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ARTICLE INFO ABSTRACT

Keywords: Objective: To evaluate the implementation of a novel electronic medical record (EMR) system for management of
Electronic medical record non-communicable diseases (NCD) (hypertension (HTN) and diabetes mellitus (DM)) in health facilities in in-
H_}’Pertemion formal settlements in Nairobi. Questions of interest were on the use of, perception of the HCWs, and scalability
Diabetes and sustainability of the EMR system.

Non-communicable diseases Method: The study utilised a descriptive and analytical implementation evaluation through a convergent parallel

mixed-methods design in 33 health facilities in the informal settlements in Nairobi County, Kenya. We carried
out semi-structured interviews with the county and sub-county health management staff (n = 9), facility in-
charges (n = 8), healthcare workers (HCW) (n = 35), and project staff (n = 7). Additionally, quantitative
analysis, trend analysis, critical evaluation and costing were done. Qualitative data were analysed thematically
using NVIVO while quantitative data were analysed using Excel and Stata software.

Results: The EMR system significantly improved data capture and management of HTN and DM patients. The
system helped clinicians to adhere to treatment and management guidelines and in clinical decision making.
Most HCWs had a positive attitude and perceptions about the EMR system, and it was a good initiative for
improving the quality and standardisation of care. The data captured made it easier to generate health facility
and clinics reports which were essential for planning and decision-making processes. A critical audit of the EMR
system features showed adequate general design features (data elements, structure and organisation, ease of use,
accessibility, interfaces, confidentiality, access limitation, accuracy and integrity).

Discussion: Use of the EMR helped in improving patients care. The technology not only enhanced assurance of
patients’ information safety and availability but also supported in clinical decision making and standardisation of
care. Successful implementation of the technology is dependent on positive perception and attitude of the HCWs.
While the initial cost of setting and managing the EMR is high, future maintenance cost could be lower, making it
sustainable in the long run. However, it is vital for future implementors to source for adequate funds to run it to
completion if it is to achieve its objective.

Abbreviations: CVDs, Cardiovascular Diseases; EMR, Electronic Medical Records System; NCDs, Non-Communicable Diseases
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1. Introduction

Electronic medical record (EMR) is a system that helps to create and
manage patients’ data such as complaints, lab orders, diagnosis, pro-
cedures and treatment electronically [1]. It is an enabling technology
that allows hospitals to pursue essential quality improvement programs
which could lead to healthcare savings, reduction of medical errors,
improvement of implementation of care guidelines, and provision of
data for decision support [2]. However, adoption of EMRs faces barriers
such as high cost of procuring and maintaining the system, inadequate
network infrastructure, and difficulty in use among HCWs [3]. Other
barriers are difficulties with technology, slow and uncertain financial
payoffs, high initial physician time costs, electronic data exchange is-
sues, and physicians’ attitudes [2].

Use of EMRs has increasingly been taken up to support healthcare
constrained systems in delivering maternal and child health, HIV and
tuberculosis (TB) programs [3-7]. Despite the progress in use of EMR,
their penetration is still remarkably low [3,8]. Significantly, the use of
EMRs in the field of non-communicable diseases (NCDs) is particularly
limited in low and middle-income countries (LMICs) [9] despite the
increasing burden of the disease in the setting and barriers of institu-
tional surveillance capacities [9,10]. There have been only a few im-
plementations of EMRs for the NCD care in LMICs; nonetheless, those
that have been implemented have shown some improvements in health
outcomes [11-14].

Kenya is one of the LMICs that face a significant burden of NCDs as
they account for 50 % of hospital admissions and 55 % of hospital
mortalities [15,16]. Cardiovascular diseases (CVDs) lead NCD mortality
due to high prevalence of multiple risk factors such as hypertension
(HTN), diabetes (DM), cholesterol, smoking, and obesity [16]. While
the proportion of HTN and DM varies across different communities and
counties in Kenya [17,18], the overall proportions of HTN in the
country is 21.4 % [19] while that of DM is 4.56 % [15]. Consequently,
the government of Kenya has developed strategies to encourage use of
sustainable EMRs particularly in the public health sector hospitals
[20,21] and bridge the gap in NCD management. Additionally, Kenya
has developed guidelines to help in managing NCDs [16,22]. Despite
there being guidelines, the nationally unified system to record NCDs has
been shown as vulnerable, with inadequate testing mechanisms for
quality assurance notwithstanding the increasing patient numbers [23].
While other health indicators are collected through the Kenya Health
Information System (KHIS), which is a free open source database used
for collecting and analysing health information [24], there is a gap in
collecting detailed patient information rather than just the aggregate
numbers. Therefore, basic health care facilities must be able to collect
and release relevant data on NCD either through innovation or by using
manually data recording booklets.

