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Abstract

Background: Impaired fasting glucose level has been associated with increased 
incidence of Type 2 Diabetes mellitus, and diabetes is becoming a major public 
health problem in developing countries. The objective of the study was to deter-
mine the prevalence and correlates for impaired fasting glucose level/diabetes in 
Kaoma and Kasama rural districts of Zambia. 

Methods and Findings: A cross sectional study using modified World Health 
Organization (WHO) global non communicable diseases (NCD) surveillance initiative 
NCD STEPwise approach was used in the study. Proportions were compared using 
the Yates’ corrected Chi-square test, and a result yielding a p value of less than 5% 
was considered statistically significant. Bivariate and multivariate logistic regression 
analyses were conducted. Factors that were statistically significantly associated with 
the outcome in bivariate analyses were considered in a multivariate logistic regres-
sion analysis using a backward variable selection method. Odds ratios (OR) and 
their 95% confidence intervals (CI) have been reported. Totals of 895 participants 
from Kaoma and 1198 from Kasama took part in the surveys. Overall, 4.1% of 
the participants in Kaoma and 1.8% of the participants in Kasama (p=0.004) had 
impaired fasting glucose level/diabetes, with no significant differences between 
sex in both districts. Respondents who were aged less than 45 years were less 
likely to have impaired glucose level/diabetes compared to those who were aged 
45 years or older (OR=0.56, 95% CI [0.39, 0.81] in Kaoma and OR=0.55, 95% CI 
[0.33, 0.89] in Kasama). 

Conclusions: Prevalence of impaired fasting glucose level/diabetes may have been 
underestimated because impaired glucose test was not conducted. The prevalence 
of impaired fasting glucose level/diabetes varied between the two rural districts stu-
died. Impaired fasting glucose level/diabetes was associated with age. Interventions 
to control diabetes should be district specific and targeted at younger age groups 
in order to curtail the prevalence of diabetes in older age groups. 
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Introduction

Impaired fasting glucose has been associated with increased 
incidence of Type 2 Diabetes mellitus [1]. Diabetes has been 
a major public health problem in developed countries and 
has become so in developing countries. Overall, 2.3% of to-
tal deaths among females and 1.6% of total deaths among 
males worldwide were due to Diabetes mellitus in 2004, and 
it was the tenth cause of death in middle-income countries 
[2]. Shaw et al [3] estimated that between 2010 and 2030, 
there would be a 69% and 20% increase in the number of 
adults aged 20-79 years with diabetes in developing and de-
veloped countries, respectively. Shaw et al [3] also estimated 
that in the same period in Africa the prevalence of diabetes 
would increase from 3.8% to 4.7% in the same age group. 
In Lusaka, capital city of Zambia, Nsakashalo-Senkwe et al [4] 
reported prevalence of impaired glucose level and diabetes 
of 1.3% and 2.7%, respectively. 

Diabetes and impaired fasting glucose levels have been repor-
ted to be risk factors for cardiovascular disease [5, 6]. It has 
also been observed to be a leading cause of visual impairment 
and blindness [7] and kidney failure [8] and has also been 
associated with stroke [9]. The risk of lower limb amputation 
[9] and tuberculosis [10] have been reported to be at least 
10 times and three times more in people with diabetes than 
in non diabetic persons, respectively. 

Although prevalence of diabetes in rural parts of low- and 
middle-income countries rose dramatically from 1.8% in 

1985-1989 to 8.6% in 2005-2010 [11], there is no informa-
tion on the extent of the problem of impaired fasting glucose 
level in rural areas of Zambia. The study in an urban setting in 
Zambia found that age and mild hypertension were associa-
ted with diabetes. However, risk factors for diabetes may vary 
according to the socio-economic developmental stages of the 
population [12]. Hence, it is important that factors associated 
with impaired fasting glucose level are determined for each 
population to design appropriate interventions for control of 
diabetes. The objective of this study was to determine the 
prevalence and correlates of impaired fasting glucose level/
diabetes in Kaoma and Kasama rural districts of Zambia, with 
a view to contribute to the body of knowledge on diabetes 
in rural areas of low- and middle-income countries.

