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Abstract

Background: Diabetes is a growing worldwide disease with serious
consequences to health and with a high financial burden. Ghana is one of
the developing African countries where the prevalence of diabetes is
increasing. Moreover, many cases remain undiagnosed, when along with
pre-diabetic cases they can be easily detected.

The main objective of this study is to propose a novel method to increase
diabetes and pre-diabetes early detection in rural areas. A secondary aim is
to look for new related behavioral determinants specific to rural Ghana, by
comparing subjects at risk with those already diagnosed as diabetic.
Methods: The detection approach was based on tests performed
pro-actively by community nurses using glucometers and mobile phone
apps. As a pilot for future policies, glycemic tests were carried out on 101
subjects from rural communities in Ghana deemed at risk and unaware of
their diabetic/pre-diabetic status. A comparison of dietary and lifestyle
habits of the screened people was conducted in regards to a cohort of 103
diabetic patients from the same rural communities. Participants for both
groups were found through snow-ball sampling.

Results: The pilot screening detected 2 diabetic subjects (2% of the
cohort) showing WHO diabetic glycemic values, and 20 pre-diabetic
subjects (19.8% of the cohort) which showed the effectiveness of the
user-friendly approach.

Conclusions: Policies based on prevention screening as reported in the
manuscript have the potential to reduce diabetes incidence, if actions are
taken while patients are pre-diabetic, reduce complication related to late
diagnosis and indirectly related health-care costs in the country. The need
for further campaigns on alcohol consumption and physical activity has
emerged, even in rural areas.
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;57553 Amendments from Version 1

Following the comments of the reviewers, we have rephrased the
term “screening” with detection and addressed issues related to
speculation about pre-diabetes diagnosis

Any further responses from the reviewers can be found at the
end of the article

List of abbreviations
IDF International Diabetes Federation

WHO World Health Organization

CHPS Community-based health planning and services
BMI body mass index

CDP confirmed diabetic participants

USP unknown diabetic status participant

NCD non communicable disease

Introduction

Diabetes is one of the fastest growing non-communicable
killer diseases in the world, claiming one life every eight
seconds and a limb every 30 seconds'. Diabetes of all types can
lead to complication in many parts of the body and can increase
the overall risk of dying prematurely’”. Pre-diabetes condi-
tion occurs when blood sugar levels are higher than normal, but
are not high enough to be classified as diabetes; this often has no
symptoms, and is reversible’.

According to the latest 2016 data from the World Health Organi-
zation (WHO), amongst adults living with diabetes melilites,
80% live in low and middle-income countries such as those in
the Asia and Eastern Pacific region. The largest number has
been reported in China (90 million people®), followed by India
(61.3 million people) and Bangladesh (8.4 million people)’.
Complications of diabetes results in increased morbidity, dis-
ability, and mortality and have a high economic cost, espe-
cially in developing countries®. More specifically, the reported
prevalence of type 2 diabetes ranges from 1% in rural Uganda
to 12% in urban Kenya. While gestational diabetes has been
reported in Sub-Saharan countries at varying levels (e.g. from 0%
in Tanzania to 9% in Ethiopia’). Lastly, even considering those
values an underestimate, it is expected that the reported cases
will reach 82 million by the 2030'".

Ghana is challenged with the increasing prevalence of diabetes,
similar to other African countries, with a prevalence of 3.6%
in adults and 518,000 diagnosed cases within the country''.
More specifically, The prevalence of diabetes in some parts
of Ghana has been found to be higher than the world average
of 6.4%'-"°. Moreover, the 2015 report of the IDF indicated
many other cases probably remain undiagnosed, posing an
increased danger of complications for people living with diabetes
unaware of the consequences. Previous studies in the coun-
try showed that low level of physical activity and obesity were
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associated with increased risk of diabetes’. Additionally, old age
and level of education were also associated with increased risk
of diabetes’. It has also been observed that within Ghana
sugary drinks consumption is linked to type 2 diabetes'.
Community-based health planning and services (CHPS) is a
national health program in Ghana adopted in 1999 to reduce
geographical barriers to health care access”. According to
the CHPS policy, relocating nurses directly to communities
could outperform an entire sub-district health center. The cost-
effectiveness of CHPS for malaria, diarrhea, and pneumonia
has been recently reported'®. However, specific interventions
for non-communicable diseases such as diabetes have not
yet been investigated within the CHPS policy.

Vulnerable populations such as those in low- and middle-
income countries are generally more affected by diabetes related
complications'’. As in several fields of healthcare, mobile health
(mHealth) has the potential of reducing for vulnerable populations
with diabetes'®. This can occur either by sending reminders
or by increasing access to patient management'’. Despite the
plethora of studies on mHealth and diabetes management'*~
no study has been carried out in rural Africa with the aim of
improving detection of diabetes and pre-diabetes by using
mobile technologies and community nurses.