Consequently, the government and several partners are playing a
role in developing and implementing innovative technologies to help in
patient data collection [25,26]. One such partner is the German Min-
istry for Economic Cooperation and Development, which funded the
development of an EMR system that would use innovative technology
to improve data capture and management of HTN and DM in Kenya.
The system was implemented by Malteser International (MI) through
African Institute for Health and Development (AIHD) and IntelliSOFT
Consulting Limited in collaboration with Nairobi County Government.
The system provided a platform that would digitise DM and HTN pa-
tients' data in 45 health facilities in four sub-counties of Nairobi County,
namely; Embakasi East, Embakasi West, Westlands and Roysambu /
Ruaraka. The ultimate goal was to improve NCD health information;
thereby, enhancing the quality of care and also developing tools that
could continue to be used by the government in the future. The im-
plementation strategy is shown in Fig. 1.

The project commenced in October 2016 though the actual im-
plementation started in March 2017 when AIHD was identified as the
implementer and recruited the system developer in September 2017.
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The EMR system was developed in January 2018 and piloted in eleven
facilities from September 2018 to February 2019. In March 2019 it was
expanded to cover 45 facilities and has been operational to date. It
aimed at providing high-quality data as a prerequisite for better in-
formation and decision-making on NCD. While facility capacity as-
sessment, baseline and midline survey of the projects were conducted,
there was need to explore the acceptability, sustainability and uptake of
the EMR.

Therefore, in this study, we present the results of an evaluation of
implementation of this novel EMR system for management of HTN and
DM in health facilities in informal settlements in Nairobi County. The
paper makes contribution to medical informatics by showing: first, the
use of the EMR (uptake and adaptability, acceptability and facilitators, and
barriers) of the EMR system; and second, the software design features
and their cost of development and maintenance (design features, scal-
ability and sustainability of the system). The questions are key in ad-
dressing successful implementation process of an EMR.

2. Methods
2.1. Study design

We utilised descriptive and analytical implementation evaluation
through a convergent parallel mixed-methods design. The qualitative
methods were used to explore the perception of the HCWs in using EMR
while the quantitative methods were used to answer the questions on
use of the EMR, the software design features and the cost of develop-
ment and maintenance. The findings from both methods were analysed
separately, compared or related and then used to interpret findings
[27]. We chose the design since findings from each part of the study
enhanced understanding of the depth and breadth of the EMR system.

2.2. Study setting

The study was conducted in 33 out of 45 health facilities in the
informal settlements of four sub-counties in Nairobi County, namely:
Westlands, Ruaraka, Embakasi East and Embakasi West. Despite im-
plementing the EMR system, twelve facilities were excluded from the
study due to high turnover of staffs, administrative protocol challenges,
late recruitment into the project, and having zero number of patients
registered.

2.3. Study population, sampling and sample size

The study population included 52 HCWs from 33 hospitals (12
private/Faith-based organisations and 21 public health centres and
dispensaries) (Table 1). The HCWs were either facility in-charges,
clinical officers, nursing officers, records officers, sub-county medical
officers, or NCD focal persons who were purposively selected based on
their experience with the EMR system. Most (46 %) were 24 years and
below, 63 % had a diploma level of education, and 60 % had used
computers for six years and above (Table 1). Further study respondents
were project staff from AIHD, MI, and IntelliSOFT (n = 7). Ad-
ditionally, we critically evaluated the general design features of the
EMR system amongst one HCW in each of 13 purposively selected
hospitals out of the 33. Three factors determined the purposive selec-
tion of facilities for critical evaluation: the number of patients (volume)
that had been recorded in the EMR system in the facility, presence of
staff trained on the EMR system, and discussions with the sub-county
officials who were managing all the hospitals. The recommended 13
were all high-volume facilities that were within the four sub-counties
that had recorded a high number of patients. Only one HCW in each of
the 13 facilities, who had been trained about the system and had re-
mained with the facility after training for more than a year, was chosen
to respond to the critical evaluation questions. Because of the selection
criteria, the 13 were among the 52 overall HCWs respondents.
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Fig. 1. Implementation of the EMR system.

Table 1
Summary of characteristics of the hospital and respondents from hospitals.

Characteristics Frequency  Proportion

Hospital (n = 33) Public health centres and 21 64%
dispensaries
Private/Faith-based 12 36 %
organisations

Interviewee designation Facility in-charges 8 15%

(n = 52) Clinical officers 25 48%

Nursing officers 5 10%
Records officers /Data 10 19%
clerks
Laboratory technologists 1 2%
Sub-county medical 3 6%
officer/ NCD focal persons

Age category (n = 52) 24 and below 24 46 %
25-35 19 37%
Above 35 9 17%

Education level (n = 52) Diploma 33 63 %
Bachelors 18 35%
Masters 1 2%

Length of computer use 5 years and below 10 19%

(n = 52) 6 years and above 31 60 %

Not specified 11 21%

2.4. Data collection

The study was carried out by five research assistants who were
trained for three days on data collection and study tools. The tools were
piloted for one day at a non-participating healthcare facility in Nairobi.

2.4.1. Qualitative data

We conducted in-depth interviews using semi-structured ques-
tionnaires with Nairobi County and sub-county NCD unit staff who
supported the implementation of the EMR system; the facility in-
charges and HCWs who interacted with the systems in the hospitals;
and the project staff from MI, AIHD, and IntelliSOFT who financed,

implemented, and maintained the system respectively.

