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Abstract 
Background: Diabetes is a chronic disease of a genetic and environmental 
background. If it is not diagnosed and controlled early, it can have devastating 
complications. Aim: Measure and analyze the prevalence and risks of predia-
betes and diabetes among recruits enlisted in the Wadi Al-Dawasir (WD) mil-
itary zone, central Saudi Arabia. The influence of some demographic criteria, 
weight, and blood pressure upon blood glucose level would be evaluated. Me-
thods: A cross sectional design was utilized, whereas predesigned question-
naire and clinical interview were used to screen the study population. Results: 
The participants’ median age was 33.7 (IQR 11.9), mean body mass index 
(BMI) was 27.6 ± 5.4 kg/m2. Out of 531 recruits screened, almost two-thirds 
were either overweight (34.7%) or obese (29.9%). The mean waist circumfe-
rence (WC) was 94.7 ± 13.3 cm; and 27.9% had central obesity (WC ≥102 
cm). Random plasma glucose (RPG) median accounted 106 mg/dl (IQR 21). 
The participants’ RPG levels significantly increased by age (U = 19697.0), 
by BMI [H(df 5) = 59.6], and by WC (U = 25,670.5), (p < 0.0001, all tests). 
Likewise, systolic blood pressure and RPG levels were significantly correlated 
[rho(df 503) = 0.241, p < 0.0001]. Furthermore, 29 (5.6%) subjects had RPG 
≥200mg%: 23 (4.3%) known diabetic (uncontrolled) and 6 (1.3%) undiag-
nosed (pre-diabetes). Known diabetics tended to record higher RPG values 
than non-diabetics (U 3515, p < 0.0001). Weight did not influence the devel-
opment of overt diabetes or prediabetes conditions. Yet known diabetics were 
prone to recording higher BMI (>25 to ≥40 kg/m2) more than normal subjects 
[46 (87%) vs. 5 (0.9%)], [χ2(df 5) = 18.8, p < 0.0001]. Conclusions: Predia-
betes and uncontrolled diabetes are relatively prevalent among Saudi recruits’ 
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community. An insufficient influence of obesity for developing diabetes symp-
toms in the study population may well be attributed to time factor separating 
the two variables. A preventive approach to revert the predisposition of pre-
diabetes in WD recruits population is quite promising. 
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1. Introduction 

Diabetes is one of the five leading causes of death worldwide. According to the 
International Diabetes Federation (IDF), in 2015 some 415 million people 
worldwide, or 8.8% of adults aged 20 - 79, were estimated to have diabetes; in-
cluding 193 million undiagnosed [1], and with nearly equal rates in both women 
and men [2]. In type 2 diabetes, a metabolic disorder in the context of insulin re-
sistance and relative insulin deficiency leads to the elevated blood glucose level 
[3]. An increase of exercise and dietary modification is part of the management 
of type 2 DM [4]. A combination of lifestyle and genetic factors plays a strong 
role in the development of this disease. In one study, those who had high levels 
of physical activity (PA), a healthy diet (one high in fiber, with a high polyun- 
saturated to saturated fat ratio, and a lower mean glycemic index), did not 
smoke, and consumed alcohol in moderation had an 82% lower rate of diabetes 
[5]. When a normal weight was included, the rate was 89% lower. While about 
55 percent of type 2 diabetes patients are obese at diagnosis [6] [7], chronic ob-
esity leads to increased insulin resistance that can develop into type 2 diabetes, 
most likely because adipose tissue, (especially the intra-abdominal) is a source of 
hormones and cytokines. Clinically, obesity can be expressed in terms of body 
mass index (BMI), waist circumference (WC), and waist-to-hip ratio. The three 
measurements have been shown to be associated with type 2 diabetes [8]. The 
central obesity (approximated by WC) with the diabetogenic substances gener-
ated is often perceived as being more informative; yet because of their high cor-
relation, BMI and WC are unlikely to yield different answers [8]. In a retrospec-
tive study on the use of WC to predict insulin resistance on a sample of 2746 
healthy volunteers, WC <100 cm excluded individuals (both sexes) from the risk 
of being insulin resistant [9]. That in mind, WC can still replace BMI, waist-to 
hip ratio, and other measures of total body fat as a predictor of insulin resistance 
in human body. On the other hand, type 2 diabetes may cause obesity as an ef-
fect of the changes in metabolism and other deranged cell behavior attendant on 
insulin resistance [10]. 

Risk factors for DM and chronic hyperglycemic conditions: Medical con-
ditions, such as hypertension (HTN) and elevated cholesterol (combined hyper-
lipidemia) [11] can potentially give rise to, or exacerbate, type 2 diabetes. Addi-
tional factors found to increase the risk of type 2 diabetes include aging [12] and 
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a less active lifestyle [13]. Important, too, is that environmental factors together 
with a genetic predisposition, plays a pivotal role in the development of type 2 
diabetes. For instance, a positive correlation has been found between the con-
centration in the urine of bisphenol-A, a plastic constituent, and the incidence of 
type 2 diabetes [14]. The combined environmental-genetic influence on devel-
oping type 2 DM can be evidenced, e.g., from the adoption of epidemiological 
pattern of type 2 diabetes in those who have moved to a different environment 
as compared to the same genetic pool that have not, e.g., immigrants to Western 
countries, as compared to lower incidence countries of origins [15]. Such devel-
opments can also be found in environments which have had a recent increase in 
social wealth, increasingly common throughout Asia, including the oil countries. 
Ethnicity-wise, too, some type-2 diabetes groups are affected differently, proba-
bly due to unique risk factors. For example, African Americans have a 12-fold 
greater prevalence than black natives of Africa [16]. Overall, diabetes remains to 
be an expanding global health crisis that the world prevalence of diabetes, age 20 - 
79, was 6.4%, affecting 285 million in 2010, and expectedly increasing to 7.7% 
(439 million) by 2030. Between 2010 and 2030, there will be a 69% increase in 
numbers of adults with diabetes in developing countries and a 20% increase in 
developed countries [17]. 

