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ABSTRACT 

 

Insulin resistance is associated with the development of metabolic syndrome and diabetes. 

Insulin resistance for Saudi (n=33) and Caucasian (n=28) subjects, matched for adiposity, and 

of differing glycaemic status was compared. All had specimens at their first visit (fasting and 

2 hours) and second visit (insulin sensitivity (Si) determined by FSIVGTT). Saudis in the 

normal glucose tolerance and glucose intolerance categories had significantly higher HbA1c 

(p<0.01, p<0.05 respectively) compared to Caucasians. Caucasians in the NGT category had 

significantly higher Si, fasting IGFBP-1 (p<0.01, p<0.05 respectively) compared to Saudis. 

In conclusion, Saudis with NGT appear to be more insulin resistant than Caucasians.  
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INTRODUCTION 

Metabolic syndrome is an important and increasingly common public health problem both in 

the western world and Middle East. Whilst the prevalence of metabolic syndrome among 

Caucasians has been reported to be approximately 16% [7], its prevalence in the Saudi 

population has been reported at almost one third [3]. The presence of metabolic syndrome is 

associated with an increased future risk of developing cardiovascular disease and type 2 

diabetes, and there is a very high prevalence of both latter conditions in the Saudi population 

[2, 16]. The reasons for this are believed to be both environmental and dietary [5, 14] and 

may also be partly genetically determined. In particular, recent changes in nutrient intake and 

physical inactivity are thought to be contributory factors [2, 5]. Insulin resistance is an 

essential component of the metabolic syndrome, and appears to develop early. Prospective 

studies have shown that metabolic syndrome is a powerful predictor of the likelihood of an 

individual developing diabetes or cardiovascular disease in Caucasian populations [19] and 

therefore it may be useful to be able to assess insulin sensitivity in individuals. We have 

previously reviewed the assessment of insulin resistance by various different techniques [11]. 

The frequently sampled intravenous glucose tolerance test (FSIVGTT) is considered a useful 

alternative to the hyperinsulinaemic euglycaemic clamp which is the gold standard method. 

However, owing to the difficulties and technical requirements of both these techniques, 

simpler methods for assessing insulin sensitivity have been proposed such as homeostasis 

model assessment (HOMA-IR) and quantitative insulin sensitivity check index (QUICKI). 

Even simpler techniques for estimating insulin sensitivity involve measurement of a single 

protein in serum such as the fasting insulin level or insulin-like growth hormone binding 

protein-1 (IGFBP-1) [15, 22] and may be of particular value in epidemiological studies.  

 

To date there have been no studies that have directly compared insulin resistance in matched 

Saudi and Caucasian subjects. This current study was therefore set up to assess and compare 

insulin sensitivity in subjects from the two populations using Si and various surrogate 

techniques and including subjects from across the glycaemic spectrum.   

 

SUBJECTS AND METHODS 

Subjects 

Saudi (n = 33) and white Caucasian (n = 28) subjects participated in this study which was 

approved by the ethical committee of King Khalid National Guard Hospital (Jeddah, Saudi 

Arabia) and South West Surrey Local Research Ethics Committee  (Guildford, UK). All 

subjects attended on two occasions. A standard 75g oral glucose tolerance test (GTT) was 

carried out during the first visit and glycaemic status subsequently classified according to 

WHO criteria [4].  The subjects were classified into four categories as follows: normal 

glucose tolerance (NGT, n = 24), impaired fasting glucose (IFG, n = 12), impaired glucose 

tolerance (IGT, n = 12) and type 2 diabetes (DM, n = 13). DM subjects were either newly 

diagnosed or achieving good glycaemic control by dietary means alone. For the purposes of 

this paper the IFG and IGT categories are collectively referred to as ‘glucose intolerance’ 

categories. Clinical characteristics of the subjects are shown in Table 1. Subjects were 

matched as closely as possible in each ethnic group. Subjects of the NGT category of each 

ethnic group were similar in BMI, age and physical activity.  