Methods

The research methods that were used in the current study 
are the same as those that have been described in the Lusaka 
and Kitwe studies [13, 14]. However, the methods that were 
used in the current study are highlighted below. 

Study area

The administrative political structure of Zambia was divided 
into provinces, districts, constituencies and wards. At the time 
of the survey, Zambia was divided into 9 provinces and 72 
districts (Figure 1). Out of the nine provinces only two were 
predominantly urban. Lusaka province was conveniently se-

Figure 1. Locations of study sites.
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lected to represent the other urban province. Hence, only 8 
provinces comprised the sampling frame.

Kaoma district was one of the 8 districts in Western provin-
ce. Kaoma had 3 constituencies with a total of 20 wards. 
Meanwhile, Kasama district was one of the 12 districts in 
Northern province. It had 2 constituencies with a total of 15 
wards. The population sizes for Kaoma and Kasama districts 
were 162,568 and 170,929, respectively [15]. In its Living Con-
ditions Monitoring Survey Report, CSO [16] estimated the 
distribution of the population residing in rural areas in Wes-
tern and Northern provinces at 87% and 89%, respectively. 
Meanwhile, the incidence of poverty in Western and Nor-
thern provinces was estimated at 65% and 81%, respectively. 
School attendance rate for the primary school age population 
(7-13 years) was estimated at 64% in Western province and 
73% in Northern province [16].

Study design, sample size and sampling

A cross sectional study using a modified World Health Or-
ganization (WHO) global non communicable diseases (NCD) 
surveillance initiative NCD STEPwise approach was used in 
the study [17]. 

A Statcal program in EPI INFO version 6.04 was used to es-
timate the sample size. Upon considering a 50% prevalence 
rate (as no estimate existed) to be estimated within 5%, 8 
provinces and a design effect of 2 (http://applications.emro.
who.int/dsaf/EMPUB_2012_ 864.pdf), a sample size of 6128 
was computed. After adjusting for 80% response rate, a 
sample size of 7660 was determined. The sample size was 
proportionally allocated to 8 provinces. The sample size was 
powered to produce estimates at the provincial level. Of the 
7660 participants, 766 were to be selected from Kaoma and 
843 from Kasama . These sample sizes were increased to 893 
in Kaoma and 1196 in Kasama because extra reagent strips 
for glucose and cholesterol were soon to expire.

A multi-stage sampling technique was used to sample the 
participants in both Kaoma and Kasama districts. Firstly, 
wards were randomly selected from each constituency. In the 
second stage of sampling, standard enumeration areas (SEAs) 
were proportionally selected to the ward size. Finally from 
the selected SEAs, households were systematically sampled. 
All individuals (male or female) aged 25 years or older in a 
selected household were eligible to participate in the study. 
This was opposed to randomly selecting one individual from a 
selected household as recommended by the WHO STEPwise 
methodology [17]. 

The study protocol was reviewed and approved by the Uni-
versity of Zambia Biomedical Research Ethics Committee. Per-

mission to conduct the survey was obtained from the Ministry 
of Health [Zambia]. Informed consent was obtained after the 
interviewer explained among others the purpose of the study, 
benefits and risks for taking part in the study to the eligible 
participants. Entry forms were viewed only by approved study 
personnel.

Data collection and definitions of variables
 
Data collection. A modified WHO STEPwise questionnaire 
[17] comprising section on behavioral measurements (Step 
1), physical measurements (Step 2) and biochemical measu-
rements (Step 3) was used to collect data. Interviews were 
conducted at homesteads with some measurements being 
conducted in private areas of the homestead. Cards were 
shown to explain the meaning of some of the terms in ob-
taining some of the behavioral measurements.

Education. Information on education was obtained by asking 
the question: What is the highest level of education you have 
completed? The responses were: No formal schooling, Less 
than primary school, Primary school completed, Secondary 
school completed, High school completed, College/University 
completed, Postgraduate degree, or Refused.

Alcohol. Information on alcohol consumption was obtained 
by asking the question: Have you consumed any alcoholic drink 
within the past 30 days? Responses were either Yes or No.