Risks and burden of diabetes in the Kingdom of Saudi Arabia (KSA): In 
the Kingdom of Saudi Arabia (KSA), the major epidemiologic features of di-
abetes are not departure from that widely seen worldwide. Like other oil-rich 
countries, leaving behind the physically demanding life of the desert for air-con- 
ditioned comfort, servants, fast food and meat based dishes replacing fiber rich 
foods, KSA struggles with obesity and diabetes. About 60% of the Saudi popula-
tion is now overweight (BMI 25 - 30, all ages); the older the age the greater BMI 
[18]. In turn, BMI can be a sedentary lifestyle to worsen by age. Parallelly, the 
prevalence of DM among adult Saudis has reached 23.7%, a proportion that is 
one of the highest in the world [19] [20]. The burden of diabetes upon the Saudi 
society continues to be on the rise; the more newly diagnosed diabetes the more 
population at risk of developing heart disease, stroke, HTN, kidney disease, 
nervous system disease, amputations, visual impairment, and dental disease [21]. 
Knowledge and awareness about diabetes, its risk factors, complications and 
management are important aspects for better control and better quality of life 
(QOL) [22], especially in places where diabetes and related determinants, as in 
KSA, are in escalation. The issue is by the time people are diagnosed with di-
abetes, they frequently have developed severe complications, e.g., retinopathy (a 
microangiopathic process), or ischemic heart disease (IHD) (a macroangiopathic 
process). Thereby, the fact that certain risks, i.e., lifestyle, medical and environ-
mental factors may precipitate diabetes, especially in the genetically predisposed, 
and that diabetes itself leads to consequences, some of which are underlying 
triggers, warrant early intervention to interrupt the circle, and hence control the 
diabetes problem in the community. For instance, HTN can lead to and make 
worse many complications of diabetes, including diabetic eye disease and kidney 
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disease. Most people with diabetes develop high blood pressure during their life, 
mostly because of subsequent atherosclerotic changes. High blood pressure (BP), 
in turn, if not treated, can lead to further blood vessel damage and worsening 
angiopathic-related complications of diabetes, as in aforementioned. Within the 
context of secondary prevention, screening can be an intervention of first choice. 
Internationally, the same concern that almost one-third of people with type 2 
diabetes may be undiagnosed is distressing to health policy planners [23]. Be-
cause blood glucose can rise to diabetic levels with little or nothing in the way of 
symptoms, early detection of diabetes at the national level would lead to meas-
ures to reduce the risk of heart disease, e.g., the use of statins to lower cholester-
ol, the reduction of blood glucose levels initially by diet and exercise, supple-
mented with hypoglycemic drugs, as necessary, and the likes [24]. 

Screening and handling the diabetes problem: Generally, screening in asymp- 
tomatic populations is appropriate when seven conditions are met: 1) the disease 
represents an important health problem that imposes a significant burden on the 
population, 2) the natural history of the disease is understood, 3) there is a re-
cognizable preclinical stage during which the disease can be diagnosed, 4) relia-
ble tests are available that can detect such preclinical stage, 5) treatment after 
early detection yields benefits superior to those obtained when treatment is de-
layed, 6) the costs of treatment are reasonable and are balanced in relation to 
health expenditures, and resources are available to treat newly diagnosed cases, 
and 7) screening will be a systematic ongoing process and not merely an isolated 
one-time effort [25]. For diabetes, conditions 1 - 4 are met. The effectiveness of 
screening also depends on the setting in which it is performed. Should the posi-
tively screened fail to obtain appropriate follow-up care or should appropriate 
retesting for those screened negative is not ensured, the effectiveness of screen-
ing may be compromised [26]. Thereby, the World Health Organization (WHO) 
recommends diabetes screening in some risk groups, including older age cate-
gories [27]. The US Preventive Services Task Force recommend diabetes screen- 
ing in adults without symptoms and whose BP is greater than 135/80 mmHg [28]. 

Screening tools: Generally, a variety of methods, including risk assessment 
questionnaires, and analyses based on the measurement of plasma glucose con-
centration performed on venous samples with enzymatic assay techniques [25], 
for prediabetes screening are in use, e.g., pencil and paper tests, such as the 
American Diabetes Association (ADA) risk test, may be useful for educational 
purposes but do not perform well as stand-alone tests. Prediabetes screening 
analyses include, but are not limited to, fasting plasma glucose (FPG); the 75-g 
oral glucose tolerance test (OGTT), and casual (random) plasma glucose (RPG) 
level [29]. Further, various cutoffs at different healthcare and community set-
tings, including the portable capillary blood assessments, are used. Importantly, 
the presence of a positive prediabetes state indicates a high risk for developing 
DM [29]. The current work was based on the hypothesis that in view of the 
alarming figures of diabetes in Saudi Arabia, priority groups and well defined 
communities e.g., servicemen and recruits in WD may benefit from diabetes 
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screening, and hence be protected from the complications of diabetes through a 
systematic screening to help pursue serving flag with well-maintained health and 
physical fitness. 

2. Methodology 

Wadi Al Dawasir (WD) is a town in Dawasir valley in Saudi Najd desert. It lies 
within the jurisdiction of the Riyadh region, 613 km south of Capital Riyadh. 
According to 2010 Census (http://www.stats.gov.sa/en), WD municipality has 
68,201 populations. The headquarter (HQ) of WD military district, supported by 
the preventive medicine and family medicine departments at Armed Force Hos-
pital at WD (AFHWD), has approved a screening plan to identify the epidemi-
ology of a multitude of chronic disease conditions among recruits. The plan was 
part of a broader “community diagnosis” project to maintain and improve the 
health status of WD military, and civilian, community, adopting screening and 
prevention as most favorable and cost-effective approach. In the first phase of 
the plan (started 2014), the prevalence of some chronic diseases of particular in-
terest to WD populations, including hypothyroidism, cardiovascular disease 
(CVD), bronchial asthma (BA), renal disease, liver disease, sickle cell disease 
(SCD), and malignancy was studied. In the current phase, the prevalence of pre-
diabetes/diabetes, pre-HTN/HTN, obesity, with some associated health trends 
would be assessed. The dataset in this research was focused on RPG status and 
risk factors hypothesized to be related to the development of prediabetes/diabetes, 
namely, age, body mass, central obesity, BP. Major Corps and satellite military 
units, including AFHWD personnel, which comprise the study population, were 
visited. 

