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Abstract                                                                                                                                                  

Background:  Establishing reference ranges, formerly known as normal values, is a 

complex process. Guidelines of the American National Committee for Clinical Laboratory 

Standards (NCCLS) recommended a general protocol to establish reference ranges by consulting 

scientific literature and a list of biological and analytical variables that might interfere with the 

test. Criteria should be established for selecting well, normal individuals who can serve as test 

subjects for the study.                                                                                                                             

Objective: To establish reference ranges of plasma urea, creatinine and uric acid in healthy 

population at Port Sudan City (Sudan).                                                                                                                                         
Materials and methods: The study was conducted during the period from April to May 

2010 in Port Sudan City (Sudan). Age ranges chosen were 20-40 years. 250 blood samples for 

each analyte were collected using a structural interview questionnaire. Measurement of plasma 

urea, creatinine, and uric acid was performed by enzymatic methods. Data were analyzed by the 

statistical package for social studies (SPSS) programme. Histograms of frequency were prepared 

and percent and cumulative percent frequency were calculated. Thereafter the usual convention 

of taking 95 % of the results was followed for preparation of reference ranges, excluding the 

lowest and highest 2.5 %. A significance at p = 0.05 level was performed to examine the fit of 

the observed distribution. A reference interval for each parameter was calculated from: the 

arithmetic mean ± 2 standard deviation (SD) to obtain the 2.5% and 97.5% limits.                                                                                                                                                                                                                                            
Results: 138 males (55.2 %) & 112 females (44.8 %) were tested in this study. The highest 

percentages of the analytes tested were: urea (8.7%), creatinine (19 %), and uric acid (9.1 %). 

According to tribal variations the highest levels of the analytes were found among Jaalieen 

(urea), Arteega (creatinine), and Majazeeb (uric acid). Results showed that males have a higher 

mean value for urea (31.02 mg/dl) than females (28.60 mg/dl). The higher mean value among 

males also holds for creatinine and uric acid. Subjects in all age groups have no significant 

difference for all analytes tested.  
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The reference ranges for all analytes were determined as follows: For plasma urea: male 

reference range was 15-50 mg /dl and female reference range was 15-50 mg /dl, for plasma 

creatinine: male reference range was 0.4-1.5 mg /dl, and female reference range was 0.4-1.3 mg 

/dl, and for plasma uric acid: male reference range was 2.8-6.7 mg /dl and female reference range 

was 2.7-6.3 mg /dl.                                                                                                                                                                                                               

Conclusion: Age and gender specific reference ranges of the analytes studied were found 

different from those reported in literature. This emphasizes the need to take this into account 

when results from hospital patients Port Sudan City (Sudan) are being evaluated.  

Key words: Plasma urea, creatinine and uric acid, Healthy population, Port Sudan City.                                                                                                                                            

Introduction                                                                                                                                                 

Potential subjects are categorized as normal/abnormal, using these criteria. Subjects who do not 

meet the criteria (patients cannot serve as subjects) are to be excluded. Subjects are prepared 

properly (e.g., diet, exercise, body position, absence of medications). Subjects' specimens are 

collected and handled properly and consistently. Then specimens are analyzed under well 

defined, controlled conditions. The resulting reference value data are inspected and a histogram 

is prepared. Any outliers/data errors are identified, and an appropriate statistical method is 

selected and the data are analyzed. Also all the steps used should be documented to define the 

reference intervals 1. The term "Reference" means a set of values of some measurement that can 

be used to interpret a set of results for a particular patient. It is determined by collecting data 

from vast numbers of laboratory tests 2.                                                                                                                                    

A reference range for a particular test or measurement, is usually defined as the prediction 

interval of values that 95% (or 2 standard deviations) of the population fall into. It relies on the 

fact that for many biological phenomena, there is a normal distribution of values. In some cases, 

reference ranges are better based on concentrations or levels that are associated with optimal 

health or minimal risk of related complications and diseases, rather than the standard reference 

described above 3. Regarding population, if not otherwise specified, it generally denotes the 

reference range in healthy individuals, or without any known condition that directly affects the 

ranges being established. However, reference ranges may also be established by taking samples 

from the whole population, with or without diseases and conditions. In some cases, diseased 

individuals are taken as the population, establishing reference ranges among those having a 

disease or condition 4. The reference values are required for all tests performed in the clinical 

laboratory not only from healthy individuals but also from patients with relevant diseases. 