2.4.2. Quantitative data

There were three main aspect of quantitative data. First, data on
characteristics of the patients enrolled in the participating health fa-
cilities and trend analysis were extracted from the EMR storage column
as provided by the developer using a structured database query. The
characteristics of the patients included age, gender, disease specific
characteristics, and mode of treatment. The trend data included the
cumulative number of DM and HTN patients, number of first visits, new
cases and re-visits.

Second, cost data were extracted from source documents such as
budget and expenditure reports provided by AIHD. We used a full
costing approach [28] to estimate the cost of development and main-
tenance of the EMR system. All the budget and expenditure information
received was entered into an Excel sheet. We then used the VLOOK UP
formula in Excel, guided by the dates of expenditures, to categorise and
sum up all the monthly costs as either the one-time direct cost of setting
up the EMR system or as recurrent costs of managing it. We categorised
the one-time direct to include the cost of developing the EMR system
and the costs of the equipment such as purchasing mobile phones and
laptops. The recurrent cost included the cost of piloting, maintenance of
server and backup, SMS costs, and contingency for updates and follow
up meetings. The cost was then annuitized by summing up the monthly
costs based on the date of expenditures and the rate of consumption of
the budget. T To estimate the sustainability and scalability in the short-
and long-term, we prorated the annuitized costs based on assumptions
of population growth, inflation, and cost allocation on whether the
costing item would be applicable in the future of the project or not.

Third, a critical evaluation of the EMR system was conducted in two
phases. Phase one was done using an EMR audit tool [29] administered
to the developer to evaluate the EMR system against a standard EMR.
The purpose was to evaluate the general design features (data elements,
structure and organisation, ease of use, accessibility, interfaces,
training, confidentiality, access limitation, accuracy and integrity);
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HCWs features (record management, case management and adminis-
tration reports generation); and patient-specific features (reminders,
access to information and educational resources) [29,30]. Phase two
was done using an evaluation tool adapted from the EMR audit tool and
the Kenya national strategy for the prevention and control of non-
communicable diseases 2015-2020 [16,29]. The phase was useful to
evaluate the decision-support structure around the national guidelines
and was targeted to one HCW in each of the 13 facilities as described in
the sampling section. It appraised whether, by using the EMR system,
HCWs were adhering to the national guidelines, and were supported to
make the right clinical judgements.

2.5. Data analysis

2.5.1. Qualitative data

The interviews were recorded and transcribed then exported to
NVIVO 11 software (QSR International, Australia) for coding and ana-
lysis. The participants were identified using a participant identifier and
code. We then conducted a thematic analysis of emerging themes using
both inductive and deductive approaches. Arising comparisons in per-
ceptions and concepts were documented within and among the facil-
ities.

2.5.2. Quantitative data

Patients characteristics and trend data were cleaned and analysed
using Stata 15.0 (Stata Corporation, College Station, Texas, USA).
Costing data was filtered and analysed using Excel software. Descriptive
analysis was conducted using frequency distributions, and measures of
central tendency and dispersion. Critical evaluation data was entered
into excel and analysed using descriptive analysis.

2.6. Ethics consideration

We obtained ethics clearance from the AMREF Ethics Review Board
(Ref no. AMREF-ESRC-P695/2019), and authorisation from Nairobi
County health services (Ref no. CMO/NRB/OPR/Vol 1-2/2019/121).
All interviewees provided written consent, and we obtained permission
from the hospitals to engage them.

3. Results
3.1. The use of the EMR

3.1.1. Uptake and adaptability of EMR

A trend analysis of the data captured in the EMR showed that the
number of patients captured in the system during implementation
consistently increased. It was also noted that; the cumulative number of
HTN patients in care was more than the cumulative number of DM
patients in care throughout the entire implementation duration of the
system (Fig. 2) as also indicated by the HCWs: “...from the project in-
itiation up to now you can see that the reporting rates have increased...the
clients out there are getting captured and they are being managed” (Clinician
023).

The EMR system allowed clinicians to capture important aspects of
care such as biodata, risk factors, diagnosis, treatment provided, follow
up of patients and referrals as shown in Table 2 that were previously not
captured in the KHIS. For instance, we were able to tell from the daily
register that could be extracted from the system that the cumulative
number of patients enrolled in the EMR system from 1st September
2018 to 31st July 2019 was 2,449. 18.8 % had DM, 44.8 % had HTN,
and 16.2 % had a co-morbidity of DM and HTN diagnosis. Slightly more
than half (57.5 %) of the patients were aged between 36 —60 years,
while 70.6 % were female. 14 % had a normal BMI of between
18.5-24.9, and 17.6 % had blood pressure (BP) of above 140/90. There
were 214 newly diagnosed HTN and 103 DM patients (Table 2).
However, while it was crucial that the such data was captured, there
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was still some patients missing crucial data; for instance, 20.2 % of the
patients had a missing disease category, 49.7 % had missing BMI in-
formation, and 2.7 % missing BP records.