Data collection and study population: A validated Arabic-language instru-
ment modified from the “Behavioral Risk Factor Survey” (BRFS) questionnaire 
[30] [31] was employed to cross-section the study population. All recruits en-
listed in WD military zone were invited to the study. All were males. Otherwise, 
no individuals would be excluded due to certain demographic, health, or lifestyle 
criteria. Accordingly all subjects would be included. The questionnaire consists 
of 44 “items” (variables) in five scales: 1) demographic criteria, e.g., age, income, 
marital status, children, education, 2) risk factors, e.g., tobacco use, 3) lifestyle, 
e.g., BMI, PA, 4) chronic diseases, e.g., perceived health status, HTN, DM, and 
5) screening attitude, e.g., lipid profile and colonoscopy screening (for at-risk 
population). The questionnaire takes 25 - 30 minutes to complete. Official ap-
provals from HQ in charge and required local permissions from medical services 
department (MSD) to commence screening were obtained. Also a clearance 
from AFHWD Management was granted. Returned questionnaires reporting va-
lid answers on ≥80% of the items would be admitted to the study. In preparation 
for the study, a pilot administration was conducted to assess the questionnaire’s 
test-retest reliability. Thirty recruits and officers were given the questionnaire to 
respond to (response-a). The same questionnaire was re-administered by the 
same group one week later (response-b). A panel of juries was selected to judge 

http://www.stats.gov.sa/en


R. M. Afifi et al. 
 

17 

the responses; test-retest reliability calculated to assess the temporal stability of 
the utilized utilizing correlation techniques. An acceptable-strong reliability evi-
dence for the questionnaire’s items was found: reliability alphas 0.83 for health 
risks, 0.72 for lifestyle, 0.93 for chronic diseases, and 0.901 for screening tests 
scales. On the field visits, recruit in each unit and location were addressed of the 
plan aim and objectives and furthered with a health education session about 
healthy lifestyle, chronic disease risks and preventive measures to maintain and 
improve health. However participants were informed that enrolment in the 
screening plan was voluntary, and that any participant could opt to withdraw 
any time during the study without any negative implications on their health 
benefits or professional entitlements. Confidentiality of collected information 
and clinical data had been assured, and a signed consent to take part in the 
screening plan was obtained participants. 

Upon completion of the questionnaire, each surveyee was invited to a clinical 
interview. No questionnaire respondent refused the interview. A proforma was 
designed to endorse and follow up collected clinical data. The following physio-
logical measurements were obtained: 1) weight, measured to the nearest of 0.1 
kg on physician balance beam scales, with the subject wearing light clothes and 
with no shoes; all scales were identical and calibrated with a standard InterASIA 
protocol [32], 2) height, measured without shoes to the nearest of 0.1 cm using a 
stadiometer, where BMI (kg/m²) was calculated, 3) WC (cm), measured mid-way 
between the lateral lower ribs and the iliac crest, using tape measure, and 4) RPG 
(mg/dl or simply mg%), by fingertip pinprick method (using Accu-Check® glu-
cometer system from Roche, manufacturer SKU 04528280001, ADM ID: 3231). 
The cutoff for considering prediabetes in this screening was a “RPG level”. as 
described by ADA ≥200 mg/dl (=11.1 mmol/l) with or without symptoms of di-
abetes, and without regard to time of last meal [28]. (Also checked was BP; 
however detailed corresponding data is out of the scope of this work). Patients 
with suspected prediabetes, (uncontrolled DM, or any other health problem), 
were transferred to the family medicine outpatient services in AFHWD for con-
firmatory diagnosis and further management. 

Collected data are meant to address important demographic, physiological, 
and clinical information needed to build up rich database for understanding the 
prevalent epidemiologic profile of our study population. Important study va-
riables included: 1) age, as an interval ratio scale (IRS), 2) annual income (ordin-
al) in Saudi Riyal (SR = $0.27: ≤10,000 - 20,000; >20,000 - <30,000, ≥30,000); 3) 
BMI (kg/m²) (IRS; also ordinal as underweight <20, normal weight 20 - 24.9, 
overweight 25 - 29.9, stage-1 obesity 30 - 34.9, stage-2 obesity 35 - 39.9, morbid 
obesity ≥40) [33] [34]; 4) participation in any PA or exercise other than the reg-
ular job at least once during the last month (yes/no); 5) perceived health status 
(ordinal: excellent, very good, good, fair, poor); 6) ever diagnosed with HTN 
(yes/no); 7) ever diagnosed with diabetes (yes/no); and 8) WC (cm) (IRS; but of-
ten handled as dichotomous <102 cm or >102 cm). (Selected correlates of the 
study’s interest would only be analyzed; the remaining data could be used in fu-
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ture lifestyle studies to evaluate the prevalence of other chronic diseases pur-
suant to these data). 