Laboratory staff and those requesting tests should know the accepted reference values and 

clinical significance of the results of the quantitative tests performed in the laboratory. This will 

ensure that significantly abnormal results are detected, checked, reported and acted on as soon 

as possible. Prompt action by laboratory staff may prevent loss of life or lead to an earlier 

treatment with more rapid recovery for patients5                                                                                                                                                   
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Most laboratories don't have the time nor the resources to test the large number of normal 

people, screening them to insure they are disease free. At least 120 normal people, distributed 

by age and sex in a proportion similar to those tested under clinical conditions, should be tested. 

As a result, we often must depend on manufacturers' reference intervals. If these intervals we 

determined using a population similar to our patient group in terms of age, sex, ethnic 

background, diet, tobacco use, exercise, time of day when sampled, etc., and if all analytical 

methods were similar to those used by the laboratory, these intervals could be used without 

modification 1. Many researchers had determined the pathological levels of plasma urea, 

creatinine and uric acid, as indicators of certain abnormalities in patients. Few or almost no 

research was carried out to determine the actual normal ranges of plasma urea, uric acid and 

creatinine among Sudanese population. The reference ranges for such tests in Sudan depend on 

literature and commercial kits provided by manufacturers.                                                                                     

This study was devoted essentially to determine the reference ranges of these analytes among 

healthy Sudanese individuals.  

Materials and methods           

This was a quantitative, descriptive, cross-sectional, laboratory-based study. It was conducted 

during the period from April to May 2010 at Port Sudan City (Sudan). The study sampling 

scheme was a non-probability, random, convenience sampling. Sample size was 250 samples for 

each analyte, according to the equation: N =  
𝑍2×𝑃×𝑄

𝑑2
  where: N = sample size, D = desire 

marginal error, Z = confidence of interval, S = standard deviation. Population investigated were 

apparently healthy male and female Sudanese individuals living in Port Sudan City, and aged 20-

40 years. Individuals excluded were those aged less than 18 and more than 40 years and those 

with obesity, liver disease, renal disease, hypertension, diabetes mellitus, or cardiac disease. 

Other exclusions were pregnant women and individuals involved in excessive exercises or under 

medication.                                                                                                                                                       

Specimens were collected randomly from healthy donors. The subjects were not asked to fast.      

5 mL blood were taken from the antecubital vein with the subjects seated. A tourniquet was used 

only when necessary to locate the vein and released before withdrawal of blood. The blood was 

collected into tubes containing lithium heparin, and specimens were centrifuged and separated. The 

plasma was transferred in to a plain container. Data were collected using a structural interview 

questionnaire. Different instruments and tools were used in this study: gloves, sterile syringes, 

lithium heparin containers, automatic pipettes, water bath, and Biosystem 310 spectrophotometer 

for reading analyte concentration. Factory calibrated enzymatic chemistries were used in this 

study. Qual i ty control was provided through using commercial quality control sera having high 

and low values.                                                                                                                                                         

Measurement of plasma urea: Urea was hydrolyzed by urease into ammonia and carbon dioxide, 

which in presence of sodium nitroprusside they reacts with sodium hypochlorite and salicylate to 

form the 2-2dicarboxy-indophenol. The color intensity of this compound is proportional to the 

amount of urea present in the sample. 

