50000
                                                                                       ($1.84)    ($1.13-3.36)($13.16)
                                                          B              0             2576          520-5000     12000
                                                                                       ($0.68)  ($0.137- 1.31)($3.16)
History of dialysis (month)        A              2               34               10-64          216
                                                          B              2               36                9-60            180
IQR, interquartile range; AAT, actual access time; ART, actual return time; DD, driving distance; DT, driv-
ing time; USD, US dollar.

Table 2. General characteristics of the haemodialysis patients in
northern Khorasan Province, Iran (December 2015).

Characteristic                 All patients       Group A        Group B
                                               (n)                  (n)               (n)

Gender                                                    
       Male                                              97                          41                         56
       Female                                         70                          28                         42
Occupation                                            
       Yes                                                 27                          9                         18
       No                                                  140                           60                         80
Education                                               
       Illiterate                                       74                          38                         36
       Ability to read and write           55                          22                         33
       High school or diploma            30                          7                         23
       Tertiary                                         11                          2                         9
Ownership of personal vehicle        
       Yes                                                 56                          11                         45
       No                                                  111                           58                         53
Income level                                          
       Low                                                61                          31                         30
       Middle                                          67                          28                         39
       High                                               39                          10                         29
Relocation due to dialysis                  
       Yes                                                 13                          1                         12
       No                                                  155                           68                         87
Total                                                      168                           69                         99
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in Group A had a higher AAT score than males may be related to
the fact that Iranian women are less able to commute, especially
when travelling from a remote area to the city. Dialysis policymak-
ers can plan for women who come from remote or rural areas to
haemodialysis facilities by providing transportation services.
Additionally, such a service can reduce the negative impact of
other factors on the AAT score, and a better transportation system
may eliminate the income effect, transportation mode and car own-
ership. It should be investigated if this approach would be a way to
reduce the AAT score for haemodialysis patients and if so, whether
it would be cost-efficient.  

To the best our knowledge, this is the first study in Iran using
the AAT for identifying accessibility to haemodialysis facilities.
Moist et al. (2008), in contrast to our study, showed that employ-
ment status, family support and age correlated with self-reported
one-way travel time. However, like our study, Saunders et al.
(2014) showed that proximity to haemodialysis facility did not
alone indicate access as other factors, e.g., ethnicity, could also
affect access. Matsumoto et al. (2013) used driving time, Salgado
et al. (2011) driving distance and Saunders et al. (2014) Euclidean
distance (the straight-line distance between two points) for mea-
suring accessibility to haemodialysis facilities. Our study, howev-
er, showed that each of these measures used alone would not be

                                                                                                                                Article
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Figure 2. Driving time as potential access measurement vs actual
access time as revealed access measurement. Stars and circles show
the outlier patients.

Table 4. General linear model for indicating factors affecting actual access time in Group A (R2=0.906).

Source                               Type, sum of squares°         Degree of freedom       Mean square                   F-test value          Significance
                                                                                                                                                                                                            (P value)

Corrected model                                       115037.580                                             35                                   3286.788                                        9.067                              0.029
Intercept                                                      25934.659                                               1                                   25934.659                                      71.546                             0.000
Cubic of DD                                                   403.086                                                 1                                     403.086                                         1.112                              0.000
Cubic of DT                                                      0.012                                                   1                                       0.012                                           0.000                              0.000
Vehicle ownership                                      1398.883                                                1                                    1398.883                                        3.859                              0.000
Sex                                                                  2129.384                                                1                                    2129.384                                        5.874                              0.000
Transportation mode                                 1976.466                                                3                                     658.822                                         1.817                              0.000
Income level                                                 1139.329                                                2                                     569.665                                         1.572                              0.000
Education level                                            2030.654                                                3                                     452.000                                         2.567                              0.000
Ethnicity                                                        1057.000                                                3                                     524.000                                         3.254                              0.000
Patient caregiver                                         2129.384                                                1                                     569.665                                         3.254                              0.000
DD, driving distance; DT, driving time. °The predictive power of the model with all the other variables except the one being tested (in essence, every variable in the model is tested in light of every other variable in
the model, which means that main effects are tested in light of interaction variables as well as in light of other main effects). If the P value for the F-test of the overall significance test is less than the 0.05, the null-
hypothesis is rejected and it is concluded that the model provides a better fit than the intercept-only model.

Table 5. General linear model for indicating factors affecting actual access time in Group B (R2=0.951).