 

Assays 

Insulin was measured by solid phase two-site ELISA (Mercodia, Uppsala, Sweden) which 

had a sensitivity of <7.0 pmol/L and maximum analytical CV of 4.9%. At both study sites 
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glucose, uric acid and lipids were assayed on Bayer Advia 1650 auto-analysers. Glycated 

haemoglobin (HbA1c) analysis was by a high pressure liquid chromatography technique on a 

Biorad Variant II instrument at both sites. All other assays were carried out in Guildford, UK. 

Samples were transported on dry ice by air from Saudi Arabia to UK. Serum IGF-I was 

determined by immunoassay using Immulite kits. IGFBP-1 was assayed by in-house ELISA 

using R&D analytical components. Assay had a sensitivity of 0.01 µg/L and maximum 

analytical CVs of 7.0% and 9.1% for intra- and inter-assay precision respectively.  

 

Frequently sampled intravenous glucose tolerance test  

At the second visit, all subjects except those with type 2 diabetes underwent a standard 

FSIVGTT carried out as follows. After placement of intravenous cannulae in both arms 

baseline blood samples for insulin and glucose estimation were taken at 15, 20, 25, 30 

minutes. Glucose (0.3g/kg of 50%) was then injected over one minute. Post-glucose injection, 

29 blood samples were drawn 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 19, 22, 25, 30, 40, 50, 60, 70, 80, 

90, 100, 120, 140, 160, and 180 minutes [9, 10]. Minimal model analysis software (Minmod 

Millennium 6.02) was used to determine tissue insulin sensitivity index (Si) which measures 

the ability of insulin to promote peripheral glucose disposal and suppress hepatic glucose 

output. Glucose effectiveness (Sg) which measures the ability of glucose to promote its own 

disappearance at basal insulin was also determined [12]. The acute insulin response to 

glucose (AIRg) was calculated by Minmod Millennium and is defined as the area under the 

plasma insulin curve between 0 and 10 minutes. Area under the curve for glucose (AUC 

glucose) was calculated by the trapezoid rule from 0 to 10 min after glucose injection. In 7 

out of the total number of subjects (NGT = 2; glucose intolerance = 5) Si, Sg, AIRg and AUC 

glucose parameters could not be modelled.  This is to be expected in some subjects with the 

Minmod fitting procedure [12].  

 

Other simple insulin sensitivity indices 

Fasting glucose and insulin values were used to calculate simple indices if insulin sensitivity. 

Version 2 of homeostasis model assessment with nonlinear solutions (HOMA2) was used to 

calculate insulin resistance (HOMA2-IR) and β-cell function (HOMA2-β) [24]. Quantitative 

insulin sensitivity check index (QUICKI) was calculated as 1/[log fasting insulin + log 

fasting glucose] [17]. The insulin sensitivity index-glycaemia (ISI-gly) was calculated from 

plasma glucose and insulin concentrations measured at baseline and post oral glucose load as 

follows ISI-gly = 2/[(insulinp – glucosep) + 1] [8].  

 

Statistical analysis 

Statistical analysis was performed using SPSS version 15. The sample size used in this study 

was estimated to have 80% power with 5% significance value to detect the sizes of effect 

detected by Araujo-Vilar et al (1998) for insulin sensitivity index [6]. HbA1c, IGFBP-1, 

insulin and all other insulin sensitivity indices were log-transformed before parametric 

statistical analysis due to deviation from normal distribution. Student’s paired, unpaired and 

Mann-Whitney t-tests were used to determine statistical significance. Data were expressed as 

mean ± SD or with 95% confidence intervals (CI).  

 

RESULTS 

General clinical and biochemical characteristics 
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The clinical characteristics of the two subject groups are shown in Table 1. BMI, %TBF and 

WHR were similarly distributed across NGT and glucose intolerance (i.e. pooled IFG and 

IGT subjects) categories from both ethnicity but Caucasians were older than Saudis (p<0.05) 

in glucose intolerance category. Diastolic BP was significantly higher in Saudi than 

Caucasian subjects, both in NGT and glucose intolerance categories (p<0.001, p<0.05 

respectively). Biochemical measurements were compared between the two groups in NGT 

and glucose intolerance categories (Table 1). For the NGT subjects, fasting IGFBP-1 and 2 

hour IGFBP-1 were higher in Caucasians than in Saudis (p<0.01 and p<0.05 respectively). 

