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Introduction: Diabetes mellitus is a common public health problem due to the seriousness of its complications. 

Because of the potential harm to the kidneys of diabetic patients, preventive and therapeutic measures should be 

taken against the various types of lithiasis.

Materials and methods: This survey included 116 type 1 diabetics. First morning urine samples were examined 

with a polarized light microscope for qualitative and quantitative analysis of crystalluria. 

Results: The calcium oxalates were more abundant in both genders compared to the other crystalline species, with 

a frequency of 76.7% at direct examination and 82.4% at +4°C. The total frequency of purine crystalluria was 22.0% 

at direct examination.

Conclusion: The crystalluria observed in type I diabetics showed the predominate prevalence of the oxalocalcic 

type (Weddellite) crystals with a frequency of 64.5%, followed by Whewellite with a frequency of 15.0%. The high 

percentage of the purine crystalluria in diabetics gives information about dangers to clinicians and experts.
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varies with the patient’s sex and age and emphasizes the 
influence of risk factors dependent on gender, body weight, 
and other associated pathologies like diabetes.

One approach of the lithiasic pathology is the study of 
crystalluria, which consists of analyzing the crystals in urine. To 
obtain clinically interpretable information, it is recommended 
to make an exhaustive identification of the crystalline species 
present in the sample under examination. This assumes the 
knowledge of various morphologies under which the urinary 
crystals can be observed. Some crystals may have an unusual 
morphology, often a sign of particular pathological conditions, 
which may be a source of lithogenic risk or renal function 
complications. Crystalluria is the main factor that differentiates 
urine from healthy subjects and lithiasic patients. A multi-

Introduction
Diabetes is a disease resulting from either a lack of insulin or an 
incapacity to adequately use normal quantities of insulin. The 
number of diabetics in Algeria is estimated to be 1-1.5 million 
[1]. Due to its prevalence and because of the frequency and 
seriousness of its complications, diabetes mellitus constitutes a 
public health problem in many countries. Different organs, the 
kidneys in particular, may later undergo fatal consequences.

Urinary lithiasis, as well as diabetes, is a frequent pathology that 
affects approximately 10% of the population of industrialized 
countries [2]. Its prevalence has increased considerably during 
the last 50 years in France, and there are now two million 
lithiasics, 100,000 stone expulsions per annum, and a stone 
recurrence rate of more than 60% [3]. The nature of stones 
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parametric study of crystalluria (chemical nature and size of 
the crystalline species, global crystalline volume, pH, density, 
urinary cytological analysis, etc.) must be carried out in order 
to determine the risk of crystallogenesis. Biological exploration 
is necessary to identify the biological factors implied in the 
lithogenic process and specify the causes of anomalies.

The clinical symptoms of lithiasis are uniform and stereotyped. 
Its location, frequency and chemical nature have evolved 
significantly. Clinical interrogation and chemical or biological 
explorations well oriented by analytical results facilitate 
the knowledge of the lithogenic risk factors, determine the 
responsible pathology in most cases, and allow the proposition 
of suitable prophylactic measures. A reliable means to predict 
the risk in patients from clinical and biological data remains 
one of the preoccupations of all clinicians and researchers 
interested in urinary lithiasis. Studies referring to lithogenic 
risk of hormonal pathologies, like diabetes and thyroid 
dysfunction, are not numerous. Previous works clearly highlight 
epidemiological and biological links between uric lithiasis and 
certain pathologies such as metabolic syndrome, major obesity, 
diabetes, or gout [4-7].

It is necessary to study crystalluria in type I diabetics to help 
eliminate the risk of forming lithiasis and protect the kidneys 
from this danger associated with diabetes. We studied the 
crystalluria of 116 type 1 diabetic patients (insulin-dependent) 
with an aim of comparing their crystalluria with that of stone-
formers and control groups. The study was carried out at 
ambient temperature and at +4°C, according to the current 
protocol. The purpose of this work was to detect possible 
lithiasics or risk factors stemming from certain types of crystals 
known to favor the precipitation of stones and thus have 
a diabetics’ “cartography.” This is based on the study for 
crystalluria that is the expression of an excessive supersaturation 
of urine. It can be used to detect certain genetic pathologies 
and assess lithogenic urinary anomalies in nephrolithiasic 
patients susceptible to lithiasis.