1
s

This study proposes a novel approach based on community
nurses using glucometers and mobile phones, performing tests
on undiagnosed and diagnosed subjects proactively within
the community without waiting for participants to present at
the clinic. The main objective is to develop a novel method to
increase diabetes and pre-diabetes detection, additionally we
aim at finding new behavioral determinants related to those con-
ditions. In particular, the purpose of the mobile app is to sim-
plify the tracking operations of the nurses and to collate the data
into a centralized secure server. For this purpose, a pilot project
was carried out in rural communities of the Central Region of
Ghana to assess the feasibility of the approach. A secondary
objective was to look for new behavioral determinants related to
the rural Ghanaian populations by carrying out a comparison
with a group of subjects diagnosed with diabetes from the same
communities. Similar to a project carried out in the same area
about improving prenatal care’, the project utilized community
nurses instead of the participants to assure reliable glucose level
data collection.

Methods

Study design and sample selection

We performed a community-based cross-sectional study using
mixed methods of quantitative and qualitative analysis.

Data were collected by community nurses by using a mobile
phone application and sent to a secure database. The inclusion
criteria for the participants were that they were members of
the study communities, the exclusion criteria included being
<18 years and having a prior diagnosis of diabetes of any type. A
proportional comparison group with diabetes was also recruited,
with the aim of possibly finding common dietary habits with
the screened subjects found to be diabetic/pre-diabetics in both
groups. The inclusion criteria for the comparison group were

Page 3 of 19



having a prior diagnosis of type 2 diabetes, being part of the rural
communities sampled, and being older than 18 years. To avoid
unnecessary overtime for the nurses, we excluded children and
young adults under the age of 18 years; we acknowledge this
as limitation for our study. Community nurses from rural clinics
were instructed to visit proactively rural communities, perform-
ing glucose screening at fasting when possible, or alternatively
at random regime, to subjects known to have diabetes, to subjects
deemed at risk or subjects willing to be tested. A total number
of 204 people were tested in a window period of 6 months (from
June to December 2017). This sample size was reached follow-
ing the minimum sample size for the study, given as two popula-
tions of n=86 subjects. This minimum sample size was computed
by using the GPower software (http://gpower.hhu.de/) for
an a-priori two-tail t-test with alpha = 0.05, effect size 0.5 and
power 0.90. The quantified sample size also represents an accept-
able number according to the logistics of the nurses (e.g. 15
people per month). Namely, the proposed screening can be per-
formed by the nurses in addition to their normal activities without
representing an overtime or compromising the other activities
they are already carrying out. As 1 community nurse per com-
munity was used, in this pilot 2 nurses were employed. All
subjects were found through snow-ball sampling.

Definitions

Subjects were assessed as ‘“non-diabetic” according to their
diabetes status awareness, obtained by the following question:
“Has a doctor or another health professional ever diagnosed you
have diabetes?”” Further variables analyzed were: family history
(family member diagnosed with diabetes); pregnancy; history
of hypertension; screened glucose level; lifestyle characteristics
(going to sleep within 1 hour after dinner and level of physical
activities); body mass index (BMI), and diet (consumption per
typical week of dishes based on staple or maize/corn, root

# » PERSON WITH DIABETES # » PERSON WITH DIABETES

< <

Type the result of the glucotest if in
mg/dL? Type 0 if you used another
measure

Ever diagnosed with hyper-tension?
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and tuber-potatoes/cassava, and alcohol). Those variables are
further described in the following sections as whether they
were assessed by the nurses or self-reported.

Data source

The research was conducted in the central region of Ghana, spe-
cifically within the Biriwa and Anomabo communities. These
two communities are in the Mfantsiman Municipal District and
based on the 2010 census, the two towns have a population of
about 7,500 and 14,389 respectively. Those communities have
been chosen due to them being relatively close to a main road
connecting urban centers. The assumption is that the members
of those communities are more prone to adopt unhealthy habits
(such as smoking and drinking) which are more common in
urban centers. These communities are also used to interacting
with community nurses and there is a general level of trust. How-
ever, people still show restraint from several types of tests due
to the additional costs not covered by basic health insurance.

The community nurses collecting the data were equipped with
glucometers and low-cost Android smart phones. They received a
short (less than one day) training on the app and were supported
on its use during the first week of the project. Data were stored
through the mobile phone app and sent to a server to improve
management and facilitate eventual longitudinal screening. The
developed app was based on the CommcareHQ framework, and
comprised a series of guided questions that the nurses com-
pleted in addition to the glucose test (questions used are availa-
ble as Extended data™). Those guided questions are an extension
of existing standardized  questionnaires as the FINDRISK
test”. Some screen-shots of those questions are depicted in
Figure 1. If network was not available at the point of data collec-
tion, information could be sent later when the network was avail-
able. CommcareHQ is a popular mobile data collection, and it

# > PERSON WITH DIABETES # > PERSON WITH DIABETES
< <

How often in a week do you drink
alcohol? E.g. one beer.

How many times per week you eat
dishes with other staple food
(maize{corn). millet, sorghum)?

@ Number

Figure 1. Screen-shots showing some of the guided questions the community nurse were completing while performing the glucose
tests. The questions related to diet were based on general consumption for a typical week and not the week at point of sampling.
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has been used in several projects. For a review on projects using
the CommcareHQ platform, the reader is addressed to 25.