Statistical analysis plan: The statistical analysis approach principally en-
compassed descriptive statistics and inferential statistics. The latter may be envi-
sioned from the angle of the effect of hypothesized demographical and physio-
logical risks on RPG as an IRS, as a whole (mean or rank) and their specific ef-
fects on the development of prediabetes/diabetes (see inferential statistics be-
low). Nomino-ordinal data, e.g., income or WC groups, would be summarized 
in tables as count (%). Also IRS data, e.g., age and systolic BP (SBP) would be 
summarized as mean ± standard deviation (SD), or median and interquartile 
range (IQR), where appropriate, (based on normality distribution, which in turn 
could be assessed by one-sample Kolmogorov-Smirnov [K-S] test); and range 
(minimum-maximum). Based on the outcome variable nature, the analytical sta-
tistical plan was laid as follows: the outcome variable was set in two forms, a 
quantitative form which is RPG as an IRS, and a qualitative form as dichotom-
ous RPG <200mg% and RPG ≥200mg%. The quantitative form would be consi-
dered an intermediate outcome (dependent) variable, while the qualitative form 
represents the study’s final dependent variable. In intermediate-variable form 
analysis stage, we were interested in examining the effect of hypothesized risk 
factors (age, BMI, income, SBP) on RPG level as a whole; not necessarily the de-
velopment of diabetes/DM. That selected correlates, but income, were reported 
first-hand IRS in proforma, the correlation between these variables and RPG 
could first be attempted. (NB. Spearman’s correlation would be calculated, all 
the way, since some of those IRS variables might have fulfilled the normality as-
sumption and others might have been skewed). At the same time, the effect of 
these correlates on the variability in the level of RPG (as IRS) can be attempted, 
using statistical parametric techniques (PMTs) or non-PMTs, where appropri-
ate. For example, t-test could be used to compare the mean difference in RPG 
levels among age groups or among WC groups, assuming normality distribu-
tion; otherwise, NPMT alternative Mann-Whitney U test would be more appro-
priate. Likewise, the mean differences in RPG in one of the risk variable which 
has three or more levels, e.g., income and BMI, could be analyzed using analysis 
of variance (ANOVA) test, or NPMT alternative Kruskal-Wallis test, where ap-
propriate (based on normality/skewedness assumption). 

In the second phase of analysis, we would want to examine the effect of the 
risk factors on RPG as a frank diabetes/prediabetes disease state, (i.e., categorical 
variable), in which case cross-tabulation, as in chi-square test (or Fisher’s exact 
test, where appropriate) would be most optimum. The outcome variable nature 
and design as in above gives this research the privilege of early detection of risks 
related with the tendency for blood glucose elevation among our study popula-
tion and those risks could be dealt with, allowing ample downtime until overt 
diabetes states are put in place. The SPSS software for Microsoft-version-20 was 
used for statistical analyses. Our level for tolerating alpha error was α = 0.05; re-
sults with p-values <0.05 were deemed “statistically significant”. 
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3. Results 

In Table 1(a), 531 servicemen turned in valid questionnaire responses; their 
median age was 33.7 y (IQR 11.9). The most frequently reported income category 
(66.3%) was <SR10,000 - 20,000 (n = 352). Most recruits (81.8%, n = 431) were 
married. The participants’ BMI averaged 27.6 ± 5.4 Kg/m2, which falls within 
overweight range (25 - <30 Kg/m2), and had a range of 38.4 Kg/m2 (minimum 
15, maximum 53.4) (Table 1(b)). Categorized by BMI, it was found that almost  
 
Table 1. (a) Distribution of participants’ demographic criteria (n = 531)*. (b) Distribu-
tion of participants’ physiological criteria (n = 531). 

(a) 

Characteristic n % Notes 

Age (y) 
Median (IQR): 33.7 (11.9) 

Range: 20 - 53 
------- -------- 

Skewed 
(K-S: Z = 2.1, p = 0.01) 

Income level (SR) 
<10,000 - <20,000 
>20,000 - <30,000 

≥30,000 

352 
167 
12 

66.3 
16.7 
2.3 

 
 

Marital status 
Single 

Married 
81 
431 

15.2 
81.1 

Missing 19 

*Rank: 504 (95%) recruit: 462 (87%) private, 42 (8%) commissioned officer, 21 (4%) officer. Missing: 6 
(1.1%). 

(b) 

Characteristic n % Notes 

BMI 
(Kg/m2) 

Mean ± SD: 27.6 ± 5.4 
Range: 38.4 (15 - 53.4) 

--------- 
--------- 

--------- 
--------- 

Missing 12 
Normal distribution 

(K-S: Z = 1.0, p = 0.27) 

 <20) (underweight) 
20 - <25 (normal) 

25 - <30 (overweight) 
30 - <35 (obesity-1) 
35 - <40 (obesity-2) 

 ≥40 (morbid obesity)  

33 
143 
185 
119 
28 
11 

6.3 
27.0 
34.7 
22.4 
5.4 
2.1 

WC (cm) 

Mean ± SD: 94.7 ± 13.3 
Range: 82 (62 - 144) 

<102 
≥102 

--------- 
--------- 

369 
148 

--------- 
--------- 

69.5 
27.9 

Missing 14 
Normal distribution 

(K-S: Z = 1.04, p = 0.23) 

Smoking 
Current smoker 

Nonsmoker (never + quit) 
Mean duration ± SD (y) 

83 
395 (363 + 32) 

11.6 + 4.5 

15.6 
74.4 

(68.4 + 6.0) 
Missing 53 

SBP (mmHg) 

Median & (IQR): 120 (20) 
Range: 90 - 188 

<140-No H/O HTN 
<140-H/O HTN 

≥140-No H/O HTN 
≥140-H/O HTN 

--------- 
--------- 

396 
57 
42 
21 

--------- 
--------- 

74.6 
10.7 
8.0 
4.0 

Missing 15 
Skewed 

(K-S: Z = 3.6, p < 0.0001) 
Pre-HTN 

Uncontrolled 

RPG level 
(mg/dl) 

Median & (IQR): 106 (21) 
Range: 70 - 429 

<200 No H/O DM 
<200-H/O DM 

≥200-No H/O DM 
≥200-H/O DM 

--------- 
--------- 

452 
26 
6 
23 

--------- 
--------- 

85.1 
4.9 
1.3 
4.3 

Missing 24 
Skewed 

(K-S: Z = 4.6, p < 0.0001) 
Prediabetes 

Uncontrolled 



R. M. Afifi et al. 
 

20 

two-thirds (64.6%; n = 343) were overweight—up to morbidly obese: 185 (34.7%) 
overweight, 119 (22.4%) first degree obesity, 28 (5.4%) second-degree obesity, 
and 11 (2.1%) morbid obesity. From the central obesity standpoint, the mean 
WC of recruits was 94.7 ± 13.3 cm, range 82 (62 - 144). Less than one-third 
(27.9%) of recruits had WC ≥102 cm. The participants had a median RPG level 
106 mg/dl (IQR 21); and most recruits (85.1%; n = 452) had RPG below predia-
betes/DM level. 