3.1.2. The acceptability and facilitators of the EMR system

Several clinicians shared that before the EMR system was in-
troduced, reporting, specifically for NCDs, was poor: “Initially reporting
was poor...they [sub-county] did not have a clear picture of how many
patients are on treatment for non-communicable diseases, but today they can
be able to access that.” (Clinician 031). Before the EMR, HCWs were
spending much time to access patient files, especially in busy facilities
with many clients. Often, they had to arrive early at work to ensure the
files were ready before the clinic began, but with the system, the patient
information is readily accessible. One HCWs noted that follow-up in-
formation documenting the progress of patients was equally easy to
“...it makes it easy to access the data from the patient from the
history depending on the number of visits the patient has come so you can
easily access the visit and see the medical history...” (Clinician 022). In
fact, the HCWs and the sub-subcounty officials noted that by capturing
data electronically through the EMR system, facilities had real-time
data and they were able to generate and share monthly reports timely.
The real time data entry, they noted, averted inconveniences and in-
accuracies that come with entering the data retrospectively as one
health records and information officer shared: “...we conduct real-time
data entry at once so that we can have everything updated instead of
backdating because backdating at times can be a challenge.” (Sub-county
HRIO 001). Equally, the system was easy to use, improved work effi-
ciency and hence, efficiency in work management in hospitals: "The
system has added value because we have been able to work faster and we
have many clients, so all of them are in the system, so when a client comes, it
is just putting in the identification number then you see that client, other than
sitting with all the tools and taking a long time." (Sub-county NCD focal
person, SC 001).

The evaluation showed that the EMR system through its interfaces,
was making it easier for the HCWs to quickly and easily generate re-
ports, unlike before when reporting was cumbersome and took much
time. Health records and information officers (HRIOs) often had to
mine data from different hardcopy documents in order to compile a
comprehensive report. One clinician said: “reports are just one click
away, you just press one button and you have all your reports there, yeah,
compared to the previous one where we used to count all of them, a lot of
adding” (Clinician 016). Additionally, the EMR system simplified gen-
eration of reports over a specified time due to the flexibility of the
system: “...so I just go to the dashboard, click on reports and then insert
dates 1st maybe to 31st then I run the report, the system generates the re-
ports for me...” (Data Clerk 042).

Through the EMR system data elements, it was possible for the
HCWs to capture detailed history of patients which then made it much
easier to obtain a comprehensive medical history for a particular pa-
tient. As one clinician noted: "... at times you would forget other systems
[of the body] that you need to tackle, but with the tool, it is systematic. You
know after the biodata you have to do this and do this ...” (Clinician 023).
Equally, the presence of an EMR also aided in capturing more details of
the patients no matter the workload by the HCWs as one clinician
noted:“... in public facilities sometimes, you get overwhelmed, but when you
are using the tool, it takes you through almost every detail of a patient, it is
hard to miss a thing in a patient." (Clinician 016).

The system was characterised with improved quality management
of care. Keeping the electronic records on the characteristics was en-
abling the HCWs to track the progress of the disease across a continuum
of care, as reported: "We are able to keep records and the data, and it is
easy for us ...to know the history of the patient. If you have not been here,
your colleague has been seeing the patient previously; you are able to retrieve
and see how the patient has been progressing" (Clinician 002). Aside from
the data, there are built-in functions that automatically calculate spe-
cific parameters of a patient such as BMI given the height and weight

access:
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Fig. 2. EMR Data Trend analysis.

measurements and also indicate the whether they are within the normal
ranges of specific parameters such as BP: "Yes because for example when
you key in weight and height it automatically calculates the BMI and it
brings an alert where there are colour codes, blue, red and so between red
tells you whether it is bad or good that is just an alert.” (Clinician 025). The
function, the noted, helped to improve data completeness and elimi-
nated errors through manual calculations. Some of the errors that the
HCWs cited were flags when there was wrong combination of drugs is
given, hence helping HCWs make right decisions and prescriptions.

The clinicians also reported that the patient’s data in the EMR sys-
tems also ensured a systematic and standardised way of managing NCD
patients and a reminder of good clinical practice: "...at least now we have
a very systematic and standardised way of managing NCDs..." (Clinician
023). Besides the standardisation, the HCWs reported that the EMR
system was a mirror reflection of the national guidelines on the man-
agement of DM and HTN. The patient’s data together with the standard
operating procedures (SOPs) and charts that it contained, acted as a
reference point for better clinical decisions and care of HTN and DM
patients: “When I say it is working, I mean the system has enabled us to see
the patient faster, manage this patient correctly, and also the drugs that are
required are in the system, and we are able to pick the right medication. So,
it is giving us that aspect, and also we are able to generate our reports." (Sub-
county NCD focal person, SC 001).

Equally, all patient information collected on the EMR system was
securely stored in password-protected servers which ensured that data
was confidential and always available as needed. It consequentially
prevented issues of misplaced or missing patient information that often
had been accumulated over a long period: "...if you enter your data
correctly, that data will forever be there whenever you need it you will get it,
and I have never seen...there has not been loss of data" (Clinician 016).
Over the course of their practice, clinicians reported that they had had
situations where hard-copy patient files went missing: “...initially we
used to use just the files ...you could find that most of the patient files were
missing...” (Clinician 016). However, since the introduction of the EMR
system, there are always a backup of the patient information.