Materials and methods
348 first-voided urine samples from 116 type 1 diabetic patients 
(3 samples per patient) were collected from a nearby diabetes 
clinic in a hospital in Mostaganem, Algeria. These patients 
were divided according to their gender (83 women, 33 men), 
and the average age was 37 years (13 to 83 years). All the urine 
samples were collected in sterile tubes after the first morning 
micturition and subjected to direct examination in the two hours 
following voiding. The samples were refrigerated at +4°C for 48 

hours and then re-examined to assess de novo crystallization. 
Homogenized urine was transferred with Pasteur pipettes into 
a Malassez cell. The urinary crystals were classified according 
to the nature and size of each crystalline species. Aggregates 
were examined with a (ZEISS) polarized-light microscope. The 
pH of each urine was measured in the laboratory immediately 
after collection. A comparison crystalluria study on 200 non-
lithiasic subjects was also carried out.
 

results
Table 1 displays the nature and frequency of the crystalluria for 
all the analyzed samples at direct examination and at + 4°C. The 
total frequency of positive crystalluria was 21.0% at ambient 
temperature and 39.3% after cold conservation of urine at 
+4°C. For the non-diabetics, we noticed that the frequency 
of the positive crystalluria was 13.3%. Many crystalline 
species of metabolic origin were recorded in this work, such 
as weddellite, whewellite, complex amorphous urates, uric 
acid dihydrate, brushite and ACCP. The frequency of the pure 
crystals was 94.5%, and the frequency of the associated crystals 
was 5.5%. The analysis of 348 urine samples of type 1 diabetics 
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Crystals
Direct Examination +4ºC

n % n %

Positive Crystalluria 73 21.0 137 39.3
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 C
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s

Wd* 43 58.6 62 45.2

CAU† 11 15.0 20 14.5

Wh‡ 09 12.3 10 07.3

UAD§ 04 05.4 04 02.9

Brushite|| 01 01.3 - -

Stuvite¶ 01 01.3 - -

M
ix

ed
 C

ry
st

al
s CAU+Wd - - 32 23.3

Wd+Wh 02 02.7 05 03.6

Wd+UAD 01 01.3 02 01.5

Wd+Br 01 01.3 02 01.5

Total 73 100 137 100

*weddellite, †complex amorphous urates, ‡whewellite, §uric 
acid dihydrate, ||dicalcium phosphate dihydrate, ¶magnesium 
ammonium phosphate hexahydrate

Table 1. Pure and associated crystals frequency (%) of 
type I diabetic patients at direct examination and at 
+4°C
doi: 10.3834/uij.1939-4810.2008.10.03.t1
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showed a predominance of the calcium oxalate dihydrate 
(weddellite) crystals at direct examination with a frequency of 
58.6%, followed by complex amorphous urates with a rate of 
15.0% and whewellite with a rate of 12.3%. Calcium oxalate, 
being a majority component, attained a rate of 76.7% at 
direct examination and 82.4% at +4°C. Urates in addition to 
dihydrated uric acid, whether pure or mixed, had a frequency 
of 22% compared to other crystalline species observed during 
analysis. 

For the distribution of crystalluria correlated with gender, 
we noticed a significant difference in the frequency of the 
crystalline species between men and women. As shown in Table 
2, crystalluria was more frequent in women for nearly all the 
crystalline species observed in this study. In women, weddellite 
had a frequency of 30.1%, followed by complex amorphous 
urates (13.9%), whewellite (10.9%), uric acid dihydrate (2.7%), 
and struvite (1.3%). In men, the frequency for all the crystalline 
species examined was less than 3% except for weddellite, which 
had a frequency of 28.7%. Regarding  the urine of the control 
group, the weddellite crystalline species was more frequent 
in men (12.4%) compared to women (5.9%). Additionally, 
whewellite had a greater frequency (6.5%) in control women 
than weddellite, but did not exceed 2.6% in control men. The 
urine acidity for diabetics was remarkable: more than two-
thirds of the samples with positive crystalluria had an average 
pH lower than 6. The average pH values recorded are given in 
Table 3.