Otherwise, 6 (1.3%) participants who had no history of DM and who were not 
aware of their blood glucose status had RPG ≥200 mg/dl, i.e., “prediabetes”. A 
higher proportion (4.3%; n = 23) were known diabetics but sustain abnormally 
high RPG levels. i.e., “uncontrolled”, and another 4.9% (n = 26) were known di-
abetics but sustained RPG <200 mg (“controlled”). The median SBP of recruits 
was 120 mmHg (IQR 10). Most (74.4%; n = 395) recruits were non-smokers 
(Table 1(b)). 

As per the analysis plan, Table 2 exhibits the relationship between the hy-
pothesized correlates reported IRS first-hand and RPG level-IRS; all had rather 
weak, yet significant correlation with RPG; least was income [rho(df 503) = 0.118], 
highest WC [rho(df 516) = 0.293] (p < 0.001 all). 

A strong correlation between BMI and WC was observed [rho(df 518) = 
0.873, p < 0.0001] (Table 2). Importantly, age was strongly correlated with all 
the risks, including WC, BMI, and SBP. In the same round of statistics, the dif-
ferences in the levels of RPG among the selected risk categories were calculated 
(Table 3). All analyses were found statistically significant. For instance, the dif-
ference in RPG levels between BMI subcategories were significant [H(5) = 59.6, 
p < 0.0001]; thereby, BMI influences variability in RPG levels in the study group, 
so that the higher the age the higher the RPG. Both age and waist circumference 
also significantly influenced the variability in the calculated RPG levels [U = 
19,697.0, p < 0.001; U = 25,670.5, p < 0.0001, respectively]. Income, too, had a 
significant influence on RPG variation [H(2) = 8.8]. Although the relationship  
 
Table 2. The relationship between RPG and hypothesized risks: Correlation. 

  RPG SBP BMI WC 

Age (y) 

Correlation coefficient 0.226 0.256 0.306 0.374 

Sig. (2-tailed) <0.0001 <0.0001 <0.0001 <0.0001 

n 518 519 520 510 

SBP (mmHg) 

Correlation coefficient 0.241 ------ 0.370 0.349 

Sig. (2-tailed) <0.001 ------ <0.0001 <0.0001 

n 528 ------ 530 519 

BMI (kg/m2) 

Correlation coefficient 0.253 ------ ------ 0.873 

Sig. (2-tailed) 0.0001 ------ ------ <0.0001 

n 529 ------ ------ 520 

WC (cm) 

Correlation coefficient 0.293 ------ ------ ------ 

Sig. (2-tailed) <0.0001 ------ ------ ------ 

n 518 ------ ------ ------ 
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between BMI categorized and RPG was not straight-line positively proportionate 
throughout the comparisons, the highest BMI (≥40 Kg/m²) had the maximum 
influence on RPG ranking (mean rank 351.41). Similar fluctuation in the rela-
tionship between income and RPG was observed; however low and mid-level 
income (SR <10,000 - 20,000 and >20,000 - <30,000) were associated with rela-
tively higher RPG levels than highest income (SR (≥30,000) category (mean rank 
239.7, 280.5, and 236.3), respectively). Importantly, those who were reportedly 
diabetic in the questionnaire significantly had higher RPG than non-diabetic 
counterparts [U = 3515, p < 0.0001]. 

Table 4 shows the concordance between the RPG findings and the partici-
pants’ awareness of their blood glucose condition, as reported in their response  
 
Table 3. Distribution of RPG level (mean or rank) by age, BMI, WC, and DM. 

Category n PG (mg/dl)* Test statistic p-value 

Age (y)** 
<40 390 246.01 

U = 19697.0 <0.0001 
≥40 128 300.6 

Total 518  

H(2) = 8.8 0.012 

Income (SR)** 

<10,000 - 20,000 237 239.7 

>20,000 - <30,000 166 280.5 

≥30,000 12 236.3 

Total 505    

BMI (Kg/m²)† 

<20 33 236.76 

H(5) = 59.6 <0.0001 

20 - <25 146 204.99 

25 - <30 188 277.14 

30 - <35 122 308.28 

35 - <40 28 297.73 

≥40 11 351.41 

Total 528    

WC (cm)** 
<102 288 223.6 

U = 25,670.5 <0.0001 
≥102 127 288.9 

Total 515    

History of DM** 
Negative 458 223.2 

U = 3515.0 <0.0001 
Positive 49 411.3 

Total 507    

*Mean/rank. **Mann Whitney test. †Kruskal-Wallis test. 

 
Table 4. RPG screening results for DM-response groups: Cross-tabulation. 

Category 

Diabetes mellitus awareness status 

Test statistic p-value Diagnosed* Undiagnosed Total 

n % n % n % 

RPG ≥200mg% 23† 4.3 6 1.3 29 5.6 

χ²(1) = 68.2 <0.0001 RPG <200mg% 26˦ 4.9 452 85.1 458 90 

Total 49╡ 9.2 458 86.4 507 95.7** 

*% Diagnosed: †47%; ˦53%; ╡12.3%. **Missing 24 (4.4%). 
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to the respective questionnaire items. Forty-nine subjects (9.2%) were previously 
diagnosed diabetics (“aware”) of their BG condition, 26 (4.9%) of whom have 
RPG <200 mg (controlled), and 4.9% have RPG ≥200 mg (uncontrolled). On the 
other hand, 6 (1.3%) of subjects had RPG ≥200 mg and they were unaware of 
their glycemic condition (prediabetes) (can also be called “undiagnosed” or 
“newly diagnosed”) [χ²(1) = 68.2, p < 0.0001]. Overall, the diabetes/prediabetes 
group totaled 55 (10.5%) subjects, including 23/55 (47%) aware and uncon-
trolled (RPG ≥200 mg), 26/55 (53%) have RPG <200 mg (controlled), and 6/55 
(12.3%) newly diagnosed (prediabetes) (Table 4, footnote). 

