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Abstract
Purpose Advancements in management of non-communicable diseases using regular reminders on lifestyle and dietary 
behaviors have been effectively achieved using mobile phones. This study evaluates the effects of regular communication 
using a mobile phone on dietary management of Type 2 Diabetes Mellitus (T2DM) among patients attending Kitui County 
Referral Hospital (KCRH) in Kenya.
Methods Pre/post-study design among eligible and consenting T2DM patients visiting KCRH was used for this study. One 
hundred and thirty-eight T2DM patients were enrolled; 67 in the intervention group (IG) and 71 in the control group (CG). 
The IG received regular reminders on key dietary practices through their mobile phones for six months while the CG did not. 
The Net Effect of Intervention (NEI) and bivariate logistic regression were used to determine the impact of mobile phone 
communication intervention at p < 0.05. SPSS version 24 was used to analyze the data.
Results The results revealed an increase of respondents who adhered to the meal plan in the IG from 47.8% to 59.7% 
compared to a decrease from 49.3% to 45.1% in CG with corresponding NEI increasing (16.1%) significantly (p < 0.05). 
The proportion of respondents with an increased frequency of meals increased from 41.8 to 47.8% in the IG compared to a 
reduction from 52.1% to 45.1% in the CG with corresponding NEI increasing (13.0%) significantly (p < 0.05).
Conclusion Regular reminders on lifestyle and dietary behaviors using mobile phone communication improved adherence 
to dietary practices such as meal planning and frequency of meals in the management of T2DM.
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Introduction

Diabetes mellitus is a metabolic disorder that is character-
ized based on the blood glucose level and occurs due to the 
lack of efficiency in utilizing insulin or lack of production 
of insulin [1]. The prevalence of diabetes in the world has 
been increasing in the recent decades [2]. It is estimated 
that by 2030, the number of cases worldwide will exceed 
400 million [3]. The condition result from defects in insulin 
secretion, insulin action, or both [4]. The most common form 

of diabetes is Type 2 Diabetes Mellitus (T2DM) accounting 
for over 90% of diabetes cases [5]. Glycemic control has 
been the ultimate objective in any diabetes therapy achieved 
through the interplay of lifestyle and self-management meas-
ures such as a change in diet, physical activity and medica-
tion adherence [6]. Despite proper control significantly being 
effective in the reduction of the risks of complications, stud-
ies from around the world reveal poor adherence to self-care 
practices [7, 8].

The extent to which patients follow the recommended die-
tary regime is suboptimal in most cases, ranging from 22 to 
70% [9]. Health care systems in developing countries, Kenya 
included, have focused so much on communicable diseases 
like HIV, AIDS and malaria, with limited emphasis on dia-
betes (DM) [10]. There is relatively a large number (About 
200) of T2DM patients that are treated at Kitui County 
Referral Hospital (KCRH) diabetes clinic in Kenya [11]. 
KCRH serves members of Kitui County which is largely arid 
and semi-arid, with a relatively higher T2DM prevalence 
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rate and a lower Human Development Index compared to 
other counties in Kenya.

The current interventions to manage T2DM in most 
hospital facilities in Kenya is counselling on diet, physi-
cal activity and medication adherence delivered as group 
health talks. Apparently, these interventions have been seen 
to have a low impact due to poor adherence to diet, health-
seeking behaviour and drugs. Consequently, hyperglycemia 
and long-term complications, increased morbidity and pre-
mature mortality have been observed in most health facili-
ties. It also ultimately increases the cost burden of health 
care for the condition to the government, communities and 
individuals [12].

Dietary and lifestyle habits have been shown to improve 
after the mobile phone intervention in the management of 
T2DM [13]. In Kenya, the mobile phone penetration has 
continued to soar from 75.4% reported in 2012 [14] to about 
100% in 2018 [15]. Mobile phones are used not just as a 
basic communication tool but also, for accessing informa-
tion [16]. The use of this mobile phone communication, 
therefore, presents an opportunity of targeting health mes-
sages to individuals, unlike health talks delivered to groups. 
It is also easy to monitor the delivery of messages. There is 
widespread ownership of phones by most patients. However, 
there is limited information on the effectiveness of their use 
in the management of T2DM in the Kenyan setting.

Methods

Study site

The study was carried out at Kitui County Referral Hospital 
(KCRH) a Level Five Hospital in Kitui County, Kenya. The 
catchment area for KCRH is majorly the entire population 
of Kitui County.