Discussion 
Diabetes is a serious affection, and people suffering from this 
disease run a higher risk of morbidity and mortality than the 
general population [8]. Epidemiological studies carried out 
during the last ten years show an alarming increase of diabetes, 
which is the result of a pathological process commonly known 
as the metabolic syndrome [9,10]. This metabolic disorder is 
characterized by hyperglycemia caused by a decrease in insulin 
secretion. Diabetes mellitus is a disease that provokes serious 
late complications that will alter the sight, renal system, 
nervous system, and blood circulation [11,12].

Few works studied the relationship between diabetes and renal 
lithiasis. Liu et al. [13] studied the composition of the urine of 
lithiasic and non-lithiasic diabetic patients compared to healthy 
subjects and non-diabetic calcic lithiasics. He found that the 
lithogenic urinary metabolic anomalies were less pronounced 
and the probability of being lithiasic is lower in diabetics than 
in normal subjects, suggesting that being diabetic does not 

predispose one to urinary lithiasis per se. However, Abate et 
al. [14] reported that patients with recurrent uric acid stones 
exhibit clinical and metabolic abnormalities consistent with 
the metabolic syndrome. As the latter is often predictive of the 
development of type 2 diabetes mellitus, it may be assumed 
that diabetic patients may have a particular risk to develop uric 
acid renal lithiasis.

Meydan et al. [15] recently reported that 21% of diabetic 
patients were affected by urolithiasis, as compared with only 
8% in the non-diabetic population, but the chemical type of 
stones was not examined. Pak et al. [16] reported that 33.9% 
of 59 stone-forming patients with type 2 diabetes had uric 
acid stones, as compared with only 6.2% in non-diabetic stone 
formers. Lastly, a recent study by Mbarki et al. [17] showed 
that diabetics are less exposed to the risk of forming crystals in 
urine than idiopathic lithiasics without diabetes.

In this study, it can be noted that the total positive crystalluria 
of type 1 diabetic patients reached 21%, but it did not exceed 
13.3% for normal subjects without lithiasic antecedent. On 
the other hand, samples from calcic idiopathic stone formers 
contain 60-70% of the crystals [18,19]. In comparison with data 
gathered in other works devoted to non-diabetic stone formers’ 
crystalluria (notably Wernes et al. [20]), it can be noticed that 
the nature of the urinary crystals identified is roughly the 
same in lithiasics and diabetics, with the same great diversity 
of crystalline species in both cases. However, the crystalluria 
frequency appears moderately increased in type 1 diabetics 
(almost double that of normal subjects), which indicates 
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Pure 
Crystals

Diabetic Subjects Non-Diabetics

Men Women Men Women

n % n % n % n %

Wd 21 28.7 22 30.1 19 12.4 9 5.9

UAC 1 1.3 10 13.9 3 1.9 4 2.6

Wh 1 1.3 8 10.9 4 2.6 10 6.5

UAD 2 2.7 2 2.7 -- -- 1 0.7

Str -- -- 1 1.3 -- -- 2 1.3

Br 1 1.3 -- -- -- -- -- --

Total 26 35.6 43 58.9 26 17 26 17

Table 2. Pure crystals frequency (%) of diabetic 
patients and non-diabetics as a function of gender at 
direct examination
doi: 10.3834/uij.1939-4810.2008.10.03.t2
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that diabetics are more likely to develop nephrolithiasis [17]. 
Supersaturation of the urinary environment is a fundamental 
factor of lithogenesis, which generates the primitive insoluble 
crystal phase and ensures its later growth in most cases.

From an analytical point of view, all first morning urine 
samples studied at direct examination had calcium oxalates in 
the majority of cases (76.7% total, 71.2% pure, 5.5% mixed). 
The crystalline species most frequently observed in diabetics 
was weddellite (dihydrated calcium oxalate) with a frequency 
of 58.9% compared to the control group rate of 18.3%. This 
anomaly can be expressed by the nutritional and metabolic 
difference among diabetics. On the other hand, the crystalline 
species of monohydrated calcium oxalate had a frequency of 
12.3% for diabetics and 9.1% for healthy subjects. This indicates 
the natural behavior of crystalluria evolution between these 
various types of pathology and allows for differentiation of 
diabetics from healthy subjects. This finding may be a factor in 
the tracking of urinary lithiasis in diabetics.