HbA1c was significantly higher in Saudis than Caucasians, both in NGT and glucose 

intolerance subjects (p<0.01, p<0.05 respectively) (Table 1). Regarding the glucose 

intolerance categories fasting glucose was significantly different (p<0.05) between the two 

ethnic groups.  
 

Variation of simple insulin sensitivity indices and Si by ethnicity 

In the NGT and glucose intolerance categories (Table 2), insulin sensitivity (Si), was higher 

in Caucasians than in Saudis. This difference was highly significant in NGT subjects 

(p<0.01). In the same category ISI-gly showed higher insulin sensitivity in Caucasians 

compared to Saudis but the difference did not reach statistical significance. In both NGT and 

glucose intolerance categories the index of β-cell activity (HOMA2-β) was higher in 

Caucasians than Saudis and this reached statistical significance (p<0.05) in glucose 

intolerance category. 
 

The metabolic syndrome   

When Adult Treatment Panel (ATP) III [1] criteria for diagnosis of metabolic syndrome were 

applied to the subjects, 42% of the Saudi and 29% of the Caucasian subjects had metabolic 

syndrome as defined by presence of ≥ 3 of the criteria. On application of the International 

Diabetes Federation (IDF) guidelines [26] the prevalences of metabolic syndrome were 48% 

and 42% respectively. 
 

Changes in insulin, glucose and IGFBP-1 during FSIVGTT   

Figure 1 a and b  show full plots of glucose and insulin values respectively in response to 

intravenous glucose in normal Saudi and Caucasian subjects. AIRg was higher in Saudi 

compared to Caucasians but this did not reach statistical significance in the subjects studied 

(Table 2). At all time points glucose and insulin levels were observed to be higher in Saudis 

than Caucasians but at the time point (t = 8min) the mean (95%CI) level of glucose in NGT is 

significantly higher (p<0.05) in Saudi [14.6 (13.4 - 15.8)] compared to Caucasians [13.2 

(12.2 - 14.2)] (Figure 1,a) while insulin were significantly (p<0.05) higher in Saudis when 

compared to the Caucasians at the same time point in addition to (t = 10, t =12 min) (Figure 

1, b). Although there was no significant difference in AUC for glucose in normal subjects 

between the two groups, it was significantly higher (p<0.05) in Saudi glucose intolerance 

subjects compared to Caucasians of the same glycaemic category (Table 2).  

 

DISCUSSION 

Although there was no difference in the WHR, BMI, %TBF or age in the NGT category the 

finding of higher insulin resistance (Si) in Saudis compared to Caucasians was consistent 

with the greater prevalence of metabolic syndrome and metabolic derangements in the former 

population. Both the raised HbA1c levels and diastolic BP in NGT Saudis are also in line 

with the increased prevalence of metabolic syndrome known to exist in this population. 
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According to the United Nations, the prospect for average lifespan in UK Caucasians is 78.9 

years while in Saudis it is 72.8 years [25]. This may explain our difficulty in obtaining 

subjects fulfilling the same inclusion criteria particularly in the glucose intolerance category. 

Although there was no significant difference in glucose effectiveness (Sg) in NGT subjects 

between the two ethnic groups, the lower mean value in NGT Saudis suggests that as well as 

having higher insulin resistance, these subjects also have less efficient disposal of glucose 

independently of the effects of insulin [23]. This also confirmed by increased mean values of 

AUC for glucose and AIRg in normal Saudi subjects when compared to the same category in 

Caucasians. Increased diastolic BP in Saudis compared to Caucasians confirms the strong 

association between impaired diastolic BP and insulin resistance which has been investigated 

recently [27]. No previous studies of insulin sensitivity have compared Saudis with any other 

ethnic group though Caucasians have been compared for example to African-Americans and 

Pima Indians and observed to have greater insulin sensitivity [13, 20].  
 

