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here has been considerable

concern regarding the rapidly

growing prevalence of diabetes,
particularly in resource-rich settings
as a result of the shift toward more
sedentary lifestyles that occurs with
calorie-rich diets (1). Although much
of the global attention to diabetes has
focused on resource-rich settings and
emerging markets, the diabetes ep-
idemic has also been expanding in
resource-constrained settings such
as sub-Saharan Africa (2). Estimates
from the International Diabetes
Federation suggest that the preva-
lence of diabetes is expected to in-
crease by 98% in sub-Saharan Africa
by 2030, in contrast to an expected
54% increase in the rest of the world
(3). Furthermore, there is an alarm-
ingly high mortality rate attributable
to diabetes in sub-Saharan Africa
compared with all other parts of the
world, with 76.4% of diabetes-related
deaths occurring in people <60 years
of age (4).

Despite these disturbing trends,
there has been little effort to address
this growing burden. Currently, most
funding for international health care
development focuses on communi-
cable diseases, especially HIV and
tuberculosis (5). However, the infra-
structure that has been established
to manage chronic infectious dis-
eases such as HIV can be adapted to
address many other chronic diseases,
including diabetes (6-8).

The Academic Model Providing
Access to Healthcare (AMPATH)
disease management program based

in western Kenya has provided com-
prehensive HIV care for >140,000
HIV-infected patients throughout
a catchment area of >3.5 million
people. AMPATH is a partner-
ship between Moi Teaching and
Referral Hospital (MTRH) and Moi
University College of Health Sciences
in Eldoret, Kenya, and a consortium
of North American universities led
by Indiana University (Indianapolis,
Ind.). Its goal is to deliver compre-
hensive health care at all levels of the
health care system, in partnership
with the Kenyan government (9,10).
AMPATH’s chronic disease manage-
ment (CDM) program was formed to
address the growing burden of dia-
betes in the Kenyan population (11).

Leveraging the many gains made
in managing HIV, AMPATH is using
its experience with communicable
diseases to address the challenges
posed by diabetes and other chronic
diseases. An estimated 4.56% of the
Kenyan population has diabetes (4).
In response to increasing diabetes
prevalence, AMPATH developed
a comprehensive diabetes care pro-
gram that provides community and
home-based screening, medication
and laboratory support at Kenyan
Ministry of Health facilities, and
referral services for patients suffering
from long-term diabetes complica-
tions. Through partnerships with
Abbott, the Abbott Fund, Eli Lilly and
Company, several North American
universities, and the Kenyan Ministry
of Health, AMPATH has expanded
to provide diabetes care for >5,000
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1. High-risk patients are identified by clinicians or
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6. A clinician reviews the patient’s SMBG
results and communicates new insulin
doses to patients.

through the database and subsequently enrolled in

the SMBG program by community workers.

2. Patients are sent home with a glucose
meter and cell phone access.

3. Patients receive weekly phone
calls from the program call center
to convey glucose results.

Central Electronic
Medical Record
Server
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4. SMBG results from phone call
encounters are scanned and
entered into the record system.

5. After SMBG results are
entered, glucose and insulin
dose summaries are
generated for clinician
review.

FIGURE 1. Steps in enrolling and following up with patients for the SMBG program.

patients in the 5 years since it first
began providing care for chronic dis-
eases other than HIV (6,12).

The introduction of AIC test-
ing to monitor glycemic control has
highlighted the poor state of diabetes
care in the region. Initial A1C data
from the first 641 tests performed at
the main center of MTRH over 1.5
years revealed a high frequency of ele-
vated A1C levels (mean 10.4%). This
trend was largely influenced by per-
sistently elevated A1C values among
patients requiring insulin; 63% of
AI1C values >14% and 61% of A1C
values between 10.1 and 14% were
for patients who were using insulin
(6). Most patients receiving diabe-
tes care within the public sector do
not have access to self-monitoring of
blood glucose (SMBG) supplies and
receive only a single point-of-care
(POC) glucose test on the day of
their clinic visit due to resource con-
straints. Although the initial focus
of our activities in western Kenya
was on increasing access to essential
laboratory supplies and medications
needed for the basic management of
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patients with diabetes, our experience
has revealed that the infrastruc-
ture necessary to remotely monitor
patients who require a higher level
of care also needed to be developed
to improve glucose control in these
patients. Separate investigations of
our chronic disease activities in west-
ern Kenya have revealed that only
42% of patients maintain continued
follow-up after seeking care within
the public sector. To improve reten-
tion of patients within the health
care system, we need to ensure that
patients have access to highly effective
services, either remotely or in person
during clinic visits (13). The low
retention in care and limited infra-
structure for diabetes care initially
found in our rural, western Kenyan
setting are consistent with findings
in other rural areas throughout sub-
Saharan Africa (3).