Figure 2 shows the typical two steps of the screening, first a nurse
is performing a glucose test (on the left), and then the data
are recorded through the app (on the right). Collected data
from respondents were from the rural communities, both male
and female, including pregnant women with the intent of
capturing eventual gestational diabetes case’®. The sampling of
candidates at risk was based on physical factors and at the
nurse’s discretion. During regular visits to the rural communities
the nurses assessed whether the person to be tested was a
potential diabetic candidate and therefore deemed to be tested
(e.g. appearing overweight), paying particular attention to
pregnant women. By doing this we have introduced a piloted
bias (as overweight people, pregnant women and other cases
were deemed at risk by the nurses). Therefore, with those
biases, the resulting statistics is not representative of a random
screening of the national population.

Nevertheless, our focus is not to estimate total incidence of
undetected diabetes or pre-diabetes, but to propose an approach
that can detect as many as possible cases which otherwise
would go unnoticed.

However, to avoid a strong bias individual deemed healthy
that were willing to be tested were included. Any detected dia-
betic or pre-diabetic cases were immediately informed, and life-
style changes or pharmaceutical therapies discussed. Data were
collected on known diabetic patients as well, to evaluate the
differences or similarities in lifestyle among the various groups.

With the mobile phone app, the community nurses could also
keep track of longitudinal changes or whether a subject has been
already tested, in a similar manner of a project conducted in the
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same area about boosting prenatal care’’. Subjects who came into
contact with community nurses were asked the last time they had
a meal and based on the response blood glucose measurements
were classed as either fasting blood sugar levels or random
blood sugar levels. Furthermore, the following information were
recorded from the subject a) Anthropometric indices (weight,
height, BMI) measured by the nurses b) Demographic Infor-
mation (sex, age) self-reported c) Blood glucose measurement
(fasting or random sugar test) measured by the nurses
d) Information on risk factors (pregnancy, family history of
diabetes, history of hypertension, kidney disorder, alcoholism,
low levels of exercise and unhealthy eating habits) self-
reported. OneTouch Ultra (Milpitas, CA, USA) and Accu-Check
(Hoffmann-La Roche SA, Basel, Switzerland) strips and
glucometers were used to measure the blood glucose level.
According to the WHO classification”’, a fasting blood glucose
level greater 110 mg/dL but less than 126 mg/dL was considered
pre-diabetic. A fasting blood sugar level 126 mg/dL or above
was considered diabetic. A random blood sugar level greater
140 mg/dL but less 200 mg/dL was considered pre-diabetic.
Above 200mg/dL was considered diabetic. Family history of
diabetes is referred to occurrence of diabetes in close rela-
tives defined as either father, mother, siblings or offspring.
Most of the data were assessed by the nurse though some were
self-reported by the subjects and this might represent a limita-
tion. The data entered through the developed Android app were
stored in a secure server provided by Dimagi. Data were entered in
the forms of the mobile app and transmitted, encrypted, to the
cloud-based server, where they were accessed and downloaded
via a password-protected web interface.

Data analysis

The main aim of the study was to determine if it is possible to
easily detect diabetic and pre-diabetic subjects through commu-
nity nurses already involved and active within the CHPS policy.

Figure 2. A typical two steps screening, first a nurse is performing a glucose test (on the left), and then the data are recorded through

the app (on the right).
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Additionally, dietary habits and demographic information were
collected by the community nurses along with glucose level to
explore novel determinants related to the disease, which have
not been reported in literature so far.

Quantitative approach

The data entered through the mobile phone app were down-
loaded and analyzed by R computing software version 3.5.2.
Quality check on the data was performed and forms deemed
clearly erroneous were removed. Statistically significant relation-
ships among the collected information were sought comparing
the population at risk and the population with assessed diabetes
by using a two-tail t-test, and the related p-value less or equal
to 0.05 was considered to indicate a significant value.

Qualitative approach

The study also took advantage of the detectionprocess to collect
further insights through qualitative methods. Hence, the quan-
titative information was complemented with qualitative data
obtained through semi-structured interviews performed by the
authors with the community nurses to identify further relevant
elements at the end of the pilot project. After revision of notes,
the transcripts were typed and coded by using NVivo 10 (QSR
International, Melbourne, Australia). The interviews were thus
analyzed by using qualitative conventional content analysis. The
starting open questions were “what are your general comments
about the projects?”, “Which shortcomings did you notice?”,
“What are your suggestions?”.

Results

The diabetes screening saw over 204 inhabitants in Anomabo
and Biriwa over a period of 6 months. Of those, 103 were pre-
viously confirmed diabetic participant (CDP) with an average
age of 62.9 £11.2 years, and 101 people, with an average age of
30 +9.7 years, with unknown diabetic status participant (USP).
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Originally 211 forms were completed, however, 7 of them were
deemed erroneous during the quality check and therefore were
removed before the analysis. For each person data were
collected only once. The CDP cohort comprised 66 female and
37 male subjects, while the USP cohort comprised 95 female
and 6 male subjects (see Underlying data*’). Details of the main
demographic characteristics revealed for the two groups are
reported in Table 1 while the breakdown of the study variables is
distributed in the other tables. Community nurses see on average
20 patients per day 5 times a week. Their duties mainly encom-
pass malaria, diarrhea, and pneumonia treatments which are
generally perceived as more urgent. During the pilot, the total
number of people approached for the diabetes screening was
240 with a participation rate of 88%. The 12% of who refused
the screening reported as the main motivation the unwillingness
to sign the written consent for the study.