Sedentary behavior. Information on sedentary behavior 
was obtained by asking the question: How much time do 
you usually spend sitting or reclining on a typical day? The 
question excluded time spent sleeping. The variable was ob-
tained in hours and minutes.

Blood pressure. Blood pressure readings were taken using 
the Omron Digital Automatic BP Monitor M4-1 (OMRON 
Healthcare Europe BV, The Netherlands). Three readings were 
obtained and an average of the three readings was conside-
red the final reading for blood pressure. This was opposed 
to averaging the last two readings as recommended by the 
WHO STEPwise methodology [17]. Blood pressure readings 
were taken after the questionnaire was administered. This 
allowed participants to have rested before taking the first rea-
ding. The subsequent readings were taken 3 minutes apart.

Height and weight. The Seca Brand 214 Portable Stadio-
meter (Secagmbh & Co. kg Hamburg, German) was used to 
measure the height which was obtained in centimetres to one 
decimal point. Meanwhile, weight was measured in kilograms 
to one decimal point using the Heine Portable Professional 
Adult Scale 737 (Secagmbh & Co. kg Hamburg, German).
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Heart rate. The heart rate was reported in beats per minute 
using the ORMRON digital automatic blood pressure moni-
tor M4-1 (OMRON Healthcare Europe BV, The Netherlands). 
Three readings were taken spaced three minutes apart at the 
time blood pressure readings were taken.

Cholesterol and glucose. The Accutrend GCT (Glucose, 
Cholesterol and Triglycerides) Meter Three-in-One system 
was use to estimate total cholesterol and fasting glucose le-
vels that were recorded in mmol/L. To determine if the par-
ticipant had fasted, the participant was asked the question: 
During the past 12 hours have you had anything to eat or 
drink, other than water? If the participant responded yes, the 
participant was asked again the same question to double 
check that he/she had fasted just before taking the reading. 
The following questions were also asked to the participant 
to check if he/she was on treatment for blood glucose or 
total cholesterol: Today, have you taken insulin or other drugs 
(medication) that have been prescribed by a doctor or other 
health worker for raised blood glucose? The question relating 
to total cholesterol was: During the past two weeks, have you 
been treated for raised cholesterol with drugs (medication) 
prescribed by a doctor or other health worker?

Definitions. Education was categorized into: None, Primary, 
and Secondary or higher. Time spent sitting or reclining 
(sedentary behavior) was categorized into <3.5 and 3.5 or 

more hours. Body mass Index (BMI) was computed by divi-
ding weight (kg) by height squared (m2) and categorized as 
<18.5 (underweight), 18.5-24.9 (normal weight), 25.0-29.9 
(overweight), and 30+ (obese) kg/m2; participants with blood 
pressure readings of more than 140/90 were considered to 
indicate hypertension [17]. Participants who were on antihy-
pertensive medication were also included in the high blood 
pressure group. Total cholesterol was categorized into two 
groups: <5.2 (normal) and 5.2 or more (impaired) mmol/L. 
Participants who were on treatment for high cholesterol were 
also categorized as having impaired cholesterol levels despite 
their readings during the survey. Heart rate was categorized 
into <60 (low), 60-90 (normal), and >90 (high) beats/minu-
te. Glucose level was categorized into: 3.3-5.5 (normal) and 
<3.3/>5.5 (impaired) fasting glucose level. Participants who 
were on treatment for raised blood glucose were also cate-
gorised as having impaired fasting glucose levels despite their 
readings at the time of the survey.

Data management and analysis

Data management. The Epi Data software was used to en-
ter data by two data entry clerks. The data entry screen had 
consistency and range checks embedded in it. Data were do-
uble entered and validated. The validated data was exported 
to SPSS version 11.5 for analysis. 

Table 1. Description of the sample stratified by district.