In the second phase of analysis, the prevalence of the ultimate research outcome, 
which is prediabetes/diabetes, among the study population was examined. The 
association between study correlates and the RPG-categorized <200 mg/dl and 
RPG ≥200 mg/dl was analyzed. In Table 5, age, income, and SBP were signifi-
cantly related to the development of prediabetes/diabetes; BMI was not. For in-
stance, recruits 40 or older were almost three-times prone to developing RPG ≥200 
mg/dl than younger peers (3.6%, n = 19 vs. 1.9%, n = 10), [χ2(df 1) = 27.5, p < 
0.0001]. Also lower income recruits were more likely to reporting RPG ≥200 
mg/dl levels than higher income peers (2.3%, n = 12, 2.8%, n = 15, and 0.2%, n = 
1, respectively). The tendency for recording high BMI levels (>25 and ≥40 kg/m2 
among those with reported history of DM was higher than with recording normal  
 

Table 5. Influence of the hypothesized risks on the development of overt prediabetes/DM disease conditions among the study 
group: Cross-tabulation. 

Category 
RBG Category 

Test statistic p-value 
<200 mg/dl n (%) ≥200 mg/dl n (%) Total 

Age (y) (Missing 23) 

<40 380 (71.6) 10 (1.9) 390 (73.5) 
χ2(df 1) = 27.5 <0.0001 

≥40 109 (20.5) 19 (3.6) 128 (24.1) 

Total 489 (92.1) 29 (5.5) 518 (97.6)   

Income (SR) (Missing 26) 

<10,000-20,000 315 (59.3) 12 (2.3) 327 (61.6) 

Fisher’s exact =6.5 0.036 >20,000-<30,000 151 (28.4) 15 (2.8) 166 (31.3) 

≥30,000 11 (2.1) 1 (0.2) 12 (2.3) 

BMI (kg/m2)* (Missing 3) 

Total 477 (89.8) 28 (5.3) 505 (95.1) 

Fisher’s exact =7.6 0.131 

<20 32 (6.0) 1 (0.2) 33 (6.2) 

20-<25 143 (26.9) 3 (0.6) 146 (27.5) 

25<30 174 (32.7) 14 (2.6) 188 (35.3) 

30<35 113 (21.3) 9 (1.7) 122 (22.9) 

35<40 25 (4.7) 3 (0.6) 28 (5.3) 

≥40 11 (2.1) 0 (0.0) 11 (2.1) 

Total 498 (94.3) 30 (5.7) 528 (99.4)   

SBP (mmHg) (Missing 3) 

<140 448 (84.4) 19 (3.6) 467 (88.0) 
Fisher’s exact =15.8 <0.0001 

≥140 51 (9.6) 10 (1.9) 61 (11.5) 

Total 499 (94.5) 29 (5.5) 528 (99.3)   

*Waist circumference (WC) was not significantly associated with RPG categorization [χ2(df 1) 2.04, p = 0.15]. Known diabetics: associated with BMI >25 & 
≥40 more frequently than BMI <25 kg/m2 (46 v. 5) [χ2(5) 18.8, p < 0001]. 
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BMI levels [46 (87%) vs. 5 (0.9)] [χ2(5) = 18.8, p < 0.0001] (Table 4 footnotes). 
Participants in the lower SBP category (<140 mmHg) tended to record signifi-
cantly higher frequency of RPG ≥200 mg/dl than those who have SBP ≥140 
mmHg (3.6, n = 19 vs. 1.9, n = 10) [Fisher’s exact =15.8, p < 0.0001] (Table 5). 

4. Discussion 

The current study is part of a multiphase screening plan to determine important 
chronic health problems and risks among servicemen in WD, central KSA. The 
principal research question was centered on identifying whether the glycemic 
status of recruits meets acceptable health standards at any times during the 
course of their mission. Thereby, the study population was cross-sectioned to get 
a snapshot at random, and hence delineate the confounding effect of time and 
any planned arrangements on the ultimate glycemic picture strove. And that is 
why we were inclined to adopting RPG as an appropriate measure to achieve re-
search goal. The simplicity, minimal invasiveness, low cost, and timesaving RPG 
measurement allows through pinprick technique, all encouraged exercising this 
opportunity with confidence. In experiment, we advocated the internationally 
accepted standard set by ADA for RPG utilization, i.e., cutoff for considering 
prediabetes of RPG ≥200 mg/dl (11.1 mmol/l) (regardless the presence of DM 
symptoms time of last meal) [28]. In literature, studies were conducted to de-
termine the prevalence of diabetes mellitus, its associated risks in the Saudi pop-
ulations [19] [35]. Yet, limited surveys were done in the military setting, and 
most of which were either in the perioperative or surgical settings [36] [37] [38]. 
However, a study by Afifi et al. (2015) [39] was conducted to analyze correlates 
of diabetes and prediabetes among recruits in Taif military zone, west Saudi 
Arabia was retrieved. 