Adam, 2016: Vol 1(5) 

http://ajmsc./


4 
 

African Journal of Medical Sciences                      http://ajmsc.info 

  

Measurement of plasma urea started by adding 10 µl from each tested sample to 1 mL of reagent 

one (R1) and incubated for 5 minutes. Then reagent two (R2) was added, and incubated for 5 

minutes at 20-25ºC. The absorbance of the dye at 540 nm was determined and it was 

proportional to concentration of urea in the sample.                                                                                              

Measurement of plasma creatinine: At a fixed time analysis, creatinine reacts in an alkaline 

environment with picrate to give a colored compound whose intensity is proportional to the 

creatinine concentration in the sample. Measurement of plasma creatinine started by adding    

100 µl from each tested sample to 1 mL of the working reagent (prepared by adding an equal 

volume from lithium hydroxide (R1) and 120 mmol/L and boric acid and picric acid 67 mmol/L 

(R2). The solution was mixed and incubated for 30 seconds at 37ºC. The absorbance of the 

sample (E1C) and the standard (E1std) were measured after 60 seconds to make the second 

reading (E2C), (E2std).                                                                                                                                 

Measurement of plasma uric acid: Uricase enzyme catalyzes the oxidation of uric acid to 

allantoin and H2 O. In the presence of peroxidase (POD) enzyme, H2 O reacts with 4-

aminoantipyrine (4-AA) and 3,5, dichloro-2-hydroxybenzenesulphonate (DHBS) to form a 

quinoneimine dye. The concentration of this dye was read at 546 nm, and it is directly 

proportional to the uric acid concentration. Measurement of plasma uric acid started by adding 

25 µl from each tested sample to 1 mL of the working reagent and incubated for 10 minutes at 

20-25ºC. Then the absorbance of the dye was read at 520 nm and it was proportional to the 

concentration of uric acid in the sample.                                                                                                                 

Calculation: The result for urea and uric acid was calculated as end point reaction, and at a fixed                                                      

time reaction for creatinine as follow: End point reaction 
𝑇

𝑆
 x con; Fixed time reaction 

A2_A1

A2_A1
 x con          

Results were read using the Spectrophotometric Biosystem – 310.                                                                                     

Data was analyzed by the statistical package for social studies (SPSS) programme. After 

arrangement of results by gender and by age groups within each gender, histograms of frequency 

were prepared and percent and cumulative percent frequency were calculated. The class intervals 

used was 0-5 mmol/L for urea, and 10 µmol/L for creatinine and uric acid. Thereafter the 

frequencies were recalculated, and the usual convention of taking 95 % of the results was 

followed for preparation of reference ranges, excluding the lowest and highest 2.5 %6.                                                   

A significance at p=0.05 level was performed to examine the fit of the observed distribution. 

Since the results were not significant (p > 0.05), the data was considered to have a Gaussian 

distribution. Age ranges chosen were 20-30 and 31-40 years respectively. A reference interval 

for each parameter was calculated from the arithmetic mean ± 2 standard deviation (SD) to 

obtain the 2.5% & 97.5% limits7.                                                                                                                         

Approval to conduct this study was taken from the Ethical Committee of the Faculty of Medical 

Laboratory Science (Al Neelain University). Verbal consent was obtained from all participants in 

this study. 

Results    

The frequencies of the analytes tested were calculated. The convention of taking 95 % of the   
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results and the Gaussian distribution were used for preparation of reference ranges. 138 males 

(55.2 %) and 112 females (44.8 %) were tested in this study. The highest percentages and the 

lowest percentages of plasma urea, creatinine, and uric acid in association with their plasma 

concentrations are shown in Table I.  

 

Table I    Percentages and concentrations of plasma urea, creatinine and uric acid 

 

Parameter 

 

Highest 

Percentage 

 

Plasma 

Concentration 

mg/dl 

 

Lowest 

Percentage 

 

Plasma 

Concentration 

mg/dl 

Plasma 

Urea 

 

8.7% 

 

22 

 

0.4% 

 

42, 46, 51, 55 

Plasma 

Creatinine 

 

19% 

 

0.9 

 

0.8% 

 

0.4 

Plasma 

Uric acid 

 

9.1% 

 

3.2 

 

0.4% 

 

3.9, 5.6, 5.9, 6.9 

 

 

According to tribal variations the highest plasma urea concentration (60 mg/dl) was found 

among Jaalieen tribe, the highest plasma creatinine concentration (1.4 mg/dl) was found among 

Arteega tribe, and the highest plasma uric acid concentration (7 mg/dl) was found among 

Majazeeb tribe.                                                                                                                                                   

The numerical data used for establishing all analytes reference ranges by gender were:                               

(a) Plasma urea:                                                                                                                                                  