3.1.3. Barriers of the EMR system

However, the system was associated with increasing workload of
HCW because they have to document patients care in both MOH Paper-
based reporting tools and the EMR system. As a result, some preferred
using the paper-based system of managing patients: “...we are supposed
to use this system yet we are still being given this paper..this is like double
work..whatever is in the system is what is copied on the paper. So, when you
fill in that you must go back to the system again to key in those patients”
(Clinician 025). Besides, some respondents also felt that health system-
related deficiencies such as staff shortage and inadequate supply of
basic medication had affected compliance to national guidelines:
"Adherence to national...that's...it's been a bit tricky to tie that to the system
because primarily because of workload and staff shortage. So, in that sense,
we cannot monitor in real-time, and the tool ends up being more for col-
lecting the data than really monitoring the adherence of it... " (Program
Officer 002 IntelliSOFT).

However, despite the positive trends, further analysis showed that,
while the system was developed to help update patient’s data on the
KHIS, there was a variance in the number of patients captured in the
EMR system and the KHIS. For instance, the cumulative number of DM
patients reported from November 2018 to July 2019 was higher in the
KHIS as compared to the system. In July, the number of patients re-
ported in KHIS was 564, while only 282 patients were recorded in the
system (Fig. 3).

3.2. Design features, scalability and sustainability of the system

This section present findings of the critical evaluation of the soft-
ware design features of the EMR and its cost of development and
maintenance for sustainability. The findings show that the EMR system
is particularly useful in general design features (data elements, struc-
ture and organisation, ease of use, accessibility, interfaces, training,
confidentiality, access limitation, accuracy and integrity). In terms of
HCWs features (record management, case management and adminis-
tration reports generation), the system was reasonably supportive of
NCD case management compared to other EMR systems. On patient-
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Table 2
Characteristics of the DM and HTN patients registered in the EMR system for
HTN and DM.

Variable Category Frequency (n = Percentage
2449)

Age categories 0—5 years 4 0.2%
6—18 years 16 0.7%
19—35 years 345 14.1%
36—60 years 1407 57.5 %
> 60 years 677 27.6%

Gender Male 721 29.4%
Female 1728 70.6 %

Disease category’ Diabetes only 461 18.8 %
Hypertension only 1097 44.8 %
Both diabetes and 397 16.2 %
Hypertension
Missing disease 494 20.2 %
category

BMI < =18 19 0.8%
18.5-24.9 344 14.0%
25-29.9 463 18.9%
> = 30 406 16.6%
Missing BMI 1217 49.7 %
information

BP Bp > 140/90 432 17.6 %
Normal BP 1951 79.7%
Missing BP record 66 2.7 %

Type of Visit First 1125 45.9%
Revisit 452 18.5%
Missing type of visit 872 35.6%

Modes of treatment Diet and physical 167 6.8%
activity
Oral glucose-lowering 375 15.3%
agents
Insulin 86 3.5%
Anti-hypertensives 800 327 %
Other 36 1.5%
None 985 40.2 %

Newly diagnosed” (n =  Diabetes 103 32.5%

317) Hypertension 214 67.5%

! Diabetes was categorised as Type 1 Diabetes Mellitus, Type 2 Diabetes
Mellitus, Gestational Diabetes Mellitus, and Diabetes Secondary to other
sources while Hypertension was categorised as Hypertension and Pre-
Eclampsia.

2 Number of newly diagnosed cases was 317.
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specific features (reminders, access to information and educational re-
sources), the EMR system was reasonably good as it was sending out
reminders to patients who missed clinic appointments (Appendix 1).

The evaluation of the EMR system in the management of DM and
HTN showed that HCWs knowledge about the EMR and what in-
formation it could capture varied across the health facilities. For in-
stance, while EMR system captured risk factors, classified HTN based on
blood pressure, and supported clinicians in drug prescription, some
clinicians were not aware of these inbuilt features and thought the EMR
system content is not in line with the national guidelines (Appendix 2).

In terms of cost, the overall cost of implementing the EMR system,
both direct and indirect costs incurred by the implementer at the roll
out to all 45 facilities, was € 165,621 cumulatively (One Euro € = 112
Kenya Shillings (KES)). It is postulated to cost the implementers €
11,553 in 2020 and € 11, 322 by 2024 attributable to both the direct
and indirect cost of maintaining the system post the project life, in-
cluding the cost of SMSs, server and back up. This would may be sus-
tainable in the long run for the implementer due to the lower future
maintenance costs compared to the initial costs associated with its
development, pilot and roll out.

4. Discussion

The study set out to evaluate the implementation of this novel EMR
system for management of HTN and DM in health facilities in informal
settlements in Nairobi County. Particularly it addressed the elements of
the use and uptake of the EMR, perception of the HCWs in using EMR
and design and sustainability issues. The findings illuminated several
crucial factors that would potentially affect the sustainability of the
EMR implementation.