Study design

The study design used pre-post data that included quantita-
tive component. Using social demographic, the participants 
were randomly assigned to either the intervention group (IG) 

that received frequent and regular mobile phone commu-
nication on dietary management of T2DM or the control 
group that did not receive the communication. Data were 
collected at baseline and six months after intervention and 
analyzed to determine the change in relevant variables to 
determine if the intervention had a significant impact on the 
dietary management practices. The dependent variables were 
dietary practices while the independent variable was the use 
of mobile phone communication (Table 1).

Study population

The study population comprised consenting Type 2 Diabetes 
Mellitus (T2DM) patients visiting the Out Patient Depart-
ment (OPD) diabetes clinic, aged 20–70 years diagnosed 
with T2DM at least one year before this study, and own-
ing mobile phones at the time of enrollment. Key dietary 
management messages were developed and communicated 
through the participants' mobile phones five days a week for 
six months to the intervention group. The control group did 
not receive these messages but continued diabetes manage-
ment through regular visits to the Diabetes Clinic at KCRH.

Sample size determination

From Kitui County Referral Hospital (KCRH) records, 200 
Type 2 Diabetes Mellitus (T2DM) patients visited the facil-
ity in February 2017 [11]. Using the Krejcie and Morgan 
formula [17] formula; s = X2NP(1-P) ÷ d2(N-1) + X2P(1-P); 
where s = required sample size; X2 = the table value of chi-
square for 1 degree of freedom at the desired confidence 
level (3.841 for 95% confidence interval); N = the popula-
tion size; P = the population proportion (assumed to be 0.50 
since this would provide the maximum sample size); and 
d = the degree of accuracy expressed as a proportion (0.05). 
Using the formula, 3.841(200) (0.5) (1–0.5)/ (0.05) (0.05) 
(200–1) + 3.841 (0.05) (1–0.05) = 132 patients. To factor in 
chances of participants dropping out before the 6 months 
period lapse, the sample size was adjusted upwards by 10% 
to cater for attrition [18]. Therefore, 10/100 of 132 = 13.2, 
giving a total sample size of 132 + 13 = 145 individuals. The 

Table 1  Study variables

Socio demographic variables (Confounding) Independent variable Dependent variables

Gender
Age
Marital status
Education level
Occupation
Distance to the health facility

Mobile phone based dietary reminders Dietary practices
Use of meal plan
Frequency of meals
Frequency of snacks
Fruits intake
Vegetable intake
Dietary diversity (DDS)
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patients were randomly assigned to either an intervention 
(IG) or control group (CG).

Consecutive sampling technique was used in this study 
where every eligible and consenting Type 2 Diabetes Mel-
litus (T2DM) patients that came to the hospital in the month 
of March and April 2017 were selected and assigned to 
either the intervention or the control group. This technique 
is recommended for sampling small finite populations of less 
than 100,000 [17] as was the case of T2DM patients attend-
ing Kitui County Referral Hospital (KCRH) for treatment. 
In total, 138 patients were sampled in this study; 67 of them 
in the intervention group and 71 in the control group. Out of 
the eligible 200 T2DM patients on follow up from the previ-
ous one month [11], 138 (67 in the intervention group and 
71 in control group) completed the two phases of the study 
(baseline and after six months) as shown in Fig. 1.

Formulation of the text messages

Short Message Service (SMSs) messages were formulated 
based on established dietary management recommenda-
tions for T2DM [19, 20]. The messages were formulated 
in English and translated to the predominant local language 
(the Kamba dialect) in Kitui County. As recommended by 

Adikusuma et al., 2017 [21] and Haddad et al., 2014 [22], 
both early morning and afternoon reminders have been 
reported to have the biggest impact on the dietary and life-
style management of T2DM patients. The study adopted 
Ramanchandran et al., 2013 [23] protocol where the mes-
sages sent had approximately 160 characters for simplicity to 
the recipient. Characters refer to individual letters, numbers, 
and symbols that make up words and sentences. It is recom-
mended that the SMS should not exceed 160 characters as 
some participants may be challenged technically once the 
number of characters have been exceeded. The messages 
were reviewed by Kitui County Referral Hospital (KCRH) 
physician, nurse and nutritionist for completeness and deliv-
ery was between 5.00 and 08.00 am. Patients provided a 
mobile phone number on which they preferred to receive the 
regular messages. In addition, the respondents were called 
on weekends to ascertain that all the SMSs sent within the 
week had been received and well understood.