Males: S.D = 9.18, Mean = 31.02, +2 S.D =15, -2 S.D = 50. Hence male reference range is:         

15-50 mg /dl.                                                                                                                                                 

Females: S.D = 8.23, Mean = 28.6, +2 S.D = 15, -2 S.D = 50. Hence female reference range is:  

15-50 mg /dl.                                                                                                                                                            

(b) Plasma creatinine:                                                                                                                                          

Males: S.D = 0.21, Mean = 0.90, +2 S.D = 0.4, -2 S.D = 1.5. Hence male reference range is:    

0.4-1.5 mg /dl.                                                                                                                                                  

Females: S.D = 0.22, Mean = 0.83, +2 S.D = 0.4, -2 S.D = 1.3. Hence female reference range is:  

0.4-1.3 mg /dl.                                                                                                                                                      

(c) Plasma uric acid:                                                                                                                                             

Males: S.D = 1.05, Mean = 4.35, +2 S.D = 2.8, -2 S.D = 6.7. Hence male reference range is:    

2.8-6.7 mg /dl.                                                                                                                                                  

Females: S.D = 1.04, Mean = 4.19, +2 S.D = 2.7, -2 S.D = 6.3. Hence female reference range is:  

2.7-6.3 mg /dl.  
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Reference ranges for the biochemical analytes plasma urea, creatinine, and uric acid were 

established separately for the 250 adult males and females. Results showed that males have a 

higher mean value for plasma urea (31.02 mg/dl) than females (28.60 mg/dl). The higher mean 

value among males also holds for plasma creatinine and uric acid (Table II).  

Table II      Statistical report of analytes reference ranges according to gender 

 
 

Plasma urea mean was 29.9 mg/dl and plasma urea SD was 8.83 mg /dl (Fig. 1).  

 

 

Fig. (1)         Reference range of plasma urea 
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Report

15.00 50.00 31.0217 31.0000 9.18144

.40 1.50 .9043 .9000 .20923

2.80 6.70 4.3453 4.0000 1.05238

15.00 50.00 28.5982 27.5000 8.22812

.40 1.30 .8270 .8000 .22195

2.70 6.30 4.1929 3.9000 1.03999

15.00 50.00 31.0217 30.0000 8.83289

.40 1.50 .8699 .9000 .21798

2.70 6.70 4.2767 4.0000 1.04747

Urea mg/dl

Creatinine

mg/dl

UricAcid

mg/dl

Urea mg/dl

Creatinine

mg/dl

UricAcid

mg/dl

Urea mg/dl

Creatinine

mg/dl

UricAcid

mg/dl

Gender

Male

Female

Total

Minimum Maximum Mean Median Std. Deviation
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Plasma creatinine mean was 0.87 mg/dl and plasma creatinine SD was 0.22 mg/dl (Fig. 2).  

 

 

 

Fig. (2)         Reference range of plasma creatinine 

 
 

 

Plasma uric acid mean was 4.3 mg/dl and Plasma uric acid SD was 1.05 mg/dl (Fig. 3). 

 

 

 

Fig. (3)         Reference range of plasma uric acid 

 

 

Subjects investigated in the age range 20-30 years were found to have no significant difference 

for all analytes as compared with those in the age range 31-40 years (Table III). 
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Table III    Statistical report of analytes reference                                                                                              

ranges according to age groups 

Age groups Analyte (mg/dl) Mean Std. Deviation 

 

20-30 yrs 

 

Urea 27.9 7.9 

Creatinine 0.8 0.2 

Uric acid 4.0 0.9 

 

31-40 yrs 

 

Urea 31.2 9.2 

Creatinine 0.9 0.2 

Uric acid 4.4 1.1 

 

Total 

Urea 29.9 8.8 

Creatinine 0.9 0.2 

Uric acid 4.3 1.1 

 

 

Discussion 

Correct interpretation of biochemical data for patients is critical in the correct diagnosis of several 

illnesses. In adult Sudanese, accurate reference ranges of these biological data that closely relate 

to the patients under investigation has not been reported previously and diagnosis is often based 

on data obtained from subjects outside Sudan. This study reports age and sex specific reference 

ranges for some routinely requested for blood chemistry analytes from healthy Sudanese aged 20 

to 40 years.                                                                                                                                                            

