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	 Urolithiasis presents an ascending prevalence in several countries around the world. 
The purpose of the present work is to achieve a fast and robust approach to the multiple 
factors influencing the chemical profile of human crystalluria and therefore in promoting 
the development of urinary calculi. From February to July 2018, 148 morning urine samples 
have been collected from 148 patients at the BeniMellal Regional Hospital Center in Morocco. 
An observation by Polarizing Light Microscopy allowed us to detect the chemical profile of 
crystalluria.A classification by the Principal Components Analysis (PCA) method has been 
applied to the individuals that are 148 crystalluria samples and to nine factors that are: 
''gender'', ''age'', '' geographical area '', '' water quality'', ''water amount per day '', ''personal and 
family history'', ''urinary pH'', ''presence of crystals'' and ''chemical profile''. The first results 
of the principal components analysis (PCA) method shows that there are similarities between 
crystalluria samples and more or less strong correlations, between some of the nine factors 
that can influence crystalluria. The frequency of majority constituents in crystalluria is age 
dependent and oxalic-calcium is the frequent chemical species for both genders. The study of 
crystalluria would be an excellent laboratory test that brings many benefits for the diagnosis 
and management of renal pathologies of crystalline origin.One can conclude that urolithiasis 
is multifactorial, various factors may increase the risk of urinary stone formation.

Keywords: Crystalluria; Chemical profile; polarizing light microscopy;
principal components analysis; whewellite; weddellite.

	 Urine is an environment with constant 
supersaturation of one or more crystalline species; 
so, it is not unusual to find crystals1. Urinary 
crystals or crystalluria as medicallyis the presence 
of the crystals in the urine as sediment. This 

condition can be seen from the urine analysis in 
the clinical laboratory2. The search for crystalluria 
and morphologic analysis of urinary crystals is of 
interest in the diagnostic evaluation and assessment 
of efficacy of therapeutic strategies in stone 
formers3.
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	 The objective of the present work is 
to approach both possible similarities between 
patients and correlations between factors that 
may influence the frequency of crystalluria in 
these patients.The geographical area, where this 
study has been conducted, is the of BeniMellal-
Khenifraarea located between central and northern 
Morocco. The crystalluria samples were collected 
from patients at the Regional Hospital Center in 
this area.
	 The chemical profile of the crystalluria 
has been determined by means of polarizing light 
optical microscopy and the search for possible 
correlations between different studied factors has 
been carried out using the principal components 
analysis method. These factors are: “gender”, 
“age”, “geographical area”, “water quality”, “daily 
water intake”, “personal and family history”, “urine 
pH”, “presence of crystals” and “chemical profile”.

Material and methods

	 The study of crystalluria has been carried 
out on 148 patients presenting positive crystalluria 
who were hospitalized in the urology department of 
the Moroccan Regional Hospital Center, Morocco 
within the February to June 2018 period.Urine 
specimen collection involved morning urine from 
each patient at it woke up. Approximately 50 ml 
of such urine is taken from a sterilized vial and 
stored at a 4°C temperature in the refrigerator. The 
urinary pH is noted in situ while the observation 
of the urinary crystals under a polarizing light 
optical microscope has been done in the laboratory 
within a period of no more than 2 hours. A patient 
questionnaire was undertaken in terms of the data 
to be processed by this work.The data from the 
questionnaire were completed and adjusted using 
data and archives from the databases of the Beni 
Mellal-Khenifra Regional Hospital Center.
	 We  d e t e r m i n e d  t h e  f o l l o w i n g 
characteristics: “gender”, “age”, “geographic area”, 
“water quality”, “daily water intake”, “personal and 
family history”, “urine pH”, “presence of crystals” 
and “chemical profile”. A urine analyzer was used 
for the measurement of the urine pH (pHur) and of 
the observation of crystalluria has been observed by 
polarizinglight optical microscopy. A classification 
by the Principal Components Analysis (PCA) 
method has been applied to the collected data 

through the questionnaire and archives atthe 
BeniMellal-Khenifra Regional Hospital Center.