Although SMBG has consis-
tently been proven to be an effective
means of assessing glycemic control
in resource-rich settings for patients
at high risk of developing diabetes-

related complications, there has been

limited investigation of its feasibi
lity and usability within resource-
constrained settings (14,15). Many
challenges exist for rural patients with
diabetes in such locations, including
but not limited to, inadequate health,
care resources, lower literacy rates,
long distances from clinics, and lim-
ited access to diabetes services. The
feasibility of phone-based follow-up
for SMBG support has not been tested
previously, and this care modality has
been largely unavailable to date for
the majority of public sector patients
in sub-Saharan Africa (16).

To address some of these deficien-
cies in the management of patients
with diabetes, AMPATH’s CDM
program created a phone-based
SMBG program in partnership
with Abbott and the Abbott Fund
(Figure 1). This article describes the
implementation and evaluation of
the phone-based SMBG program
for patients with diabetes on insu-
lin therapy in two diabetes clinics in
western Kenya (14,16-18).

The feasibility and impact of this
program were determined by assess-
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ing the change in blood glucose and
A1C among eligible enrollees after
6 months of intensive phone-based
SMBG follow-up support. Secondary
analyses included an assessment of
potential predictors of response to
this modality of care and a descrip-
tive analysis of alterations in insulin
dosing and loss to follow-up within
the program.

Methods

This was a retrospective, observational
cohort study of patients at high risk
for diabetes complications in two
outpatient diabetes clinics in west-
ern Kenya. The study was conducted
within the central diabetes clinic at
MTRH and at the diabetes clinic at
Webuye District Hospital (WDH),
both in western Kenya. MTRH is
the primary referral hospital for all of
western Kenya; its diabetes call center
supports SMBG for patients receiv-
ing care at MTRH and at several rural
clinics. WDH, located ~75 km from
Eldoret, serves a predominantly rural
population and is the primary teach-
ing center for the Moi University
Family Medicine Department, whose
faculty and trainees typically staff the
diabetes clinics. This analysis includes
the initial cohort of patients receiving
this service at MTRH and WDH.

Patients included in this analysis
were enrolled between January 2008
and March 2010. Patients receiving
routine care within the specialty
diabetes clinics at MTRH or WDH
were eligible for inclusion in the
SMBG program. All patients enrolled
in the program for at least 6 months
were included in the analysis. Patients
who were enrolled in the program but
did not have any follow-up A1C mea-
surements were excluded.

To derive maximum benefit from
this program, patients who require
insulin and have a relatively higher
risk for diabetes-related complica-
tions were preferentially enrolled.
The majority of patients were enrolled
because of their markedly elevated
A1Cs (>12%). However, patients with
other high-risk characteristics such as
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severe skin and soft tissue infections,
repeated hospitalizations secondary
to hyperglycemia or hypoglycemia,
pregnancy, severe kidney disease,
extreme poverty or food insecurity,
or age <18 years were also eligible
for enrollment. Peer educators and
other staff members provided SMBG
education to patients who met the
predefined criteria.

All patients eligible for this service
were provided with a free Optium
Xceed glucose meter and free glu-
cose testing strips manufactured
and donated by Abbott Diabetes
Care (19). Patients were instructed
to perform at least two daily blood
glucose checks—a fasting blood glu-
cose test before breakfast and before
dinner prior to administering insulin
and eating. Patients were required to
record their blood glucose readings
in diabetes diaries and report their
results to the call center via verbal
phone calls on a weekly basis.

All calls originated from the cen-
tral call center, and the program bore
all associated costs. Patients had the
option of calling the center as well
and then receiving a call back to
avoid incurring charges on their own
phone lines. This phone-based sys-
tem was designed to minimize the
number of times patients had to be
physically present in the clinic and
incur transportation and encounter
costs. During each weekly phone call,
patients were asked to provide the
time and date of all glucose results,
the doses of all diabetes-related med-
ications, any changes in diet, and
any subjective symptoms of hypo- or
hyperglycemia or intercurrent illness.

A multidisciplinary team of local
volunteers, social workers, pharma-
cists, clinical officers, and physicians
was responsible for completing all the
steps shown in Figure 1. After col-
lating weekly patient results, trained
diabetes clinicians reviewed patient
charts and advised on the appropriate
dosage adjustments based on stan-
dardized protocols. Patients were then
called back with the recommended
dosage adjustments. In addition to

the weekly phone calls, patients were
required to bring in their glucose
meter at every return visit and when-
ever they required additional strips to
verify the self-reported glucose mea-
surements with those stored on the
meter. Based on patient progress and
glucose strip availability, clinicians
could also request more intensive
glucose monitoring, up to four times
per day.