Data collection instrument

Longitudinal data collection was used; at month 0 (during 
enrollment of participants) and at the end of the 6 months. 
Structured questionnaires were administered using face-
to-face to both the IG and CG to collect data on social 
demographics and dietary habits. The same questionnaire 
was used for both the baseline and end line survey as rec-
ommended by Badedi and others [24]. The questionnaire 
collected information on the patient’s ability to adhere to 
recommendations and reminders provided on daily basis by 
health personnel. In addition, data on the frequency of meals 
and snacks consumed was assessed by the ability to take 
three meals and more than three snacks in a day as recom-
mended [25]. Intake of fruits and vegetables was assessed 
by respondents’ ability to consume 2–4 servings of fruits 
and 3–5 servings of vegetables daily as recommended by 
the Ministry of Public Health and Sanitation [19]. A dietary 
diversity score (DDS) assessment that was based on 10 food 
groups was used and the cut-off was set at ≥ 5 food groups 
[26].

Data analysis

Data were entered and analyzed using SPSS software for 
windows Version 24. Descriptive statistics were used to ana-
lyze the socio-demographic characteristics with chi square 
used to assess the randomness in enrollment of participants 
in the IG and CG. The Net Effect of Intervention (NEI) anal-
ysis was used to determine the impact of the intervention at a 
95% confidence level [27]. This was achieved by the change 
( ±) in percentage obtained from IG compared with the 
change obtained from the CG. This compared the observed 

Screened for eligibility, N=200

191 met the eligibility criteria

Intervention group = 90,

Control group =101

9 failed to meet criteria

Baseline N=154

Control group N=71

Control group 21 

refused to consent

Intervention group 16 

refused to consent

Control group 9 

refused to consent

Intervention group 6 

refused to consent

1 died 

Intervention group 

N=67

Participated N= 138

Fig. 1  Flow diagram on the enrolment process of the study partici-
pants
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change in dietary practices among patients in the IG to the 
changes in the CG. The following formula was used:

Where

NEI  represent Net Effect of Intervention

Y0  represents proportion (%) within the intervention 
group at baseline

Y1  represents proportion (%) within the intervention 
group after 6 months

X0  represents proportion (%) within the control group at 
baseline

X1  represents proportion (%) within the control group 
after 6 months

Bivariate logistic regression was conducted to assess the 
impact of frequent mobile phone- based reminders on the 
use of meal plan, frequency of meals, frequency of snacks, 
fruits intake, vegetable intake, and dietary diversity (DDS). 

NEI =
(

Y
1
− Y

0

)

− (X
1
− X

0
)

The Odds Ratio (OR) in the bivariate logistic regression 
model was used to bring out the strength of association 
between intervention and the control groups for each vari-
able, while the Wald test examined the significance for 
individual regression coefficients in the logistic regression. 
Statistical significance was set at p < 0.05.

Results

Socio‑demographic characteristics 
of the respondents

Table 2 shows the socio-demographic characteristics of 
the participants enrolled in this study. From the results, 
the majority of the respondents were female (65.7% in the 
experimental group and 62% in the control group), aged 
above 40 years (92.5% in the experimental group and 88.7% 
in the control group) and married (74.6% in the experimen-
tal group and 84.5% in the control group). In addition, the 
highest proportion (38.8% in the experimental group and 
38.0% in the control group) were unemployed. From X2, 
the p-value was greater than 0.05 indicating randomness in 
distribution of participants into either the IG and CG groups. 
The insignificant p-values indicate minimal bias caused by 
the confounding variables.

Table 2  Socio-demographic 
characteristics of the 
respondents

The superscript after the p-value represent significance codes: ‘NS’ > 0.1

Characteristic Intervention group
(n = 67)

Control group
(n = 71)

P-value for X2

n (%) n (%)

Gender 0.651NS

  Male 23(34.3) 27(38.0)
  Female 44(65.7) 44(62.0)

Age (years) 0.444NS

  < 40 5(7.5) 8(11.3)
  > 40 62(92.5) 63(88.7)

Marital status 0.149NS

  Married
  Unmarried

50(74.6)
17(25.4)

60(84.5)
11(15.5)

Education level 0.262NS

 < Primary 44(65.7) 40(56.3)
 > Primary 23(34.3) 31(43.7)
Occupation 0.510NS

  Unemployed 26(38.8) 27(38.0)
  Employed 21(31.3) 28(39.4)
  Own Business 20(29.9) 16(22.5)

Distance to a health facility 0.848NS

  < 5 km 18(26.9) 22(31.0)
  5-10 km 18(26.9) 17(23.9)
   > 10 km 31(46.3) 32(45.1)
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Dietary practices of the respondents

Table 3 shows that the proportion of respondents who used 
a meal plan increased from 47.8% to 59.7% in the inter-
vention group and decreased from 49.3% to 45.1% in the 
control group. The NEI (16.1%) increase was statistically 
significant (OR = 1.77 (95% CI = 1.09–2.87), p < 0.05). The 
proportion of respondents whose frequency of meals was at 
least three meals per day increased from 41.8% to 47.8% in 
the intervention group and decreased from 52.1% to 45.1% 
in the control group. The NEI (13%) increase was statisti-
cally significant (OR = 1.69 (95% CI = 1.04–2.74), p < 0.05).