Many reference ranges in current use are being derived from small numbers of healthy volunteers or 

hospital patients. The establishment of reference ranges poses many problems, particularly in the 

choice of subjects, and it is often difficult to examine large numbers of people and to standardize the 

conditions under which the specimens are taken. In presenting the ranges of this study, it should be clear 

that it was not possible to control some factors which may affect these ranges, e.g. diurnal variation has 

not been measured.                                                                                                                                                                

There were no obvious seasonal differences to have affected the results. It was not possible to study the 

effect of socio-economic or dietary factors or of prescribed drugs.                                                                                                                                                                                   

In Switzerland adult population, plasma urea male reference range as 3.9-8.7 mmol/L (11.1-24.9 

mg / dL); and adult urea female reference range as 2.8-7.6 mmol/L (8.0-21.7 mg / dL).  
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Established adult Kenyan male reference ranges for urea was reported as 1.2-3.7 mmol/L (3.4 – 

10.6 mg / dL); and uric acid as 214-500 umol/L (3.6-8.4 mg / dL)6.                                                                            

G a r d n e r  and Scott (1980) studied the age- and  gender -related  reference  ranges  for  eight plasma  

constituents  derived  from  randomly  selected adults in a Scottish new town.  Their results confirmed both the sex 

difference and increase with age which have long been recognized. Median urea in the male was found 

to increase by age and the increase was much greater in female subjects. They noticed that a sex 

difference in the population as a whole7.                                                                                                                  

Regarding creatinine, G a r d n e r  and Scott in Scotland  also confirmed the sex difference and the 

increase with age, and females were found to have creatinine levels lower than males throughout the 

age groups studied. They postulated that the age increase is due to loss of renal function with age7. 

G a r d n e r  and his colleague7 also studied the reference range of uric acid in a Scottish community, 

and they observed a little change with age among male subjects. They concluded that in the 

younger age groups male levels exceed those of females.                                                                                               

Jacobs and his co-authors (1990) reported the normal reference for urea as 5 – 20 mg / dL in both 

sexes. Regarding creatinine, their adult male range was 0-1.2 mg / dL; and their adult female 

range was 0-1.1 mg /dL. They reported the normal reference ranges for uric acid as 3.4-7.0 mg / 

dL for adult males; and 2.4-6.0 mg / L for adult females8                                                                                             

In this context, adult Sudanese male and female reference ranges for urea was 15 – 50 mg / dL. 

Adult Sudanese male reference ranges for creatinine in this study were 0.4-1.5 mg /dl; and for 

females it was 0.4-1.3 mg /dl. Also adult Sudanese male reference ranges for uric acid was 2.8-

6.7 mg /dl; and for females was 2.7-6.3 mg /dl.                                                                                                            

Observed differences of these established reference ranges of Sudanese adult population 

compared to those of other adult population could be due to differences in the geographical 

location, methods and equipment used, sample size, posture, race, and regional differences. 

There are no published reference ranges for biochemical parameters for Sudanese adult 

population. Nearly all laboratories rely on reagent manufacturers' published reference ranges 

which may not adequately represent Sudanese adult population.                                                                    

Reference ranges produced by reagent manufacturers are determined from analysis of blood 

samples of a few health workers who do not represent the general population. It is therefore 

recommended that each clinical chemistry laboratory establish its own reference range for 

biochemical parameters.                                                                                                                                                        

The determination of reliable reference values for each analyte in the laboratory is a major task. 

This should be performed according to the following conditions:                                                                                   

(a) The populations should be adequately described and matched.                                                                              

(b) Analytical performance should be critical.                                                                                                       

(c) Preparation of individuals before specimen collection and the specimen collection itself should 

follow a standardized scheme.                                                                                                                   

Conclusion: Some of the age and gender specific reference ranges of plasma urea, creatine, and 

uric acid were different from those reported in literature. The increasing number of publications 

showing significant age and gender differences emphasize the need to take these into account 

when results from Sudanese hospital patients are being evaluated. 
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