Body weight, mass, size risk measures and glycemic state: In practice, WC 
has been widely used to endorse the presence of “central obesity”, which is a pi-
votal factor contributing to insulin resistance, due to the ability to generate di-
abetogenic substances [9]. Yes, BMI and WC are highly correlated, and hence 
unlikely to disagree in reflecting obesity status [8]; however, in some circums-
tances where obesity assessed by BMI may be rather masked, e.g., by excessive 
height in taller persons, both measures may be used to neutralize the effect of 
any interfering confounding. Different cut-off points for obesity, ranging from 
78 cm, as in assessing some male Asian populations with one or more cardi-
ovascular risk factors and for identifying those with a BMI above normal [40] to 
102 cm, which is the generally international cutoff for male obesity (and 88 cm 
for obesity in females), have been in use, based on ethnicity, risk profile, anth-
ropometric and demographic traits, as well as the prevailing dietary behavior. 
For instance, 102 cm is considered an obesity limit in MENA (Middle East and 
North African) region [41] while lower cutoff (94 - 100 for men and 80 - 88 for 
women) [42] are often adopted in Europe, and so forth. In the study on meta-
bolic disorders among Swedish population, Wahrenberg et al. [9] deployed both 
BMI and WC to measure the relationship between metabolic syndromes and in-
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sulin sensitivity in the studied population. Wahrenberg et al. used 100 cm (both 
sexes) as a cutoff of interest, whereas WC could explain more than 50% of the 
variability in insulin sensitivity alone. Also, type 2 diabetes may itself cause ob-
esity as an effect of the changes in metabolism attendant on insulin resistance 
[10]. Due to all those reasons, perhaps it is logic to introduce WC to risk beha-
vior survey measures targeting populations of culture and ethnic origins. In this 
work, we utilized both BMI and WC in evaluating hyperglycemic risks in the 
study community. And especially central obesity would be particularly impor-
tant to explore in order to further assess DM risks in a society such as the Saudi’s 
struggling with weight and diabetes problems presently and probably for years to 
come. To the best interest of this research, too, a strong correlation between BMI 
and WC was found, which potentiates any proportional association between 
body weight or size and hyperglycemic syndromes studied. 

The awareness of having diabetes failed to motivate affected subjects to sus-
tain adequate control of blood glucose level. The difference in the frequency of 
subjects with prediabetes/diabetes, either controlled or uncontrolled and wheth-
er they were aware of their BG condition, and peers with RPG <200 mg/dl is in 
favor of the latter. This may be more or less reassuring, especially that the gener-
al RPG pattern classifies our participants into the normal physiological BG range 
(median 106 mg/dl, IQR 21). However, the approximate equality in the fre-
quency of uncontrolled diabetes cases (4.3%, n = 23) who are aware of their DM 
condition and those who are rather controlled and also aware they have DM 
(4.9%, n = 26) is rather worrying. Simply this means that the awareness of one’s 
BG condition failed to protect them against hyperglycemia. More seriously 
would be to envision this failure from the angle of diabetes management policy 
in place, since diabetic patients could be kept in a rather safe BG window only 
50% of the time. Now, assuming the presence of an adequately planned diabetes 
control and follow up by the offered health care services, the high RPG pattern 
found in diabetic recruits could imply an inadequate health behavior or perhaps 
poor compliance to prescribed treatment protocols, including oral hypoglycemic 
and other lines of treatment [24]. Other explanations for the discrepancy be-
tween adequacy of DM management policy and any unfavorable health outcome 
can be attempted. For instance, improperly high plasma glucose (IHPG) in di-
abetics often accompanies comorbid conditions, such as infection, stress or other 
health challenges. All these scenarios ascertain the need to keep our diabetic 
group under close surveillance and guidance by an efficient health education 
plan in order to reduce fluctuation of plasma glucose level; accordingly any ad-
vance to the distressing angiopathic complications could be postponed [39]. 
Adopting an integrated diabetes management strategy which appreciates the role 
of continuous patient and family education and close follow up bridges the gap 
between policy and the health outcomes, e.g., in terms of better glycemic control 
in diabetic patients, body mass and abdominal size, and glucose level monitoring 
at different age phases of our community. 

When we were first hypothesizing for this research, we did not expect to get a 
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direct temporal cause-effect relationship between BP as a risk exposure and 
hyperglycemia as an outcome. However we were willing to understand the pre- 
sence of a form of correlation between the two conditions. In other words, a 
temporal relationship where pre-HTN or HTN predisposes DM was not an op-
tion. In fact the opposite could have been more of a concern. It is well docu-
mented that DM is associated with a variety of small and large blood vessel dis-
ease, which plays a role in developing a myriad of body organ pathologies, in-
cluding nephropathy, retinopathy, CVD and elevated BP. In a study on HTN 
and type 2 DM, tight control of BP significantly reduced risks of deaths and 
vasculopathic complications related to diabetes [43]. To this end, we may learn 
from this research through the significant correlation between SBP and RPG that 
IHPG can be risk for developing pre-HTN/HTN. (Studying the underlying de-
terminants which may influence this relationship is among the current WD 
community diagnosis project and a study with this focus is underway). 