Kaoma Kasama

Total Male Female Total Male Female

Factor n (%) n (%) n (%) n (%) n (%) n (%)

Age group (years)

<45 481 (57.3) 179 (51.9) 302 (61.1) 728 (64.3) 316 (62.6) 412 (65.7)

45+ 358 (42.7) 166 (48.1) 192 (38.9) 404 (35.7) 189 (37.4) 215 (34.3)

Sex

Male 357 (40.3) - - 512 (42.8) - -

Female 529 (59.7) - - 683 (57.2) - -

Education

None 257 (29.0) 93 (26.1) 164 (31.0) 164 (13.8) 30 (5.9) 134 (19.7)

Primary 512 (57.9) 190 (53.4) 322 (60.9) 772 (64.8) 311 (60.7) 461 (67.9)

Secondary or higher 116 (13.1) 73 (20.5) 43 (9.1) 255 (21.4) 171 (33.4) 84 (12.4)

Impaired or diabetes levels

No 847 (95.9) 338 (94.9) 509 (96.6) 1042 (98.2) 449 (97.6) 593 (98.7)

Yes 36 (4.1) 18 (5.1) 18 (3.4) 19 (1.8) 11 (2.4) 8 (1.3)
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Data Analysis. Proportions of the outcome variables and 
socio-demographic variables were calculated. Bivariate and 
multivariate logistic regression analyses were conducted. 
Proportions were compared using the Yates’ corrected Chi-
square test, and a result yielding a p value of less than 5% 
was considered statistically significant. Factors that were sta-
tistically significantly associated with the outcome in bivariate 
analyses were considered in a multivariate logistic regression 
analysis using a backward variable selection method. Odds 
ratios and their 95% confidence intervals are reported.

Results

A total of 2093 (895 from Kaoma and 1198 from Kasama) 
participants took part in the surveys. Table 1 presents a des-
cription of the sample. The proportion of male participants 
was similar between the two districts (40.3% in Kaoma and 
42.8% in Kasama, p=0.262).

Male participants in Kaoma tended to be older than those 
in Kasama (42.7% vs 35.7% were of age 45 years or older, 
respectively; p=0.007) but no significant difference in the 
distribution of age was observed among female participants 
between the two districts (p=0.238). While males (48.1% 
aged 45 years or older) were significantly older than females 
(38.9% aged 45 years or older) in Kaoma, no significant diffe-
rence in the age distribution was observed between gender 
in Kasama (p=0.435).

Both males and females in Kasama tended to be more edu-
cated than those in Kaoma (p<0.001). Altogether, 13.1% of 
participants in Kaoma and 21.4% of participants in Kasama 
had attained secondary or higher levels of education. In both 
districts, males tended to be more educated than females 
(20.5% vs 9.1%, respectively, p<0.001, in Kaoma; and 33.4 
vs 12.4%, respectively, p<0.001, in Kasama).

Overall, 4.1% (5.1% of males and 3.4% of females; p=0.300) 
of the participants in Kaoma and 1.8% (2.4% of males and 
1.3% of females; p=0.291) of the participants in Kasama had 
impaired fasting glucose level. The prevalence of impaired 
fasting glucose level was significantly higher in Kaoma than 
Kasama (p=0.004).

Only 9(16.4%) out of 55 participants who had impaired fas-
ting glucose level or diabetes were ever told by a doctor 
or other health worker that they had raised blood sugar or 
diabetes. Of these 9 participants, 5 were on insulin, 7 took 
drugs for diabetes past two weeks prior to the survey, 7 were 
advised to lose weight, 6 were advised to stop smoking, and 
all nine participants were advised to be on special diet and 
to start or do more exercises.

Table 2. Factors associated with impaired fasting glucose 
level/diabetes in bivariate analyses stratified by district.