Our findings showed that the EMR system was crucial in steering the
management plan for patients in the right direction. By capturing de-
tailed patient information, the EMR can act a tool for enhancing of
continuity (follow up) and consistent delivery of high quality of care.
Other studies have showed that in-built resources in an EMR improve
care, standardises health services [29,30], and improve physician per-
formance and patient outcomes [12]. As our results have shown, im-
plementation of EMR systems could potentially lead to healthcare
savings, reduce medical errors, improve implementation of care
guidelines, and provide data for decision making; thus, improved health
[2]. One of the major hindrances to ensuring consistency in patient
management is segmented and incomplete documentation of a patient’s
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medical history and the management plan [20]. An incomplete history
may detour the correct course of management and eventually worsen
the patient's condition, especially for chronic diseases that are managed
over a long period. The lack of necessary patient information man-
agement of patients [31]. In resource-constrained settings, complete
and comprehensive medical history for HTN and DM is often hard to
achieve thus EMRs can play a critical role [13].

Implementation of EMR system requires the participation, satisfac-
tion and proper attitude of the HCWs [32,33]. Our results have shown
that the HCWs perceived positively the EMR based on it supporting the
achievement of national guidelines for management of HTN and DM,
supporting in reporting, ensuring completeness, timeliness and safety of
data. This finding is consistent with Bonner et al.’s work which showed
EMR improves accessibility of data [34]. However, there was an equally
different perception that the EMR was increasing the workload and
slowing the pace of work of the HCWs. These results congruent to that
of a study in an emergency department of a teaching hospital, which
showed that EMRs had increased documentation by four to five-fold
[35]. Equally, another study heighted the dearth of comfort in using
EMR by HCWs as being a significant challenge [3]. This finding could
likely explain why there was a difference in the number of records in
KHIS and the EMR as HCWs may have been feeling seeing it as dupli-
cation of work. The non-direct integration of the EMR system to KHIS
hindered automatic submission of that in the system and affected the
timeliness and quality of NCD data. Other studies have shown that data
verification in EMRs and clinical decision support could help improve
care [4]. Also, improved data capture had enabled sub-county and fa-
cility in-charges to plan better on the needed resources to manage
NCDs, including DM and HTN as was supported by the finding of a
systematic review of other studies [36].

The cost analysis of the EMR system showed the initial cost of set-
ting up the EMR was significantly high. However, the system would be
sustainable in the long run if the other high-cost EMR implementation
activities such as EMR system development and pilot are not carried out
again. Other studies have shown that barriers to adoption of EMRs are
high procurement and maintenance costs and inadequate network in-
frastructure [3] which in our study was a significant contributor to high
initial cost. Besides, the high initial financial costs, difficulties with
technology, unpredictable financial payoffs, immense initial physician
time costs, electronic data exchange issues, and physicians’ attitudes
[2] are some of the factors that could hinder feasibility of roll out of
EMR system. Further research on cost-effectiveness analysis would be
paramount to ascertain the level of cost-effectiveness of the EMR. Also,
the study showed intrinsic EMR system inefficiencies that are consistent
with other literature on EMRs. For instance, server instability (down-
time periods, Ul frame and root errors) during report generation and
data submission have been shown in other parts of Kenya [37]. The
challenges would hinder proper implementation.

5. Limitation of the study

Generalising the results of critical evaluation from the 13 purpose-
fully selected high-volume facilities is not warranted because the
findings may not translate to lower volume facilities because of sys-
temic differences. In assessing the patient’s clinical data, we en-
countered missing information which could point to systemic chal-
lenges of implementations; hence, the results should be interpreted with
caution. Our data limitations prevented us from comparing character-
istics of patients by condition (DM, HTN, and DM + HTN); this re-
presents a topic for future evaluation.

6. Conclusion
The evaluation of the implementation of this novel EMR system for

management of HTN and DM showed that use of innovative technology
likely to improve patients’ care. The technology not only enhances
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assurance of information safety and availability, but also support in
clinical decision making and standardisation of care. Successful im-
plementation of the technology is dependent on positive perception and
attitude of the HCWs. While the cost of setting and managing the EMR
could hinder its sustainability, it is important for future implementors
to source for adequate funds to run it to completion if it is to achieve its
objective. Overall, the EMR was useful in the treatment and manage-
ment of HTN and DM patients.

Authors contribution

Study concept and design: BO, SM, WK, CN; Analysis and interpretation
of data: BO, SM; Drafting of the manuscript: BO, SM; Critical revision of the
manuscript for valuable intellectual content: WK, CN, MS, VK, MC, SG, SW,
MS; Statistical analysis: BO, SM; Study supervision: BO, SM.

Funding sources

The German Ministry for Economic Cooperation and Development
(BMZ PT) funded Malteser International (MI) to develop an EMR system
that would use innovative technology to improve data capture and
management of HTN and DM (Project ID: 1288-14). The funders had no
role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Summary table

1 The implementation of the EMR system has improved the
clinical data capture for patients with diabetes and hy-
pertension.

2 The system enhanced the patient’s follow-up, eased record-
keeping for tracking medical history and supported in the
standardisation of care.

3 Successful implementation of the EMR is dependent on posi-
tive perception and attitude of the health care workers.

4 The cost of setting up and managing the EMR could hinder its
sustainability; therefore,it is important for future im-
plementors to plan for adequate long-term funding to
maintain the system if it is to achieve its objective.