Result and Discussion

Distribution of patients by gender and age
	 In this 148 patients seriespresenting 
positive crystalluriathe mean age is 47 years, 86 
females (58.1%) compared to 62 males (41.9%) 
(Figure 1) (The male to female ratio was 0.7). This 
ratio has been further decreased in subjects younger 
than 40 years old (M/F=0.6) and subjects between 
40 and 60 years old (M/F=0.4). Male dominance 
was evident above the 60 years age, with an overall 
male/female (M/F) ratio of 1.2 (Figure1).
Distribution of patients by geographical origin 
and water quality
	 We have identified the geographical origin 
of the 148 patients at the BeniMellal-Khenifraarea: 
33% come from urban zones (U) and 67% from 
rural zones (R) (Figure 2).We identified the quality 
of the consumed water by 148 patients at the site 
of this work.The general resultis that 34% of the 
patients use the treated water (TW) while 66% use 
the untreated one (UW) (Figure 2).
Distribution of patients according to daily water 
intake (Liter /Day)
	 The results show that 95% of patients 
consume no more than 2L/day (Figure 3).
Distribution of patients by disease of diabetes 
and hypertension diseases
	 The present work concerned a population 
of diabetics and patients with arterial hypertension. 
Of the 148 patients (presenting positive crystalluria), 
30% are diabetic (D) and 16% present arterial 
hypertension (AH) (Figure 4).
	 The results obtained show that half of 
the population of 44 diabetics were women: they 
represented 52% of the total population (the male/
female ratio was 1.1).
	 Concerning the hypertension disease, 
the majority of the 24 patients were men: they 
represented 71% of the total number of patients 
(the male/female ratio was 2.4).
Distribution of patients by urinary pH (pHur)
	 In the present work, we measured the 
urinary pH value (pHur) of the 148 patients. The 
obtained result showed a predominance of a 5.5 
pH (Figure 5).
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Fig. 1. Distribution of patients by age (in years) and 
gender (F: female, M: male)

Fig. 2. Distribution of patients by geographical origin 
(U: urban, R: rural) and water quality (TW: treated 

water, UW: untreated water)

Fig. 3. Distribution of patients by daily water intake 
(L /D)

Fig. 4. Distribution of patients by diabetes (D) and 
arterial hypertension (AH)

Distribution of majority constituents by age 
and gender
	 Micrographs, by polarizing light optical 
microscopy (PLOM), of encountered crystalluria 
examples show: calcium oxalates, uric acids 
and calcium phosphates (Figure 6).In fact, these 
crystalline species have different facies in the urine. 
Weddellite is commonly crystallizing as octahedral 
crystals composed of two flattened pyramids joined 
at the base. These crystals thus appear as square 

envelopes in the urine at the perspective view when 
they are observed under the PLOM (Figure 6).
	 The results of the study of crystalluria 
were expressed in terms of number and frequency 
(%) according to the chemical nature of the 
majority crystalline species and according to the 
gender and the age of the patients (Tables 1 and 2). 
Analysis of these two tables shows that, overall, 
the oxalo-calcium (Ox-Ca) nature is predominant 
in all age classes in both two genders.
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Fig. 6. Polarizing light micrographs (400 magnification), A: Complex amorphous urate, B: Uric acid 
monohydrate, C: Uric acid dihydrate, D: Calcium oxalate dihydrate (weddellite), E: Calcium oxalate 

monohydrate (whewellite), F: Ammonium magnesium phosphate (struvite) (needle shape) and Carbonate 
complex amorphous phosphate (dark cloud shape), G: Anhydrous uric acid

Fig. 5. Distribution of patients by urinary pH (pHur)

Classification by the principal components 
analysis (PCA) method
	 The Figure 7 shows the factor map of 
individuals in three dimensions. It allows the 
visualization of the projections of the points 
corresponding to the 148 patients on the first three 
main components. We have determined three 
classes of the patients
	 The following Figure 8 shows the circles 
of correlations between the nine studied factors.

Discussion

	 The analysis of these crystalluria of 
apatient’s series from the Moroccan Middle Atlas 
shows a relative female predominance with a0.7 
M/F ratio (Figure 1). This report is not consistent 
compared to several previous works4, 5. This can 
be explained by the fact that the choice of patients 
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Fig. 7. Factor map of 3D individuals (PC1-PC2-PC3)