Calcic phosphate crystals (brushite and ACCP) occurrence was 
particularly small in diabetics (2.3%) and healthy subjects (0%). 
Magnesium ammonium phosphate hexahydrate (struvite) had 
a frequency of 1.3% in healthy subjects and 0% in the urine of 
diabetics. This is due to the acidic urine recorded in diabetics, 

which does not favor struvite formation. Another analysis of 
these results indicates that diabetic women exhibit a positive 
crystalluria in 63% of all cases (compared to 36.9% in men) 
and a higher frequency for most of the identified crystalline 
species. Thus, oxalate frequency is 45.2% and purine frequency 
16.5% in women, compared to 31.5% of oxalates and 5.5% of 
urates in men. This is completely the opposite in non-diabetic 
stone formers [21,22]. The crystalline species that presents the 
highest risks of lithiasis formation is whewellite. Its oxalate-
dependent character indicates a significant hyperoxaluria 
found in most of female diabetics: 16.4% against 13% in non-
diabetic stone formers and 6.5% in healthy subjects [23]. This 
would imply more monitoring and regular tracking to avoid 
any precipitation of stones.

The results of our work show that the average pH of the 
analyzed urine samples was acidic in almost 75% of cases. 
This was confirmed by the appearance of uratic crystals 
(complex amorphous urates and uric acid) with a frequency of 
22% in diabetics and 5.2% in healthy subjects. This indicates 
that the acidity sometimes generated by certain metabolic 
dysfunctions in diabetics can be a lithogenic risk in the 
formation of purine lithiasis. In a study undertaken about 
diabetics’ lithiasis risk factors, Pak et al. [24] showed that in 
addition to urine hyperacidity, the fractional excretion of uric 
acid was not decreased, contrary to what is observed in uric 
lithiasics with no metabolic syndrome. Several other authors 
have observed an increase in the fractional excretion of uric 
acid in insulin-dependent diabetics [25]. Recently, Daudon et 
al. [26] have shown that the proportion of uric acid stones was 
2.2x higher in diabetic than in non-diabetic stone formers, but 
the difference was strikingly more marked in women (3.8x) 
than in men (1.7x). The same author indicated in another 
study that the increase of the body weight is accompanied by 
a significant decrease in the urinary pH [2]. The drop of urinary 
pH and the simultaneous maintenance of excretion favor the 
formation of an excessive quantity of non-dissociated uric acid, 
thus facilitating its crystallization in the urine [6]. The higher 
prevalence of crystalluria of uric acid in diabetics in general and 
women diabetics in particular is an argument for immediate 
patient care in order to avoid any serious complications. Indeed, 
a diabetic patient is always threatened by a fatal nephropathy 
that can cunningly destroy kidneys and lead towards renal 
insufficiency necessitating hemodialysis. Finally, the surveillance 
of crystalluria in these patients may allow doctors to evaluate 
the risk of forming stones and implement adapted preventive 
measures, such as alkaline diuresis, in patients threatened by 
lithiasis.

UIJ
Table 3. Correlation between major crystalline species 
and average pH
doi: 10.3834/uij.1939-4810.2008.10.03.t3

Crystals Average pH
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Calcium oxalate dihydrate 5.75

Calcium oxalate monohydrate 5.79

Complex amorphous urates 5.70

Uric acid dihydrate 5.74

Struvite 7.02

Brushite 6.06
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s CAU + Wd 5.84

Wd +Wh 5.68

Wd + UAD 5.42

Wd + Br 6.33
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ConClusion
Our work shows that positive crystalluria in type 1 diabetic 
patients was more frequent in comparison with control 
groups, which indicates that these patients are more exposed 
to the risk of forming renal stones threatening their kidneys. 
The increased acidity of diabetics’ urine, especially in women, 
indicates an excess in purine substances eliminated by the 

kidneys. This could be a very useful indicator of lithogenous 
risk factors of forming uric lithiasis or a prognostic factor of 
the risk of lithiasis recurrence. In diabetic patients, crystalluria 
monitoring might be necessary in certain conditions to detect 
risk and propose preventive measures at the same time.
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