The proportion of respondents who increased the fre-
quency of consumption of snacks increased from 20.9% to 
32.8% in the intervention group and decreased from 14.1% 
to 9.9% in the control group. The NEI of (16.1%) increase 
was statistically significant (OR = 2.04(95% CI = 1.10–3.76), 
p < 0.05). However, there were no significant differences in 
the proportion of respondents who consumed the recom-
mended portion of fruits and vegetables and in the propor-
tion of respondents who consumed food from diverse food 
groups to meet the recommendations for the dietary diversity 
score (Table 3).

Discussion

A simple meal plan emphasizing guidelines for healthy food 
choices is effective in producing changes in glycemic control 
in T2DM patients [28]. This study found that less than 60% 
in the intervention and the control group followed a meal 
plan. However, this proportion is higher compared to a study 
in Saudi Arabia on T2DM where only 19% used a meal 
plan [24]. A study on adherence to and factors associated 
with self-care behaviours in T2DM in Ghana also showed 
that less than one-third followed a healthy eating plan daily 
[29]. But the proportion is lower compared to a study by 

Kamuhabwa and Charles [30] where 69% of T2DM patients 
followed a meal plan.

This study found that mobile phone communication of 
dietary management practices significantly increased the use 
of meal plan among the respondents. One of the reasons why 
respondents were not following the meal plan in this study 
could be a low formal education levels as a large per cent, 
66% in the intervention group and 56% in the control group, 
did not have post-primary education. Living in rural settings 
[29] non-availability of fruits and vegetables and the high 
cost of foods [31] have been identified by other studies as 
barriers to adhering to a meal plan.

Frequent meals in T2DM patients reduce post-prandial 
insulin secretion and enhance insulin sensitivity in diabetes 
patients [32]. It also prevents hypoglycemia [33]. Respond-
ents who adhered to the recommended number of meals in 
this study were 42% at baseline in the intervention and 52% 
in the control group. Brown et al. [34] in their study on 
college students found that only 18% adhered to the cor-
rect frequency of meals per day. But other studies have 
reported a higher frequency of meals than that observed in 
this study [32, 35]. A study on dietary patterns in Kitui, 
Bondo and Trans Mara Districts of Kenya found that those 
meeting the required frequency of meals per day were 73%, 
82% and 88% respectively [36] in the population. Hence 
this study provided further evidence that the use of mobile 
phone communication significantly increased the frequency 
of meals among the respondents in this study. A significant 
increase in the frequency of meals was observed among dia-
betes patients in the IG group compared to the control group 
(p < 0.05). This is similar to the observations reported in 
other studies [37, 38].

The majority of the respondents did not meet the recom-
mended intake of 3 snacks in a day as per American Dia-
betes Association [25]. Another study on dietary practices 
found that 1%, 3% and 4% of respondents consumed snacks 
as recommended in Kitui, Bondo and Trans Mara Districts, 

Table 3  The Net Effect of Intervention and bivariate logistic regression on the adherence to recommended dietary management practices

NEI: Net effect of Intervention; The superscript after the p-value represent significance codes: ‘**’ < 0.05 ‘*’ < 0.1 ‘NS’ > 0.1

Intervention group Control group

Baseline (Y0) Six months (Y1) Baseline (X0) Six months (X1)

n (%) n (%) % change n (%) n (%) % change NEI
%

Odds(95% CI) P-value

Meal plan 32(47.8) 40(59.7) 11.9 35(49.3) 32(45.1) -4.2 16.1 1.77(1.09–2.87) 0.021**

Frequency of meals 28(41.8) 32(47.8) 6.0 37(52.1) 32(45.1) -7.0 13.0 1.69(1.04–2.74) 0.032**

Frequency of snacks 14(20.9) 22(32.8) 11.9 10(14.1) 7(9.9) -4.2 16.1 2.04(1.10–3.76) 0.023**

Fruit intake 9(13.4) 14(20.9) 7.5 10(14.1) 16(22.5) 8.4 -0.9 0.74(0.38–1.44) 0.382NS

Vegetable intake 12(17.9) 17(25.4) 7.5 14(19.7) 15(21.1) 1.4 6.1 1.71(0.89–3.28) 0.103NS

Dietary diversity 
score

33(49.3) 37(55.2) 5.9 34(47.9) 32(45.1) -2.8 8.7 0.49(0.24–1.04) 0.064*
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respectively [36]. A Saudi Arabia study among T2DM 
patients found that 23% took the recommended daily snacks 
[32]. The low frequency of meals and low intake of snacks 
in this study could be explained by a lack of knowledge on 
the recommended frequency of meals and snack intake level, 
and the poor socio-economic status of the respondents [32, 
36].