Kaoma Kasama

Factor OR (95% CI) OR (95% CI)

Age group (years)

<45 0.56 (0.39, 0.81) 0.55 (0.33, 0.90)

45+ 1 1

Sex

Male 1.23 (0.88, 1.71) 1.35 (0.85, 2.13)

Female 1 1

Education

None 1.10 (0.66, 1.84) 0.77 (0.28, 2.09)

Primary 0.88 (0.55, 1.41) 1.19 (0.61, 2.34)

Secondary or higher 1 1

Time usually spent sitting or reclining on a typical day 
(hours)

<3.5 0.89 (0.63, 1.26) 0.76 (0.48, 1.22)

3.5+ 1 1

Body mass index (kg/m2)

<18.5 0.95 (0.51, 1.77) 0.57 (0.20, 1.65)

18.5-24.9 0.50 (0.28, 0.89) 0.83 (0.38, 1.85)

25.0-29.9 0.75 (0.29, 1.91) 1.20 (0.36, 4.00)

30+ 1 1

Alcohol consumption

Yes 0.93 (0.64, 1.35) 0.87 (0.53, 1.41)

No 1 1

Smoked

Yes 1.00 (0.45, 2.23) 1.32 (0.47, 3.71)

No 1 1

Heart rate (beats per minute)

<60 0.87 (0.38, 1.98) 1.49 (0.55, 4.05)

>90 1.30 (0.66, 2.56) 1.30 (0.63, 2.66)

60-90 1 1

Cholesterol (mmol/L)

<5.2 - 0.61 (0.29, 1.28)

5.2+ 1

Hypertension

Yes 1.29 (0.91, 1.82) 1.60 (1.02, 2.53)

No 1 1
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In bivariate analyses (Table 2), age and BMI were significantly 
associated with impaired fasting glucose level in Kaoma. 
Meanwhile, age and hypertension were significantly associa-
ted with impaired fasting glucose level in Kasama. However, 
in multivariate analysis, only age was significantly associa-
ted with impaired fasting glucose level in both Kaoma and 
Kasama districts. Participants aged less than 45 years were 
less likely to have impaired fasting glucose level compared to 
those aged 45 years or older (OR=0.56, 95% CI [0.39, 0.81] 
in Kaoma, and OR=0.55, 95% CI [0.33, 0.89] in Kasama). 

Discussion

In this population based survey, 4.1% (5.1% of males and 
3.4% of females) of the participants in Kaoma and 1.8% 
(2.4% of males and 1.3% of females) of the participants in 
Kasama had impaired fasting glucose level. Age was indepen-
dently significantly associated with impaired fasting level in 
both districts. The rate of 4.1% of impaired fasting glucose 
level observed in Kaoma compares with the rate found in Lu-
saka of 4.0% [4]. Kaoma is located in Western province that 
had incidence of poverty estimated at 65%, while Lusaka had 
incidence of poverty estimated at 57%. Meanwhile, incidence 
of poverty for Northern province where Kasama district was 
located was estimated at 81% [16]. It was expected that the 
prevalence of impaired fasting glucose level to be higher in 
Kasama than in Kaoma and Lusaka. The observations in the 
current study and in Lusaka contradict the observation by 
Seligman et al [18] who observed that food insecurity was 
associated with diabetes. The difference in prevalence rates 
for diabetes in Kaoma and Kasama may partly be due to 
regionally-specific rural cultural norms that can undermine 
health [19, 20]. Higher prevalence of impaired fasting gluco-
se level has also been reported in Northern Sudan of 9.9% 
among males and 7.5% among females [21]. 

In the current study, impaired fasting glucose level was as-
sociated with older age groups. Similarly, Elbagir et al. [22] 
and Ramaiya et al. [23] reported that age was significantly 
associated with higher rates of diabetes. Development of dia-
betes starts at younger ages [24], and control of diabetes in 
older age groups should be tailored at younger age groups.

Limitations

Despite that the study was highly powered given the lar-
ge sample sizes, there are some limitations that should be 
highlighted. Firstly, as a cross sectional study, causation can-
not be inferred to observed associations. More cases of dia-
betes and individuals with impaired glucose levels might not 

have been identified because impaired glucose test was not 
conducted. Hence, the observed prevalence of impaired fas-
ting glucose level might have been underestimated. Lastly, it 
was not ascertained whether participants fasted before glu-
cose readings were taken. 

Conclusions

The prevalence of impaired fasting glucose level varied bet-
ween the two rural districts in this study. Interventions to 
control diabetes should be district specific and targeted at 
younger age groups in order to prevent diabetes occurring 
in older age groups.
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