Two-sample t-test performed comparing the BMIs was sta-
tistically significant (P value <0.05) although they were both
normoweight. Some subjects of the CDP cohort also presented
with co-occurrence of ulcers (n=4), asthma (n=1), arthritis or
rheumatism (n=3), and kidney disease (n=1). At time of testing
participants in the USP cohort presented with co-occurrence of
asthma (n=4), arthritis and rheumatism (n=1), and typhoid fever
(n=1). The subject presenting typhoid fever showed a random
glucose blood level of 132 mg/dL which could not be
considered neither diabetic nor pre-diabetic. Therefore, typhoid
fever was not considered a confounding factor as the tested
participant did not show a high value due to this. These results
are summarized in Table 2.

Cases detection

During the proactive screening performed by the community
nurses, two subjects (1 female, not pregnant, with hypertension,
35.4 BMI; 1 male, 25.7 BMI) were found to be hyperglycemic

Table 1. Summary of the main demographic characteristics.

Characteristic Absolute number

Total participants 204 (100%) 103 (50.5%)
Sex

Male 38 (20%) 32 (16%)
Female 161 (80%) 66 (33%)
Age

Average 46.5 62.9
Age group 18-30 74 (36%) 4 (2%)
Age group 31-49 31 (16%) 5 (3%)
Age group 50 and beyond 99 (48%) 94 (45%)
Geographical area of

residency

Anomabo 148 (72.5%) 71 (35%)
Biriwa 56 (27.5%) 32 (16%)

confirmed diabetic participants
(weighted proportion) confirmed diabetic (CDP) (weighted
proportion)

Unknown diabetic status participant
(USP) (weighted proportion)

101 (49.5%)

6 (4%)
95 (47%)

30
70 (34%)
26 (13%)
5 (3%)

77 (37.5%)
24 (11.5%)
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at fasting which would diagnose them as diabetic according to
the current WHO threshold”’. These subjects were not aware
of their condition despite close relatives with diagnosed
diabetes (son in one case and siblings in the other). They did not
present any further symptoms, and they were not habitual
consumers of alcohol or red meat. However, their diet was based
on dishes with large amounts of maize corn, cassava and rice.

In total, 20 pre-diabetic cases were identified according to
the WHO threshold, four tested at fasting and 16 at random
(19 female; 1 male). No hypertension or other symptoms were
identified, and 5 of had relatives with diabetes (mother or father).
Half of the detected subjects reported consuming red meat
almost daily, and all claimed to avoid alcohol consumption.
They also reported frequently consuming dishes comprising of
maize corn, cassava and rice, averaging respectively 8.5, 8.5 and
3.5 times per week.

All subjects of both groups claimed they were used to perform-
ing physical activities due to their daily job. No statistical
difference (p-value >0.05) across the two cohorts was detected
regarding weekly consumption of red meat, maize corn, cassava
or rice. The mean consumption of alcohol across the two
populations was also not significantly different (p-value >0.05),
however, in the CDP cohort 14 subjects declared to consume
typically at least 1 alcoholic beverage per week (plus 10 claimed
to be former alcohol drinkers before their diagnosis and then
changed this behavior) while in the USP cohort only 6 partici-
pants indicated they consumed at least 1 alcoholic beverage per
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week. Furthermore, in the CDP cohort 3 subjects claimed to have
reduced the consumption of cassava based products, and another
2 for red meat. 88 subjects reported to have drastically reduced
the consumption of sugar, salt or both but not to have altered
their diet. No case of gestational diabetes was detected. Table 3
reports the mean and standard deviation of the blood glucose
level for both cohorts, distinguishing whether tests were
fasting or random. Summarizing qualitatively, no specific novel
determinant was found.

Qualitative comments from the nurses

The two nurses who performed the screening in the rural areas
were asked to give their qualitative opinion at the end of the
6 months pilot. The following are the main extracts of those
interviews.

- Enrolled community nurse, Anomabo Health Centre, Anomabo:

“There should be continuous education of the masses on diabetes
to create awareness. There should also be financial support
from governments, and non-governmental organizations to aid
routine check up of known diabetes patients, this will encour-
age them to always take their medication as regular checking
of blood glucose level for free help them to know the progress
with their condition.”

“Medication as insulin is covered by national insurance but
not the needles for the screening, and this can make people
refrain from screening.”

- Enrolled community nurse, Boabab Health Clinic, Biriwa:

Table 2. Summary of study variables related to BMI and health conditions. demographic characteristics
for the cohort. BMI is reported as means and standard deviations, (co-) occurrence of hypertension or close
relative with diabetes, while diseases are reported in absolute values.

Study variables Absolute numbers
BMI 25.4+4.9
Hypertension 65 (32%)
Ulcers 0
Close relatives with diabetes 105 (51.5%)
Asthma 5 (3%)
arthritis or rheumatism 4 (2.5%)
kidney disease 1(0.5%)
Typhoid fever 0

confirmed diabetic Unknown diabetic status

participants (CDP) n=103 participant (USP) n=101

24.2+5.1 26.7+4.6

63 (30.8%) 2 (1.2%)
0 0

72 (34.5%) 33 (17%)

1(0.5%) 4(2.5%)

3 (2%) 1(0.5%)
1(0.5%) 0

0 1(0.5%)

Table 3. Mean glucose levels with standard deviation for the two groups and the types of

screening and the related p-value.