Through a partnership with Eli
Lilly and Company, a second-line
insulin regimen became available
halfway through the program.
Patients not achieving adequate con-
trol with the first-line regimen of
premixed 70/30 insulin, typically
given before breakfast and dinner,
were able to switch to a combination
of intermediate-acting NPH insulin
and rapid-acting lispro insulin, typ-
ically given three times daily (NPH
+ lispro before breakfast, lispro with
lunch, and NPH + lispro before din-
ner) (20). Patients who no longer
required frequent adjustments to
their insulin doses were changed to
a less intensive monitoring regimen
involving SMBG three times per
week and phone calls once every 2
weeks or were given the option to
stop SMBG completely and return
their meters to the program.

During their routine in-person
clinic visits, patients had A1C tests
at 3- to 6-month intervals using
the POC DCA Analyzer (Siemens,
Erlangen, Germany) (21). Whenever
patients were registered to receive
general diabetes care, diabetes staff
and peer educators administered a
comprehensive initial assessment
form that captured a wide vari-
ety of demographic and personal
characteristics. These included age,
self-reported year of diabetes diag-
nosis, date of enrollment into SMBG
care if applicable, self-reported his-
tory of tuberculosis, availability
of caregiver assistance, assessment
of alcohol use via the AUDIT-C
(Alcohol Use Disorders Identification
Test alcohol consumption questions)
questionnaire (22), smoking history,

CLINICAL.DIABETESJOURNALS.ORG
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FIGURE 2. Changes in A1C and SMBG over the period of evaluable data.

assessment of food insecurity via the
Household Food Insecurity Access
Scale (23), and location of patients’
primary diabetes clinic.

All data were entered into a
database from which reports were
generated to facilitate weekly clinician
review. Data required for this analysis
were exported from the Access data-
base (Microsoft, Redmond, Wash.)
into the Stata Statistical Software
package (StataCorp, College Station,
Tex.). All data were verified by exam-
ination of the paper medical record
and corrected where appropriate
before performing the analysis.

Retention in the program was
tracked to identify all patients who
were lost to follow-up (LTFU).
Patients were classified as LTFU if
they could not be traced by phone or
in-person visit for >3 months.

The primary analysis was to
demonstrate the utility of this
approach based on the change in
the median A1C from baseline to 6
months after enrollment. Because of
the variability and unpredictability
of patient follow-up visits, the date
of the A1C was rounded up or down
to the closest 3-month interval for
the purpose of analysis. For statistical
analysis of the primary outcome, the
A1C closest to the 6-month period
and between 4 and 8 months after
enrollment was used. All patients
included in this investigation had
an evaluable result for the primary
outcome measure. For all other A1C
analyses, the A1C was recorded under
the closest 3-month period from the
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date of enrollment. The Wilcoxon
signed rank test was used to compare
baseline and 6-month AIC results
and a P value <0.05 was considered
statistically significant.

In addition to the primary out-
come, the trends in SMBG changes
from baseline were tracked and com-
pared using the one-sample, paired
Student’s ¢ test. SMBG results from
the first week, after testing supplies
were received but before phone calls
were initiated, were considered to be
the baseline results. For patients who
had prolonged enrollment beyond 6
months, SMBG results were analyzed
descriptively to assess trends in results
over an extended period of time and
compared to the original baseline
values to determine whether statisti-
cally significant differences in glucose
control persisted. To identify poten-
tial trends in subpopulations within
the program, univariate Wilcoxon
rank sum analyses were performed
to compare the percentage change in
A1C at 6 months for the demographic
and personal characteristics collected
during enrollment. Any characteris-
tic showing a P value <0.2 was then
introduced into an adjusted multivar-
iate linear regression model to provide
adjusted 95% confidence intervals
(Cls) for the percentage change in
A1C from baseline to 6 months.

Results

A total of 137 patients met the eli-
gibility criteria and were included in
the study. Two patients were exclud-
ed from the analysis because they did

PASTAKIA ET AL.

not have the required A1C test at 6
months.

Analysis of the primary outcome
across the full cohort (z = 137) found
a statistically significant 4-point dif-
ference (31.6% difference, P <0.01)
between the median baseline (13.3%)
and 6-month A1C results (9.3%). For
patients who were followed beyond
6 months, a statistically significant
decline (P <0.01) was maintained
compared to baseline at each subse-
quent 3-month period of evaluation.
Similarly, the SMBG program yielded
statistically significant declines at
each 3-month interval compared
to baseline (Figure 2 and Table 1).
Further analysis of individual blood
glucose readings revealed that 8.6%
of results were <70 mg/dL and there-
fore indicative of hypoglycemia (24).
All patients required adjustments
to their original insulin dose, with
patients requiring an average 16%
increase in the total daily dose of
premixed 70/30 insulin from baseline
to 6 months (median 41.3 and 48.0
units of insulin, respectively). With
the availability of NPH and lispro
insulin midway through the study,
13 patients (9.3%) required a switch
from the premixed insulin to separate
injections of rapid- and intermediate-
acting insulin, based on clinician
discretion.