Source                               Type, sum of squares°         Degree of freedom       Mean square                   F-test value          Significance
                                                                                                                                                                                                            (P value)

Corrected model                                        16253.000                                              74                                    219.000                                          4.00                               0.000
Intercept                                                      16153.000                                               1                                   16153.000                                     366.000                            0.000
Vehicle ownership                                        79.000                                                  1                                    1398.883                                        3.859                              0.000
Sex                                                                   652.000                                                 1                                     652.000                                        14.000                             0.001
Transportation mode                                 1740.000                                                3                                     580.000                                         1.817                              0.000
Income level                                                  420.000                                                 2                                     210.000                                         1.572                              0.021
Education level                                             756.000                                                 3                                     252.000                                         2.567                              0.006
Ethnicity                                                         582.000                                                 3                                     194.000                                         4.000                              0.016
Patient caregiver                                           28.000                                                  1                                      28.000                                          3.254                              0.000
°The predictive power of the model with all the other variables except the one being tested (In essence, every variable in the model is tested in light of every other variable in the model, which means that main
effects are tested in light of interaction variables as well as in light of other main effects). If the P value for the F-test of the overall significance test is less than the 0.05, the null-hypothesis is rejected and it is
concluded that the model provides a better fit than the intercept-only model.
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perfect for examining revealed access to haemodialysis facilities
because there are many other non-spatial factors affecting the AAT
in rural and urban areas (Tables 4 and 5). For example, patients
who live near a haemodialysis facility may have a high AAT score
because they do not have access to a taxi or a private car to reach
the haemodialysis facility, and this would be because of a poor
public transport system or financial problems. Therefore, the AAT
compared to driving time is a more comprehensive measurement
for health policymakers to target interventions to correctly assign
people and places (Figure 3). As both Figures 2 and 3 show, the
AAT (as a revealed accessibility index) and driving time (as a
potential accessibility index) are different. Additionally, Figure 2
shows that the AAT index determines the outlier patients better
than driving time does, so the AAT index can be used for the plan-
ning for special patients with special problems. Health policymak-
ers could first identify factors affecting the AAT and then plan to
decrease this index because increased access time to haemodialysis
facilities could have clinical implications with increased mortality
and decreased quality of life (Stephens et al., 2013). According to
the Renal Association Clinical Practice Guideline on
Hemodialysis, patients in remote areas should have access to
haemodialysis facilities as well as be able to return back to their
home after finishing treatment within 30 minutes (Mactier et al.,

2011). In our research, 75% of patients in group A could not access
haemodialysis facilities in less than 30 minutes. However, with
proper planning, it could be reduced to 25% (Figure 2). 

Unexpectedly, patients in group B, changed their home more
often than group A to gain better access to a haemodialysis facility.
It seems this is not common in rural areas due to financial prob-
lems. Indeed, financial capability is an important non-spatial factor
that can affect the AAT to a haemodialysis facility. In this study, the
patients with a high income level had a better AAT score. Tshamba
et al. (2014) emphasised that the economic status is associated
with increased risk of death among haemodialysis patients. Table 3
shows that the total average round-trip cost was 7,000 Toman
(about 1.8 USD) for group A and 2,576 Toman (around 0.68 USD)
for group B of patients. Although this cost is low in comparison to
the full cost for the haemodialysis session (190,000 Toman or close
50 USD), this is not seen by the patients as this cost is fully sub-
sidised by the government. Considering the comparatively low
transportation cost, it could perhaps be possible to subsidise that
too. This study developed a comprehensive index of revealed
accessibility to haemodialysis facilities including spatial and non-
spatial factors into one framework. However, the results of this
study can only be generalised for regions similar to northern
Khorasan. Considering chronic conditions, especially for patients

                   Article

Figure 3. Difference between interpolations of driving time as potential access index (A) and actual access time as revealed access index
(B) at the regional levels of north Khorasan Province, Iran.
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with ESRD, the access time to health care facilities and return time
travelling home are both important because of the many trips need-
ed to receive the needed health service. Therefore, the ART was
also examined. As there was a high correlation between AAT and
ART, the policymakers in the health sector should be able to use
one of them to improve accessibility to haemodialysis facilities. 

Conclusions
The factors affecting revealed accessibility to haemodialysis

facilities are different when rural and urban patients are compared.
Policymakers could make proper decisions by analysing the AAT
determinants as a revealed accessibility measurement; however,
separate analyses are needed for rural and urban patients. Driving
time in both urban and rural areas is not a good proxy for measur-
ing access to haemodialysis facilities used alone, as there are many
other reasons connected with transportation, for example, women's
travel problems, ethnicity disparities, patients' education level,
caregivers' status, or low income. As the AAT and ART indices cor-
relate well, policymakers could use any one of these indices to
measure revealed accessibility.
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