Cohort/Glucose level confirmed diabetic participants Unknown diabetic status p-value

(CDP) n=103
Fasting 160.6 + 71.6
Random 173.9 + 65.4

participant (USP) n=101
103.1 + 181
123.3 + 20.6

<0.001
0.002
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“Most patients were willing to be tested and ready to give any
information on their personal lifestyle, diet and medication.
There is a general trust in tests performed by clinical personnel
regardless on cultural beliefs and on the fact that we are a
small clinic.”

“Particularly, female clients above the age of forty were pleased
to participate in the screening exercise.”

“Furthermore, some clients were not able to provide precise
information about their diet and family history.”

“Screened people reported performing some kind of sport
activity related to their job, believing it was sufficient to keep them
healthy.”

Discussions

Ghana is challenged with the increasing prevalence of diabetes,
which is similar to that of other African countries. The increase
in diabetes in Ghana—along with other non-communicable dis-
eases (NCD) like stroke—is part of an epidemiologic transition.
Increase of socioeconomic status seems linked to increase of NCDs
incidence. However, recent surveys have shown that employment
and education play a role in this context, suggesting that rural
communities which are in proximity to urban centers are prone
to increased unhealthy habits leading to NCDs, and are more
vulnerable than urban centers™.

Mobile phone apps and pro-active screening can help com-
munity nurses to spot new cases of diabetes and pre-diabetes.
In particular, the proposed approach was based on pro-actively
performing blood screening during rural visits of the community
nurses, who were collecting information via the mobile phone
app. This can also help tracking and monitoring, as the nurses
can follow up the status of the participants during future visits.

Our findings indicate that some individuals in vulnerable popu-
lations, such as those in rural Ghana, are not aware of becoming
diabetic or being in diabetic condition. We report two cases
of diabetic participants in the USP cohort (2%) and 20 as pre-
diabetic (19.8%), which we consider to be high when compared
to previously reported statistics”. However, it must be taken
into account that the cohort selection was not purely random,
and piloted bias was introduced as the subjects to be tested were
chosen according to the nurse’s discretion. Therefore, these
percentages should not be taken as a representative sample of
the national population. The proposed approach aims instead at
detecting as many cases as possible of diabetics and pre-
diabetics which otherwise would go unnoticed. For this purpose it
proved to be successful, inexpensive and easily integrated into the
standard duties of community nurses.

Initially the nurses were equipped with ihealth glucometer
dongles for the smartphone (ihealth, Mountain View, CA, USA).
The anecdotal comments from nurses were that. despite the
initial interest, they were not practical to collect data, though
they might be suitable for a single individual. The reason can
be related to the familiarity of the nurses to known tools such as
Accu-Check and OneTouch, or the cumbersome use of switch-
ing continuously between the mobile app of the glucometer
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dongle and the app to record the data. The use of a mobile app
can allow for large institutions to easily monitor diabetes in
rural areas through the collected data held in a secure central-
ized server. Moreover, mobile apps appear more user friendly
for the nurse in comparison to cumbersome paperwork.

During the qualitative interviews, one nurse pointed out that
despite the marginal costs of glucose tests both patients and
government are not promoting them, while it could be cost-
effective for Ghanaian institutions to detect pre-diabetic cases
instead of dealing with a growing diabetic population, as has been
shown for similar vulnerable populations®. Emphasis on pre-
diabetes has been recently criticized in US and Europe due to the
related possible speculations®. As indeed, there is currently the
possibility for pharmaceutical companies of seeing an opportu-
nity and funding research on pre-diabetes and promoting unnec-
essary demands. Nevertheless, healthy eating and regular physical
activity have been shown to delay or prevent progression to
diabetes™ and this will be particularly helpful in low and mid-
dle income countries. Indeed, in the specific case of Ghana, it
will not be beneficial to promote medications addressing pre-
diabetes. What was gathered from the qualitative investigation is
the need of further investigations related to the necessary physi-
cal activity to maintain an healthy lifestyle and prevent diabetes,
which would be inexpensive, but requires social campaigns.

Despite the progresses made in Ghana to achieve universal health
access and coverage, financial barriers to diabetes service uti-
lization still exist. Subjects usually do not undergo glucose tests
due to financial constraints, as the test is not covered under most
standard medical insurance policies, as is the case in Nigeria and
Tanzania”. One nurse mentioned that subjects were often not
able to report their dietary habits and were unaware of the effects
of their diet on their health. Conversely to prenatal care™, it
appears that generally the members of the communities trust the
personnel of the clinics for this type of tests.