Fig. 8. Correlation circles for variables: Gender, Age, Geographic Origin (GO), Water Quality (W Qul), Water 
Quantity/day (W Qun), Arterial Hypertension (AH), Diabetes (D), Urinary pH (Uri PH) and Crystalluria

in the present work was arbitrary and within an 
arbitrary period of time.
	 The prevalence of crystalluria varies 
according to age.In our study, patients over 40 
years showed a high rate of crystalluria compared 
with that of the other age groups (Figure 1).This 
is concordant with the higher frequency of 
crystalluria observed in normal adults aged 40 
years and above in a cross-sectional study6.
	 One aspect that has received very little 
attention is the variation of the composition of 
urine according to geographical areas within the 
same area (Figure 2). Our results also show a higher 
frequency in patients from rural zones. This result 
may be related to the fact that the studied area 
presents an agricultural vocation.
	 Beverage waters differ according to 
their characteristics, temperature, flow rate and 
hydrogeological origin of the water.  In addition, 
most zones of the BeniMellal-Khenifraarea lacks 
drinking water treatment plant.
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	 The results of this study show a higher 
frequency in patients consuming untreated water 
(UW) (Figure 2).There is a strong correlation 
between the geographical origin of the patient and 
the quality of the consumed water. In fact, treated 
water plants are more common in urban zones than 
in rural ones (Figure 2).
	 Results from our series show that 95% 
of patients consume no more than 2L/day (Figure 
3).The daily ration should be increased until 
between 2.5 and 3 L in order to ensure a urine 
output of more than 2 L per day7. However, even 
individuals consume 2.5 L/D they can present 
positive crystalluria. This can be explained by the 
fact that the latter depends on other parameters 
such as the quality of the consumed water,and 
non-appropriated dietary habits.It should be noted 
that almost all patients have a below-standard fluid 
intake. Also, this is a factor favoring the presence 
of crystalluria.
	 The prevalence of crystalluria in the 
urine of diabetics (30%) was lower than that 
found in nondiabetics (Figure 4). However, these 
results disagree with the study of Ephraim, R. 
K. et al.6that shows a prevalence of a 17.5 % 
crystalluria in diabetic patients compared to 5% 
in non-diabetic ones8. Formation of crystals in the 
urine of such individuals increases with increasing 
blood glucose and decreasing urine pH. Good 
glycemic control may reduce the occurrence of 
crystals in urine. The study of crystalluria could be 
useful to detect this risk and to propose preventive 
measures. Complementary studies are necessary to 
identify factors accounting for the increased risk 
of crystalluria in diabetic patients and to verify 
whether good glycaemic control can reduce the 
crystallogenic risk.
	 Arterial hypertension (AHT) is a major 
cardiovascular risk factor in the occurrence of 
stroke, heart failure, renal insufficiency and 
coronary heart disease, which are the leading causes 
of death worldwide9. In our study, crystalluria is a 
rare entity in patients with Arterial hypertension. 
In this context, it should be pointed out that few 
studies have been carried out on the correlation 
between crystalluria and high blood pressure. 
The present study does not show a link between 
crystalluria and hypertension.
	 The study was consecrated to detect 
the impact of the urine pH on the crystalluria. In 