In Osaimi and collaborates (2007) work to determine the prevalence and CVD 
risks in a suburban community in eastern Riyadh district, KSA, [35] 71/451 
(15.8%) of those surveyed had type 2 diabetes vs. 10.5% of subjects in our study. 
Furthermore, 59/71 (83%) of east Riyadh diabetic population was previously di-
agnosed vs. 49/55 (89%) of our study peers. Among known diabetics, only 17/59 
(28.8%) were controlled vs. 26/49 (53%) sustaining RPG <200mg% in this re-
search. Lastly, 12 individuals (1.7% of total study population and 10.9% of all 
diabetics) in east Riyadh survey were newly diagnosed, compared to 6 (1.3% of 
total and 10.9% of diabetes/prediabetes) newly diagnosed recruits in WD. 
Moreover, the rate of uncontrolled PG in Osaimi et al. was 42/59 (71.2%) vs. 
23/49 (47%) in WD. Both rates are undesirable, but the situation in Osaimi et al. 
population is much direr. Apparently, Osaimi et al. figures reflect a less favorable 
diabetes picture, in terms of prevalence, control measures, and screening out-
come. A multitude of factors could be behind this difference; for instance, using 
RBG cutoff perhaps permitted a wider glycemic span for our study group and 
hence a larger number of individuals within this range could be categorized 
within “normal” PG spectrum. Some may argue that RPG with as “high” as 
200mg% glucose cutoff compromises test specificity (incurring a higher “false 
negative” to higher “true positive” result) in favor of magnifying test sensitivity. 
The debate about the most appropriate tools in diagnosing glycemic levels arises 
from time to time in the research community. However, most concerned inter-
national organizations, such as the WHO, and other reputed professional and 
regulatory organizations, such as ADA, and peer-reviewed research, ascertain a 
high level of validity and reliability of RPG with the designated 200 mg/dl cutoff, 
as comparable to laboratory glucose measurement [29] [44] [45]. On our part, 
we still argue that the difference in the two studies may well be due to a genuine 
difference in the risk-outcome profile of the two populations, e.g., lifestyle, 
healthcare or preventive service standard, not just the confounding effect of de-
mographic criteria of the two study populations. Instead, rather head-to-head 
comparison with the study by Afifi et al., 2015 [39] could be attempted, espe-
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cially since both studies share common setting and some objectives. In afifi et al. 
study, recruits were screened to determine risks and prevalence of prediabetes/ 
diabetes in Taif, west KSA military suverinity. The authors in Taif screening re-
ported that 28/117 (23.9%) had diabetic-level RPG, almost triple our rate (10.5%). 
Out of those screened hyperglycemic, 60.7% (17/28) were previously diagnosed, 
equals up to one and a half times the rate of our study’s previously diagnosed 
diabetic (49/55 = 89%). Among the diagnosed in Taif, only 3/17 (10.7%) recruits 
were controlled, compared to 26/49 (53%) in WD recruits. The rate of newly di-
agnosed among all diabetics in Taif study mount to 11/28 (39.3%), almost a 
quadruple the rate of screening prediabetes in WD military community (6/55 = 
10.9% all diabetics, and 1.3% of study population). Obviously, the prevalence of 
diabetes and related risks and outcome statistics in WD are remarkably lower 
than those in the western zone study. In the comparison, Taif study recruits me-
dian age was 42 y (IQR 5), compared to 33.7 y (IQR 11.9) in ours’, since their 
study tended to include recruits 40 and above. (Those people were not well 
represented in a preceding risk behavior survey in Taif military district) [29]. 
Also, the anthropometric criteria in Taif were higher than ours, e.g., mean BMI 
30 ± 13 cm vs. 27.6 ± 5.4; and WC 100.2 ± 10 cm vs. only 94.7 ± 13.3 cm, re-
spectively in WD. Ultimately, Taif recruits bear greater diabetes risks load; how-
ever such higher glycemic risk indices cannot be attributed to age alone. Just as 
those in the Riyadh study comparison, [35] factors specific to WD military 
community, e.g., lifestyle, could play an important role in assuring better envi-
ronment for a different diabetes outcomes in these communities. Merit of such 
outcomes should be motive to explore the positive side of WD recruits’ epide-
miology and the preventive and therapeutic health service package offered, to 
maximize; and further analyze the negative sides and then develop strategies to 
bridge the diagnosed gap. 

Risk factors and the study population’s glycemic profile: Regardless whether 
there was a high tendency for IHPG, both the nature of the disease in question (a 
disease of complications) and the surveyed population (men in uniform) are so 
sensitive to the degree that even a mild deviation from the most desirable health 
status could give reason for concern. The WC profile (94.7 ± 13.3 cm) in this 
work could be a strong factor for non-insulin resistance [9]. However, WC is not 
the only factor to impact RPG found. For instance, the correlation between our 
cohort’s WC and age is comparable to the finding from a study on DM in 2004 
on Saudis [19], which showed that age was risk to prediabetes. In turn, predia-
betes could progress to DM, probably in as high as 50% of cases, if lifestyle 
changes were not made [46]. Ever since, an escalating diabetes problem with a 
concurrent comorbidity profile in Saudi Arabia was reported. In a large-sample 
screening to follow up some chronic diseases, Al-Daghri et al. (2011) reported 
that the prevalence of type 2 diabetes in Saudi accounted 23.1% of the general 
population, and specifically 34.7% among males, [47] compared with 10.5% in 
our study [4.3% (n = 23) uncontrolled, 4.9% controlled (n = 26), 1.3% (n = 6) 
newly diagnosed]. The study also reveals that 25.1% of the population were ob-
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ese, compared to 29.9% (n = 158) (BMI ≥ 30). In contrast to ours, Al-Daghri et 
al., the cohort were only selected from urban Riyadh to reflect the epidemiologic 
pattern specific to civil life. Our study’s community, however, is mere service-
men; perhaps a factor that warrants an utmost degree of maintained fitness, e.g., 
through better control of the glycemic status, compared to Al-Daghri et al. citi-
zens. Lower prevalence rates (18.2%) of screened with diabetes (both sexes) in 
the eastern coastal province of Saudi Arabia were reported [48]; almost half of 
Al-Daghri et al. and double of ours. (Unsurprisingly, the two studies used the 
same data system “Biomarkers Screening in Riyadh Program”). 

Although it is now well documented that the prevalence of DM in KSA is 
among the highest worldwide and its yield of general screening has almost al-
ways been high, the partial extension of this phenomenon to involve the military 
community warrants intervention. Particularly an equivalent prevalence of two 
diagnosed diabetic varieties, uncontrolled and controlled is a true concern, 
which entails comprehensive reviews of diabetes control policy, engaging both 
the healthcare providing and follow up sector’s performance, and most impor-
tantly patients’ responses and behavior. An organized effort in parallel with 
proceeding with the screening plan of WDMH is needed to reduce relevant ob-
esity and lifestyle risk in order to maintain and promote health of the served 
community. For instance, the use of lower cutoff for weight and abdominal size, 
especially in risk groups enhances specificity of the screening and hence assures 
earlier intervention for high risk individuals. Hypothesizing about reasons such 
as those related to age and socioeconomic status for developing diabetes based 
on physiology, genetic makeup, regulation and expression of cells and tissues 
under those conditions, this set of risk-outcome relationship stands as basis to 
tackle the issue in the future. An insufficient awareness and knowledge about 
diabetes and related risks; how to avoid and the early symptoms when medical 
care must be sought; would rather be continually evaluated. Should diabetes 
“neglect” become a trend; the frequency of secondary complications would be on 
the rise. The duration of diabetes, detailed management information and track-
ing BG behavior over DM disease course, are all seat for future research. 
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