At population level the CDP and USP cohort were normoweight
(having a BMI between 18.5 and 24,99), though there were
subjects which were obese and with hypertension in both groups.
It is worthwhile to mention that the CDP subjects might have
some dietary changes already after being informed of being
diabetic, which could have affected their weight and other meas-
urements. However, from the interviews it seems that the major
changes were the reduction of consumption of salt and sugar,
some increased their consumption of vegetables and fruit, and
some reducing the consumption of alcohol beverages. The
study did not track behavioral changes, but we can presume that
these may have occurred and can represent confounding factor.
No statistically significant difference in alcohol consumption
between the two groups was detected. However, this could
be due to the fact that some individuals in the CDP cohort
changed their dietary habits (10 people reported to have cut out
alcohol consumption after their diagnosis). Moreover, the nurses
were instructed to focus for both groups on women which might
consume fewer alcoholic beverages than men. Nevertheless, the
general impression of the nurses was that the alcohol consumption
had an impact. With the increase in quality of life in the coun-
try, western habits such as alcohol consumption might be also
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increasing, and therefore augmenting the risk of diabetes. It
has been noticed that people informed of their condition tend
to change their dietary habits. Nevertheless, given the country-
wide growing trend in alcohol consumption, social marketing
campaign related to this* should be considered.

Almost all subjects of both groups reported to perform regular
physical activities related to their job. However, this information
seems vague and it is not clear whether this physical activity is
aerobic or resistance or whether it is sufficient to keep a healthy
glucose level. Most likely further activities should be proposed.
Jogging and other sport activities are inexpensive and easy to
promote. Therefore, promoting this type of sport activities can
address this issue. Moreover, it appears necessary in the future
to use more detailed investigations about sport activities, such as
using the WHO global physical activity questionnaire™.

Ghana has experienced an exponential increase of the mobile
network, social media and smartphones in the recent years’.
Beyond the screening of the population carried out by nurses,
smartphones can have an impact on glycemic control, as
smartphone dongles can be inexpensive and attractive to
young users. Strategies such as gamification, and social media
should be explored to increase awareness on glycemic levels as
shown in other contexts*.

Among the limitations of the study, there is the small sample
size and the heterogeneity of the used samples. These were
mainly dictated by the funding of the study and it is suggested
that the study is repeated with larger sample sizes. Moreover, we
focused on early detection and dietary habits, and their relation to
cardiovascular diseases has been only investigated through the
assessment of past medial history of hypertension.

Conclusions

Proactive glycemic screening on vulnerable population — such
as those living in rural areas — can be effective in detecting new
cases of diabetes and pre-diabetes. Our approach using com-
munity nurses screening subjects deemed at risk and collecting
data on mobile phone was found to be effective, and suitable
for longitudinal studies. Campaigns increasing awareness of
alcohol consumption, physical activity, nutrition and healthy
habits should be emphasized in any prevention strategy as the
population seems to still be unaware of the consequences.

Despite this, studies with larger population are required to
confirm the results. The diabetes and pre-diabetes screening
described in this manuscript can be easily included into the
national CHPS policy with several potential benefits. Those
benefits include reducing incidence by detecting cases of pre-
diabetes which hopefully will not convert into type-2 diabetes
and enabling timely treatment of diabetes patients avoiding
complications related to delays in treatment.
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ticipants were in accordance with the ethical standards of the
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From a historical point it is of interest, that this publication is submitted from authors from Ghana. That is
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drastic change of public health problems over time, due to the ‘epidemiological transition’.

The manuscript is also remarkable, in that it shows how possibly a community approach, might help to

control diabetes mellitus. This is within the spirit of ‘primary health care’, applied to a non-communicable

disease.

®  The authors report how community health nurses, equipped with inexpensive, appropriate

technical innovations, measure capillary blood glucose, assess the BMI, blood pressure and
collect information about additional diseases. For the study qualitative and quantitative research
methods were applied. The authors repeatedly point out, that one of the major intentions of the
project was to study the possibility and feasibility of using community health nurses for working
against diabetes mellitus. The paper, with major improvements, will be acceptable as far as solely
the qualitative approach is followed in trying to meet the objective. From the point of view of
epidemiology however, the quantitative approach is inadequate. To use the term ‘screening’ is
seriously misleading (please see page 257 and 259 of Porta, 2014"). To ‘introduce a piloted bias’
is an innovative euphemism by the authors and it seems, that they have their own doubts about a
meaningful quantitative assessment based on groups of participants being too small and too
heterogeneous.

®  The authors might consider to change the now misleading title, to one which hints towards the
objective of the publication more clearly.

® The last paragraph of the introduction should be revised and should mention the aims of
conducting some sort of quality study.
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® The methods and results sections might be combined. More inside information about the
communities would be of benefit. Briefly mentioning the assumed knowledge of the participants
about diabetes and the attitude towards the disease could help to estimate the usefulness of
intervention. A short explanation how the community health worker fit into the overall health care
for communities at the periphery of the overall health care system would be worthwhile as well. The
section could be structured along the methods applied and for each method the usefulness, the
acceptance of the participants within the communities, and the experience of the field worker could
be described.