Declaration of Competing Interest

None.

Acknowledgement

Our special appreciation goes to the African Institute for Health and
Development (AIHD) staff particularly Jared Owour (Project Officer)
who agreed to shed light on the implementation of the EMR system for
HTN and DM. Additionally, we would like to thank the Nairobi County
NCD Unit, the Sub-County Health Management Teams (SCHMTs),
health facility managers, and health service providers who were the key
respondents in the study. Particular gratitude goes to Dr Miriam Etole,
Faith Kithinji, Gregory Omondi, Justus Miran, Faith Imbiti and Mercy
Kadzo, who were the research officers who supported with the data
collection and coding.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.ijmedinf.2020.
104220.


https://doi.org/10.1016/j.ijmedinf.2020.104220
https://doi.org/10.1016/j.ijmedinf.2020.104220

B. Oyugi, et al.

References

[1]
[2]

[3]
[4]

[5]

[6]

71

[8]

[9

—_

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Evans, J.A., Electronic medical records system. 2002, Google Patents.

R.H. Miller, I. Sim, Physicians’ use of electronic medical records: barriers and so-
lutions, Health Aff. 23 (2) (2004) 116-126.

M.O. Akanbi, et al., Use of electronic health records in sub-Saharan Africa: progress
and challenges, J. Med. Trop. 14 (1) (2012) 1.

J. Haskew, et al., Implementation of a cloud-based electronic medical record to
reduce gaps in the HIV treatment continuum in rural Kenya, PLoS One 10 (8)
(2015) p. e0135361.

B. DeRenzi, et al., E-IMCI: improving pediatric health care in low-income countries,
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(2008).

M. Mitchell, et al., Using electronic technology to improve clinical care-results from
a before-after cluster trial to evaluate assessment and classification of sick children
according to Integrated Management of Childhood Illness (IMCI) protocol in
Tanzania, BMC Med. Inform. Decis. Mak. 13 (1) (2013) 95.

V. Muthee, et al., Site readiness assessment preceding the implementation of a HIV
care and treatment electronic medical record system in Kenya, Int. J. Med. Inform.
109 (2018) 23-29.

M.C. Were, et al., Evaluating a scalable model for implementing electronic health
records in resource-limited settings, J. Am. Med. Inform. Assoc. 17 (3) (2010)
237-244.

M. Kroll, R.K. Phalkey, F. Kraas, Challenges to the surveillance of non-communic-
able diseases — a review of selected approaches, BMC Public Health 15 (1) (2015)
1243.

J.J. Bigna, J.J. Noubiap, The rising burden of non-communicable diseases in sub-
Saharan Africa, Lancet Glob. Health 7 (10) (2019) e1295-e1296.

G.S. Bloomfield, et al., Mobile health for non-communicable diseases in Sub-
Saharan Africa: a systematic review of the literature and strategic framework for
research, Global. Health 10 (1) (2014) 49.

T. Bodenheimer, K. Grumbach, Electronic technology: a spark to revitalize primary
care? Jama 290 (2) (2003) 259-264.

R. Manjomo, et al., Managing and monitoring chronic non-communicable diseases
in a primary health care clinic, Lilongwe, Malawi, Public Health Action 6 (2) (2016)
60-65.

R. Pradeepa, et al., Use of a Large Diabetes Electronic Medical Record System in
India: Clinical and Research Applications, SAGE Publications, 2011.

Kenya National Bureau of Statistics and Ministry of Health, Kenya STEPwise Survey
for Non-Communicable Diseases Risk Factors 2015 Report, Ministry of Health,
Nairobi, 2015.

Ministry of Health, Kenya National Strategy for the Prevention and Control of Non-
communicable Diseases 2015-2020, [cited 2019 19th July]; Available from: (2015)
http://www.who.int/nmh/ncd-task-force/kenya-strategy-ncds-2015-2020.pdf.
A.H. Adan, Prevalence of Cardiovascular Disease Risk Factors in Urban Garissa
Residents, (2012).

S.0. Oti, et al., A community-based intervention for primary prevention of cardi-
ovascular diseases in the slums of Nairobi: the SCALE UP study protocol for a
prospective quasi-experimental community-based trial, Trials 14 (1) (2013) 409.
M.E. Hendriks, et al., Hypertension in sub-Saharan Africa: cross-sectional surveys in

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]
[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

International Journal of Medical Informatics 141 (2020) 104220

four rural and urban communities, PLoS One 7 (3) (2012) p. e32638.

S.G. Kang’a, et al., People, process and technology: strategies for assuring sustain-
able implementation of EMRs at public-Sector health facilities in Kenya, AMIA
Annual Symposium Proceedings, American Medical Informatics Association, 2016.
S. Kang’a, et al., A national standards-based assessment on functionality of elec-
tronic medical records systems used in Kenyan public-Sector health facilities, Int. J.
Med. Inform. 97 (2017) 68-75.