Further analysis of the follow-up
of patients after 6 months revealed
that only 16 patients (15%) were
classified as LTFU. An additional
three patients died during the period
of evaluation, with one of the deaths
attributed to a diabetes-related cause.

In the secondary analysis of fac-
tors that might be associated with
response to this intervention, patients
diagnosed with diabetes before the
age of 25 years were statistically
significantly more likely to have a
lower percentage change in A1C
after 6 months than the rest of the
population, in both unadjusted and
adjusted analyses (Table 2). A trend
toward worse control among pediat-
ric patients <15 years of age was also
seen, but this was not statistically sig-
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limited options for lower glycemic—
index foods.

To address these challenges, we
have recruited pediatricians with
expertise in managing diabetes to
begin testing different strategies,
including carbohydrate counting
and insulin self-administration for
children not demonstrating adequate
improvements in blood glucose con-
trol. Subsequent analyses will assess
the change in glycemic control seen
through the introduction of these
strategies for pediatric patients and
all patients with type 1 diabetes.

Patients who were enrolled in
care for <5 years also demonstrated
statistically significantly less A1C
improvement (P <0.05). For patients
who had been receiving care for
an extended period of time before
the introduction of this novel care
strategy, it is thought that they had
struggled to control their glucose for
many years and were beginning to
face diabetes-related complications.
Because of their first-hand knowledge
of the consequences of prolonged
hyperglycemia, it is hypothesized that
these patients were more motivated
to take advantage of this intensive
glucose monitoring and phone-based
follow-up program.

The analysis comparing patients
from rural and more urban clinics
highlights the feasibility of this inter-
vention in a variety of settings, as rural
patients were found to have statistically
significantly greater improvements
(P <0.01) in blood glucose control
than the population receiving care in
the more urban clinic.

Limitations

The retrospective, observational de-
sign of this study is a major limitation
in that the findings are less conclu-
sive than what might be observed in
a double-blind, randomized, control
trial. Because of the study design and
the selection of patients with elevated
glucose levels, it is also possible that
some of the observed changes in glu-
cose control might be a result of re-
gression to the mean (27). However,
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there is growing support for the use
of observational studies in LMICs to
provide an initial assessment of the
feasibility of various interventions.
This study has helped to demonstrate
the potential reductions in blood
glucose that can be attained through
an organized approach combining
SMBG, phone-based follow-up for
insulin adjustment, and an informa-
tion system to record and track results
(28).

Another limitation of this study
is that participants who did not have
a 6-month A1C were excluded from
analysis in a per-protocol manner
rather than the more desirable inten-
tion-to-treat design. This limitation
could impair the ability to gauge
the tolerability of this intervention
because patients who did not meet
the criteria were not included in the
analysis. However, evaluation of
enrollment revealed that only two
patients were excluded during the
first 6-month follow-up period.

This study used POC testing for
all reported laboratory measurements.
However, the limited data and expe-
rience with the use of such devices
in sub-Saharan African populations
raise concern over the potential for
inaccuracy, as noted in previous stud-
ies in African populations (29,30).
The higher rates of anemia and hemo-
globin variants among sub-Saharan
African populations could further
confound results from POC devices
(31). In an attempt to mitigate the
risk of inaccurate measurements from
these devices, we used one of the best
performing POC AIC testing devices
available on the market (32).

The 4-point reduction in median
A1C between baseline and 6 months
found in this study helps to demon-
strate that this care strategy is feasible
and effective in resource-constrained
settings when adequate infrastructure
is established to assist enrollees. Since
the evaluation of this initial popula-
tion, we have focused our efforts on
expanding the service to additional
high-risk patients. To improve sus-
tainability, a cost-sharing structure

has been initiated, through which
patients pay a monthly user fee for
continued inclusion after the initial
6 months, and other patients who do
not meet the high-risk criteria can
pay a monthly fee for inclusion in
the program. By the end of 2014, the
program had grown to include >750
patients through the combined cor-
porate support and patient user fees.

With the unacceptably high
mortality rate from diabetes in
sub-Saharan Africa, replicable and
scalable interventions such as the
one described here must be urgently
adopted throughout the region to
prevent early diabetes-related com-
plications and deaths.
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