fact, the crystal formation has been influenced 
by boththe urine pH and the samples collection. 
The present study also shows a higher frequency 
of a 5.5 pH(Figure 5). This value is close to the 
average value of normal urine pH (pH=5.8)10. 
The changing of urine pH can also induce the 
urolithiasis formation of calcium oxalate, calcium 
carbonate, and magnesium ammonium phosphate 
(triple phosphate) crystals11,12.
	 There are few pH-independent crystalline 
species present in urine. These are mainly calcium 
oxalates, dihydroxyadenine, cholesterol (rare in 
urine) and rarely cystine.In fact, even calcium 
oxalate and cystine are partly pH-dependent, but 
in the usual pH range of urine, their sensitivity to 
pH can be considered low13.
	 The interpretation of crystalluria, based 
on the analysis of certain criteria taken in isolation 
or in addition to other factors such as urinary pH, 
allows the detection of certain urinary biochemical 
abnormalities involved in the processes of 
formation of common lithiasis13.
	 It can be seen that even patients with 
normal urine pH also have positive crystalluria 
(Figure 5).This can be explained by the fact 
that usually the urinary pH (pHur) would be 
non dependent on the presence of crystalluria. 
Moreover, the determinants of urinary pH are not 
fully known and associate the organic factors with 
the dietary ones.
	 The oxalo-calcium, as a major chemical 
character, comes from the calcium oxalate 
monohydrate (COM) (whewellite) and calcium 
oxalate dihydrate (COD) (weddellite) (Figure 
6: D and E) with a 61.6% frequency in men and 
60% in women, identical results were reported 
by another study in Morocco14. The second most 
common chemical character in men (Table 1) and 
women (Table 2) is related to purines. In fact, 
these last chemical pieces have been detected as 
uric acid monohydrate (UAM), uric acid dihydrate 
(UAD), anhydrous uric acid (AnUA) and complex 
amorphous urate (CAU) with a 34.8% frequency 
in men and 34.3% in women. The phosphate 
character appears as carbonate complex amorphous 
phosphate (CCAP) with a 3.6% frequency in men 
while in women this character appears as CCAP 
and also as ammonium magnesium phosphate 
(MAP) with a 5.7% frequency.Indeed, some studies 
conducted in the same geographical BeniMellal-
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Khenifra area, have linked the relatively high 
frequency of calcium oxalate monohydrate (COM) 
to the dietary habits of populations14, 15, 16. It has 
been reported by Oussama et al.thatan inhibiting 
effect of the citrus juices on the crystallization of 
calcium oxalate.
	 Furthermore, it should be noted that 
according to the age (Tables 1 and 2), the 
proportion of oxalo-calcium compounds in urine 
increases more and more. This can be explained 
by the decrease in kidney function after the age.By 
comparing the two genders, analysis of the results 
shows that the presence of crystals in urine in men 
is predominant for the over 40 years age groups, 
while in women it is common for the between 41 
and 60 years age groups. These results are closer to 
those of M. Mbarki et al.17 who have reported that 
the presence of crystals in urine in both genders is 
predominant in the 40-60 age group. In Iraq, a study 
was conducted on the types of crystals observed in 
a group of patients aged 9 to 60 years, in which no 
significant difference was found in the frequency 
of crystalluria in different age groups18.
	 It should be noted that the gender and 
age of the patient are very important factors, 
as has already been shown in several studies of 
crystalluria19, 20, 21.
	 According to  the factor  map of 
individuals(Figure 7), we can see that individuals 
can be divided into three or four classes so that each 
one contains both women and men. The gender 
factor of the patients seems to have no impact on 
the presence of crystalluria. However, this result 
does not explain the fact that urinary lithiasic 
disease is male-dominated as reported in previous 
work17,22. The presence of crystals in the urine 
usually indicates the composition of the kidney 
stones23, 24. In fact, the presence of crystalluria 
does not necessarily mean that the patient develops 
urinary calculi, although the team of Nadia 
Messaoudi25, in Oran has shown a correlation, in 
terms of chemical nature, between urinary calculi 
on the one hand and crystalluria on the other hand.
The factor map of individuals (Figure 7) shows a 
slight discrimination between the crystalluria of 
young and old patients. Moreover, the crystalluria 
of children is different from that of other patients. 
This result is in agreement with the work ofPrabhu 
et al., in India4.
	 Based on the correlation circles of the nine 

studied factors (Figure 8), the following predictions 
can be made:
	 There is a strong correlation between the 
geographical origin of the patient, the quality of the 
consumed water and the presence of crystalluriain 
the patient urine; Also, one can observe a strong 
correlation between these three factors on the one 
hand and the age of the patients on the other hand. 
In fact, these results are consistent with those of 
the distribution of crystalluria according to the age 
group of patients. The older age groups are more 
predisposed to present positive crystalluria.
	 The present study reports some correlation 
between the disease of diabetes and hypertension 
on the one hand and the frequency of crystalluria on 
the other hand. It should be noted that Mbarki M. 
et al.17 reported a uric chemical profile in women 
presentingdiabetes. Only few studies have been 
carried out on the possible dependence between 
hypertension and crystalluria or lithiasic.
	 In addition, the present work detected a 
weak correlation between the urinary pH and other 
factors such as crystalluria, geographical origin of 
the patient and quality of consumed water.

Conclusion

	 The study of crystalluria is an excellent 
routine laboratory test that provides useful 
information for the diagnosis and management 
of renal pathologies of crystalline origin. The 
objective of the present work is to determine 
the risk factors of crystlluria in patients from the 
BeniMellal-Khenifra area in Morocco.
	 As it can be concluded that there was a 
strong relationship between crystalluria and the 
different parameters studied. The frequency of 
positive crystalluria was higher in the urine of the 
aged patients. Polarizing light optical microscopy 
coupled with principal component analysis would 
be a rapid, low cost and robust approach to the 
multiple factors influencing the chemical profile 
of human crystalluria and therefore in promoting 
the development of urinary calculi. Unlike the 
gender factor of the patients, the factor of their 
age, water quality and geographical origin have a 
direct impact on the presence of crystalluria and 
its chemical nature. Furthermore, urinary pH does 
not appear to be directly related to the frequency 
of crystalluria.In addition to the climatic factors of 
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the geographical area, it seems that the population 
has particular dietary habits that require further 
investigation that are currently in study progress, 
to be able to confirm their involvement in lithiasic 
processes.
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