Ministry of Health, D.O.N.-C. Diseases (Ed.), Kenya National Guidelines for
Cardiovascular Diseases Management, Ministry of Health, Nairobi, 2018.

B. Ajwang’, et al., Enhancing Health Information System for Evidence Based
Decision Making in the Health Sector, [cited 2020 16 March]; Available from:
(2019) http://www.health.go.ke/wp-content/uploads/2019,/01/HIS-POLICY-
BRIEF-.pdf.

DHIS2. 2020. Kenya Health Information System (KHIS) for aggregate reporting
[Online]. DHIS2. Available: https://hiskenya.org/dhis-web-commons/security/
login.action [Accessed 16 March 2020].

N. Muinga, et al., Implementing an open source electronic health record system in
Kenyan health care facilities: case study, JMIR Med. Inform. 6 (2) (2018) e22.
Muinga, N., Magare, S., Monda, J., English, M., Fraser, H., Powell, J. & Paton, C.
2018. Survey of Electronic Health Record (EHR) Systems in Kenyan Public
Hospitals: A mixed-methods survey. JMIR Preprints.

J.W. Creswell, V.L.P. Clark, Designing and Conducting Mixed Methods Research,
Sage publications, 2017.

M.F. Drummond, et al., Methods for the Economic Evaluation of Health Care
Programmes, Oxford university press, 2015.

S. Rehm, S. Kraft, Electronic medical records: the FPM vendor survey, Fam. Pract.
Manag. 8 (1) (2001) 45.

Y. Kuroda, et al., Fact-finding survey on the operational status of electronic medical
record systems in Japan, Online J. Nurs. Inform. 21 (1) (2017).

T. Tuti, et al., Improving documentation of clinical care within a clinical informa-
tion network: an essential initial step in efforts to understand and improve care in
Kenyan hospitals, BMJ Glob. Health 1 (1) (2016) p. e000028.

C. Bossen, L.G. Jensen, F.W. Udsen, Evaluation of a comprehensive EHR based on
the DeLone and McLean model for IS success: approach, results, and success factors,
Int. J. Med. Inform. 82 (10) (2013) 940-953.

S. Vikkelsg, Subtle redistribution of work, attention and risks: electronic patient
records and organisational consequences, Scand. J. Inform. Syst. 17 (1) (2005) 10.
L.M. Bonner, et al., 'To take care of the patients’ qualitative analysis of Veterans
Health Administration personnel experiences with a clinical informatics system,
Implement. Sci. 5 (1) (2010) 63.

S.Y. Park, S.Y. Lee, Y. Chen, The effects of EMR deployment on doctors’ work
practices: a qualitative study in the emergency department of a teaching hospital,
Int. J. Med. Inform. 81 (3) (2012) 204-217.

F. Williams, S. Boren, The role of the electronic medical record (EMR) in care de-
livery development in developing countries: a systematic review, J. Innov. Health
Inform. 16 (2) (2008) 139-145.

A.J. Karisa, et al., Bending the cost curve in implementing electronic medical record
systems: lessons learnt from Kenya, IASTED African Conference on Health
Informatics (AfricaHI 2014) (2014).


http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0010
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0010
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0015
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0015
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0020
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0020
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0020
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0025
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0025
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0025
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0030
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0030
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0030
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0030
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0035
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0035
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0035
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0040
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0040
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0040
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0045
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0045
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0045
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0050
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0050
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0055
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0055
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0055
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0060
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0060
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0065
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0065
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0065
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0070
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0070
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0075
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0075
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0075
http://www.who.int/nmh/ncd-task-force/kenya-strategy-ncds-2015-2020.pdf
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0085
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0085
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0090
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0090
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0090
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0095
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0095
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0100
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0100
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0100
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0105
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0105
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0105
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0110
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0110
http://www.health.go.ke/wp-content/uploads/2019/01/HIS-POLICY-BRIEF-.pdf
http://www.health.go.ke/wp-content/uploads/2019/01/HIS-POLICY-BRIEF-.pdf
https://hiskenya.org/dhis-web-commons/security/login.action
https://hiskenya.org/dhis-web-commons/security/login.action
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0125
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0125
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0135
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0135
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0140
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0140
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0145
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0145
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0150
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0150
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0155
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0155
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0155
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0160
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0160
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0160
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0165
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0165
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0170
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0170
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0170
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0175
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0175
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0175
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0180
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0180
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0180
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0185
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0185
http://refhub.elsevier.com/S1386-5056(20)30140-4/sbref0185

	Improving the management of hypertension and diabetes: An implementation evaluation of an electronic medical record system in Nairobi County, Kenya
	Introduction
	Methods
	Study design
	Study setting
	Study population, sampling and sample size
	Data collection
	Qualitative data
	Quantitative data

	Data analysis
	Qualitative data
	Quantitative data

	Ethics consideration

	Results
	The use of the EMR
	Uptake and adaptability of EMR
	The acceptability and facilitators of the EMR system
	Barriers of the EMR system

	Design features, scalability and sustainability of the system

	Discussion
	Limitation of the study
	Conclusion
	Authors contribution
	Funding sources
	Declaration of Competing Interest
	Acknowledgement
	Supplementary data
	References