® |n the discussion the overall experience gained of the project should be summarized in view of how
an attempt to control diabetes mellitus in the communities in screening for new cases and caring
for diseased patients would be helpful for further investigations and will be informative for local as
well as national health workers and administrators. Additional points of interest would be to briefly
mention the general dietary intake of the population and how this relates to overweight and
diabetes. Last but not least, the question might be addressed on whether cut-off points for ‘normal’
and ‘not-normal’ glucose levels, as suggested internationally, are meaningful for Ghana, and what
is the reaction of the authors to the recent suggestion to disregard ‘prediabetes’ as a diagnosis
(see Piller, 20192).
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We have listed here our answers starting with an «(A)».
®  The paper, with major improvements, will be acceptable as far as solely the qualitative
approach is followed in trying to meet the objective. From the point of view of epidemiology
however, the quantitative approach is inadequate. To use the term ‘screening’ is seriously
misleading (please see page 257 and 259 of Porta, 2014"). (A) We agree with the reviewer
that given our context and sample size the term «detection» could be more suitable.
®  To ‘introduce a piloted bias’ is an innovative euphemism by the authors and it seems, that
they have their own doubts about a meaningful quantitative assessment based on groups of
participants being too small and too heterogeneous. (A) The authors are sure about the
approach considering the goal of increasing early detection and we trust that «our
introduced piloted bias» for the purpose is sensible. However, we are perfectly aware that
due to funding we are using a small sample size; this is reported more strongly in the
limitation of the study.
®  The last paragraph of the introduction should be revised and should mention the aims of
conducting some sort of quality study. (A) We agree with the reviewer, and we have
softened the part regarding «novel determinants» which is not the main aim of the study.
®  The methods and results sections might be combined. More inside information about the
communities would be of benefit. Briefly mentioning the assumed knowledge of the
participants about diabetes and the attitude towards the disease could help to estimate the
usefulness of intervention. A short explanation how the community health worker fit into the
overall health care for communities at the periphery of the overall health care system would
be worthwhile as well. The section could be structured along the methods applied and for
each method the usefulness, the acceptance of the participants within the communities, and
the experience of the field worker could be described. (A) The idea of merging methods and
results could be unproductive, and actually against the comments of the other reviewer
which is asking even more structure. The additional information might be useful and we
acknowledge that maybe we considered it as obvious. More specifically, the communities in
exam are used to interact with community nurses and there is a high level of trust. The
population is also generally aware of the importance of early diagnosis, though very often
they restrain from it due to the related costs not covered by the normal insurance.
® |n the discussion the overall experience gained of the project should be summarized in view
of how an attempt to control diabetes mellitus in the communities in screening for new cases
and caring for diseased patients would be helpful for further investigations and will be
informative for local as well as national health workers and administrators. Additional points
of interest would be to briefly mention the general dietary intake of the population and how
this relates to overweight and diabetes. Last but not least, the question might be addressed
on whether cut-off points for ‘normal’ and ‘not-normal’ glucose levels, as suggested
internationally, are meaningful for Ghana, and what is the reaction of the authors to the
recent suggestion to disregard ‘prediabetes’ as a diagnosis (see Piller, 20197).
1. Porta M: A Dictionary of Epidemiology, Sixth Edition. Oxford University Press. 2014.
2. Piller C: Dubious diagnosis.Science. 2019; 363 (6431): 1026-1031
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(A) The paper was submitted in early 2018, when the «opinion» of C. Piller was published at the
beginning of 2019. We share the concerns in Europe and US about the abuse of medication for
pre-diabetes. This is however, out of place especially considering the context of rural Ghana.
Nevertheless, we thank the reviewer for pointing this out. We agree that we should avoid
medications for pre-diabetes, while we should promote more awareness on inexpensive physical
activities as jogging. Most of the points raised by the reviewers can be addressed by further
investigation on physical activities and social marketing campaigns on physical activities.

Competing Interests: No competing interests were disclosed.
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?  Juan Salazar
Endocrine and Metabolic Diseases Research Center, School of Medicine, University of Zulia, Maracaibo,
Venezuela

This is a report by Nyarko et al., who propose a novel screening strategy for diabetes mellitus in a rural
population of Ghana, Africa. An aspect of regional epidemiological relevance that could be reproduced in
other geographic locations with similar socioeconomic characteristics.

Abstract:
® |ntroduction: it is not necessary to define prediabetes in this line.

® |n Methods, it should describe the type of study and sampling. How were those 101 subjects
chosen?

® |n Results, the sentence "The need for further campaigns on alcohol and physical activity has
emerged, even in rural areas", must go in Conclusions not in Results.

Introduction:
® |tis somewhat extensive, paragraphs 2 and 3 could be more concise, emphasizing the justification
for the design of this study.

Materials and methods:
® This section is somewhat disorganized, especially at the sample selection section. For this, it
would be convenient to divide by subtitles according to the stages of the project, e.g.:
- Study design and sample selection
- Screening phase
- Diabetes subjects selection phase
- Clinical and capilary sugar evaluation
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- Definitions

- Data analysis

- Quantitative approach
- Qualitative approach

®  You must specify what type of sampling was used for both groups analyzed.
®  Were the questions used by the mobile app validated or standardized, and by what method? There
are some standardized questionnaires to assess the risk of diabetes in "healthy" subjects, such as
the Diabetes Risk Test (ADA) and FINDRISK test. Why were some of these not used?
Results:
® There are some characteristics that must be specified in a table or figure:

1. In the USP group, how many subjects were prediabetic and diabetic according to the method
used?

2. What were the determinants or risk factors most often evidenced in this group?

3. Inthe CDP group, how many subjects received pharmacological treatment? What were the most
commonly used drugs? What were the factors or determinants of risk in control disease?