The rationale for using various insulin sensitivity techniques in this study was therefore to 

avoid misleading findings that might have arisen had only one technique been used and to 

detect any difference in insulin sensitivity observable by some techniques but not others. Of 

the indices examined viz HOMA2-IR, QUICKI, ISI-gly and Si, the only two which detected 

higher insulin resistance in NGT Saudi compared to NGT Caucasian subjects were Si and 

ISI-gly. Our observation of higher fasting IGFBP-1 levels in Caucasians compared to Saudis 

is in line with the previous conclusion of Maddux et al [21] that IGFBP-1 can be used as a 

marker of insulin resistance in normal subjects. Inter-ethnic differences in fasting IGFBP-1 

levels in NGT subjects (10 each) have also been observed in a previous study in three 

different populations viz Caucasians, Chinese and Asian Indians [18]. However, in our 

Caucasian subjects fasting IGFBP-1 levels were not as low as expected for the degree of 

hyperinsulinaemia. This may reflect greater hepatic insulin sensitivity in addition to higher β-

cell activity in Caucasians than in Saudis. In the Saudi population, 2 hour IGFBP-1 was 

clearly suppressed by the greater postprandial hyperinsulinaemia present at this time point 

presumably reflecting greater peripheral insulin resistance in these subjects.  
 

The standard FSIVGTT used in our study cannot estimate Si and other related parameters 

accurately in subjects with diabetes. This is due to insufficient endogenous insulin secretion 

in these subjects. Whilst the numbers of subjects was relatively small, we found significant 

differences in metabolic risk factors between the two ethnic groups. A significant difference 

in insulin sensitivity was detected between the groups using the FSIVGTT. This difference 

was not observed by applying the more simple techniques that are widely used to assess 

insulin resistance in epidemiological studies.  Our study clearly reveals differences in insulin 

sensitivity between the Saudi Arabian and Caucasian populations that are worthy of future 

investigation and should help focus future investigations ultimately aimed at solving the 

epidemic problem of diabetes in the Kingdom of Saudi Arabia and neighbouring countries. 

 

In conclusion, these data are novel and important as they provide objective evidence for the 

normal Saudi population being more insulin resistant than a similar Caucasian population. 

FSIVGTT proved to be more discriminating in assessing insulin sensitivity than simpler, 

fasting indices.  
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Table 1     Comparison of clinical, baseline and 2 hours biochemical data in Saudi and 

Caucasian subjects. Subjects were classified as NGT and glucose intolerance (combined 

IFG & IGT) categories in each of the two populations.  
 

 NGT Glucose intolerance 

 Saudi (n =13) Caucasian (n = 11) Saudi (n =12) Caucasian (n = 12) 

Male% 77% 64% 58% 83% 

Age (years)         39.4 ± 13 42.7 ± 17.8 47.6 ± 7.2          54.1 ± 7.4* 

BMI (kg/m2)         26.1 ± 4.6          26.4 ± 5.2 31.8 ± 2.2          29.8 ± 3.0 

%TBF 25.4 ± 10.2 25.5 ± 11.6 36.5 ± 8.3          32.3 ± 7.0 

WHR 0.90 ± 0.10 0.90 ± 0.10   0.93 ± 0.10 0.96 ± 0.10 

SBP  (mmHg)          118 ± 7           115 ± 20            127 ± 9           126 ± 16 

DBP (mmHg)            73 ± 9  64 ± 4*** 84 ± 10 74 ± 11* 

TC (mmol/l) 4.5 ± 1.2 4.6 ± 1.2 4.7 ± 0.9            4.6 ± 0.8 

HDLC (mmol/l) 1.2 ± 0.2 1.4 ± 0.4 1.1 ± 0.3            1.2 ± 0.2 

LDLC (mmol/l) 2.7 ± 0.8 2.7 ± 1.3 2.9 ± 0.6 1.2 ± 0.2* 

TG (mmol/l) 1.7 ± 1.0 1.1 ± 0.6 1.4 ± 0.7            1.9 ± 0.9 

Uric Acid  (µmol/l) 322 ± 48           323 ± 47            331 ± 48           362 ± 68 