Consumption of vegetables contributes to the intake of 
some vitamins and antioxidants, and thus combats deficien-
cies that could arise with diabetes. Vegetables and fruits 
also improve bowel function, slow rates of glucose and lipid 
absorption from the small intestine, and lower blood lipids 
[38, 39].

There was a low fruit intake (< 30% in the intervention 
and control groups) in this study. The observations are simi-
lar to those reported in a study on food security problems 
among various income groups in Kenya that found low fruit 
intake (26%) among the respondents [40]. Low consumption 
of fruits (46%) was also reported in a Sri Lankan population 
[38]. These observations are in agreement with the National 
Micro Nutrient Survey report of 1999 which found that only 
10% of the respondents in five districts in Kenya consumed 
fruits [41].

Lower fruit intake levels have been reported in other stud-
ies among T2DM patients than the level reported in this 
study [29, 42]. This study shows that fruit intake in the popu-
lation is low and mobile phone communication did not have 
a significant effect on fruit intake among respondents. But 
other studies have reported a significant increase (p < 0.05) 
in fruit consumption in the intervention group compared to 
the control group after mobile phone intervention [34, 43]. 
Other studies have reported a non-significant increase in 
fruit intake after mobile phone intervention [44, 45]. The 
reason for the low fruit intake in this population could be 
the seasonality of the fruits. Another reason could be a per-
ception that the population has of fruits as being sweet and 
having high sugar levels [42]. The other factor could be cost, 
as was reported in another study [46].

This study also noted that there was low vegetable con-
sumption (< 30%) in the intervention and the control groups. 
Lower proportions of vegetable consumption among T2DM 
patients have been reported in other studies [32, 47]. How-
ever, a higher proportion of vegetable intake, 46%, 67% and 
51%, respectively have been reported by other studies [31, 
38, 42]. This study found that mobile phone communication 
did not have a significant effect on vegetable intake among 
the respondents. But other studies have reported a significant 
increase in consumption of vegetables after mobile phone 
communication intervention [43–45].

The two periods of data collection (March and April 
2017, and November and December 2017) coincided with 
the rainy seasons, when vegetables are generally easily 
available. The low intake of vegetables could therefore 

be attributed to a lack of knowledge and awareness of the 
importance of vegetable intake. Similar observations have 
also been made in other studies [31, 32].

The majority of respondents (> 70%) were not within 
the recommended fruit (2–4) servings and vegetable (3–5) 
servings as recommended by the Ministry of Public Health 
and Sanitation [20]. This puts respondents at increased risk 
of developing complications such as uncontrolled BP (over 
50% in the intervention and over 40% in the control group 
had uncontrolled BP) as reported in another study by [48]. 
A high diversity of diets, with foods from different food 
groups, contributes toward meeting nutrient adequacy [49]. 
Low dietary diversity is particularly a considerable problem 
among poor populations of the developing world as their 
diets are predominantly based on a limited number of starchy 
staples [50]. The same trend was observed in this study, 
with less than half (49% in the intervention and 48% in the 
control group) within the recommended dietary diversity 
score [DDS] at baseline. Lower DDS was observed by Tiew 
et al. [42] who found that only 35% of respondents were 
within the recommended DDS levels. Similarly in another 
study in Laikipia, Kenya, it was reported that only 37% of 
the respondents were in the medium DDS category (4–5 
food groups) [51]. This was also the case in a study in South 
Africa [49] where it was observed that only 38% of respond-
ents in Limpopo and 40% in Eastern Cape provinces were 
within the DDS of 4.

However, a higher percentage (79%) of respondents 
who were within the DDS was reported among diabetic 
and hypertensive patients in Cote d’Ivoire [52]. The reason 
for the low DDS for most respondents in this study could 
be because of the established food consumption practices 
among the community at the study site where the majority 
have a staple diet based on cereals and pulses.

Conclusion

The study sought to understand the impact regular reminders 
on dietary practices on DM management. From the research, 
it is evident that the use of mobile phone communication 
was associated with improved adherence to recommended 
dietary practices with respect to the use of meal plans, and 
increased frequency of meals. The study recommends fur-
ther research and development on the use of SMS and other 
telecommunication modes in communicating health and 
nutrition messages to patients with T2DM and other life-
style diseases to help improve dietary management of the 
condition.
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