4. Although some comparisons are described in the text, as a screening study, some characteristics
must also be specified in a table or figure to evaluate the proportions comparatively. In table 2 it is
important to include the variables related to psychobiological habits, family and personal history of
cardiovascular diseases and their risk factors.

Discussion:
® |t would also be advisable to organize this section (without the need to place subtitles) to make it
easier to read.
® What is known about this topic? Especially in your region. Main findings of the study.
®  What does this study add?
® | imitations: Mention in detail in this section.

Is the work clearly and accurately presented and does it cite the current literature?

Partly

Is the study design appropriate and is the work technically sound?

Partly

Are sufficient details of methods and analysis provided to allow replication by others?

Partly

If applicable, is the statistical analysis and its interpretation appropriate?

Yes

Are all the source data underlying the results available to ensure full reproducibility?

Yes
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Are the conclusions drawn adequately supported by the results?

Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Internal medicine, Diabetes. Epidemiology, Chronic disease

I confirm that | have read this submission and believe that | have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however | have significant
reservations, as outlined above.

Alessandro Crimi, African Institute for Mathematical Science, Cape Coast, Ghana

We have listed here our answers starting with an «(A)».

Abstract:
® |ntroduction: it is not necessary to define prediabetes in this line. (A) We have removed the
sentence.
® |n Methods, it should describe the type of study and sampling. How were those 101 subjects
chosen? (A) As we explained later in the paper, subjects were chosen through snowball
sampling.
)

In Results, the sentence "The need for further campaigns on alcohol and physical activity
has emerged, even in rural areas", must go in Conclusions not in Results. (A) We agree
with the reviewer.

Introduction:

It is somewhat extensive, paragraphs 2 and 3 could be more concise, emphasizing the
justification for the design of this study.

(A) We relatively disagree with the reviewer. Paragraph 2 is about Diabetes in low and middle
income countries, while Paragraph 3 is about Ghana. We do believe all information reported is
currently relevant. Otherwise we ask the reviewer to point out which sentences are not relevant.

Materials and methods:

This section is somewhat disorganized, especially at the sample selection section. For this,
it would be convenient to divide by subtitles according to the stages of the project, e.g.:

- Study design and sample selection

- Screening phase

- Diabetes subjects selection phase

- Clinical and capilary sugar evaluation

- Definitions

- Data analysis

- Quantitative approach

- Qualitative approach

(A) We have inserted further subtitles suggested by the reviewer and shuffled some sentences to
fit the structure.
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You must specify what type of sampling was used for both groups analyzed. (A)
Snow-balling sampling entrusted to the community nurses was used.

Were the questions used by the mobile app validated or standardized, and by what
method? There are some standardized questionnaires to assess the risk of diabetes in
"healthy" subjects, such as the Diabetes Risk Test (ADA) and FINDRISK test. Why were
some of these not used? (A) The authors are aware of existing standardized
questionnaires. However, they are relatively simplistic and comprising basic information not
specific for the case in exam. Indeed most of the questions of the standardized
questionnaires are included in our ad-hoc questionnaire. We envision our questionnaire as
an expansion of the standardized questionnaire. Nevertheless, we are including this
Clarification.

Results:

There are some characteristics that must be specified in a table or figure:

1. In the USP group, how many subjects were prediabetic and diabetic according to the

method used? (A) This is information is already included in the paper. This is even
mentioned in the abstract.

What were the determinants or risk factors most often evidenced in this group? (A)
Unfortunately we have not found novel strong dietary determinants. The existence of
relatives with diabetes for the pre-diabetic group is not a novel discovery. Our contribution is
that it is possible to perform early detection of diabetes and pre-diabetes and that there is
still a general misconception of what «physical activity» is.

In the CDP group, how many subjects received pharmacological treatment? What were the
most commonly used drugs? What were the factors or determinants of risk in control
disease? (A) All subjects in the CDP group were following pharmacological treatment, but
we do not know the details of this.

. Although some comparisons are described in the text, as a screening study, some

characteristics must also be specified in a table or figure to evaluate the proportions
comparatively. In table 2 it is important to include the variables related to psychobiological
habits, family and personal history of cardiovascular diseases and their risk factors. (A) We
are not in possession of detailed information about cardiovascular diseases apart from
hypertension. However, if not reported most likely there is no past medical history of
cardiovascular diseases for the subjects in exam. The study focused on the early detection
of diabetes and pre-diabetes, we will acknowledge in the discussion section that deeper
investigation on cardiovascular disease is missing and represents a limitation.

Discussion:
® |t would also be advisable to organize this section (without the need to place subtitles) to
make it easier to read.
® What is known about this topic? Especially in your region. Main findings of the study.
®  What does this study add?
°

Limitations: Mention in detail in this section.

(A) We have restructured the discussion section, particularly adding a paragraph on «what is
known» and a paragraph about «limitations».

Competing Interests: No competing interests were disclosed.
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