%HbA1c 5.6 ± 0.5  5.2 ± 0.4** 6.1 ± 0.5 5.8 ± 0.4* 

Glucose (mmol/l) 5.4 ± 0.4 5.2 ± 0.5 6.5 ± 0.4 6.0 ± 0.7* 

Glucose (2hr) (mmol/l) 5.4 ± 1.4 5.5 ± 1.0 7.8 ± 1.6            8.5 ± 1.2 

Insulin (pmol/l) 70 ± 26 87 ± 49            123 ± 34           138 ± 57 

Insulin 2hr (pmol/l) 296 (190 - 403) 272 (126 - 418) 734 (640 - 828) 668 (557 - 778) 

IGFBP-1 (µg/l) 3.7 (1.8 - 5.6) 9.8 (5.6 - 14.0)** 3.3 (1.7 - 4.8) 4.3 (2.1 - 6.5) 

IGFBP-1 (2hr) (µg/l) 1.2 (0.5 - 1.9) 4.5 (2.1 - 7.0)* 0.7 (0.3 - 1.0) 1.7 (0.5 - 2.9) 

IGF-I (nmol/l) 21.9 ± 8.7 20.6 ± 8.7 13.1 ± 3.3 17.3 ± 6.1 

Data are mean ± SD or with 95% confidence intervals. *p<0.05, **p<0.01, ***p<0.001. 

 

Table 2   Comparison of parameters derived from the simple indices of insulin 

resistance and FSIVGTT in Saudi and Caucasian subjects. 

 
 NGT Glucose intolerance 

 Saudi (n =13) Caucasian (n = 11) Saudi (n =12) Caucasian (n = 12) 

%HOMA2-β  96 (87 - 105) 112 (88 - 137) 101(87 - 116) 130 (95 - 165)* 

HOMA2-IR 1.3 (1.0 - 1.6) 1.6 (1.0 - 2.2) 2.4 (2.0 - 2.8) 2.6 (1.9 - 3.2) 

QUICKI 0.34 (0.33 - 0.36) 0.34 (0.31 - 0.36) 0.31 (0.30 - 0.32) 0.31 (0.30 - 0.32) 

ISI-gly 0.93 (0.77 - 1.10) 1.04 (0.78 - 1.30) 0.65 (0.57 - 0.74) 0.60 (0.48 - 0.73) 

Si [(mU/l)^-1.min^-1]
†
  4.9 (3.6 - 6.2) 6.9 (5.4 - 8.4)** 3.3 (2.3 - 4.3) 3.6 (1.9 - 5.3) 

Sg [min^-1]
†
 0.020 (0.015 - 0.025) 0.024 (0.015 - 0.031) 0.019 (0.012 - 0.026) 0.016 (0.010 - 0.024) 

AIRg (pmol/l h)
 †

   489 (316 - 659) 328 (178 - 478) 335 (109 - 561) 335 ( 87 - 582) 

AUCglucose (mmol/l h)
†
   134 (120 - 147) 122 (110 - 133) 155 (146 - 164) 140 (131 - 150)* 

Data are presented as mean (95% confidence interval).  *p<0.05, **p<0.01.
 †

Number of 

subjects; normal glucose tolerance (NGT), Saudi (n = 12) and Caucasians (n = 10); glucose 

intolerance, Saudi (n = 10) and Caucasians (n = 9).  
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Figure 1 Comparison of 12 Saudi with 10 Caucasian normal subjects during the 

FSIVGTT, (A) glucose, *p<0.05 at t = 8 min (B) insulin, *p<0.05 at t = 8, 10 and 12 min. 

Data are expressed as mean (95% confidence interval).  

 


