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Abstract
Background and objective: Albuminuria is a risk factor for cardiovascular disease, and excess urinary albumin is related to increased all-cause mortality. Diabetic 
dyslipidemia, such as low high-density lipoprotein (HDL) levels may be one of the factors responsible for albuminuria. Therefore, the purpose of this study was to 
find out the association and correlation between HDL level with albuminuria in Saudi patients with type 2 diabetes (T2DM).  

Methods: For the present retrospective study, we analyzed 1574 participants whom are between the age 20 to 96 years. All patients were from the population of the 
diabetic centre and Primary health centre at King Fahad Armed Forces Hospital, Jeddah, Saudi Arabia.  

Main results: A total of 1574 subjects (the mean age was 56.2 ± 12.1 years, minimum 20 years and maximum 96 years) were included in the analysis. There were 956 
females (60.7%). Mean body mass index was 31.4 ± 6.1 kg/m2. Hypertension was present in 603 cases (57.4%). Mean HDL was 1.16 ± 0.3 mmol/l with frequency of 
low level of HDL (< 1.04 mmol/l) was 587 cases (37.3%). The frequency of female subjects with normoalbuminuria, microalbuminuria and macroalbuminuria were 
significantly higher than male (64.8% vs. 35.2%, 52.9% vs. 47.1% and 51.2% vs. 48.8% respectively, p < 0.0001). Subjects with macroalbuminuria were significantly 
older than subjects with microalbuminuria or normoalbuminuria (59.2 ± 11.7, 57.5 ± 12.4 and 55.5 ± 11.9 years respectively, p < 0.0001). Mean HDL in subjects 
with macroalbuminuria were significantly lower than subjects with normoalbuminuria or microalbuminuria subjects (1.06 ± 0.3, 1.18 ± 0.3 and 1.13 ± 0.3 mmol/l 
respectively, p < 0.0001). Moreover, the frequency of subjects with low level of HDL (< 1.04 mmol/l) was significantly higher in patients with macroalbuminuria than 
subjects with normoalbuminuria or microalbuminuria subjects (53.8%, 34.4% and 41.2% respectively, p < 0.0001). Moreover, the frequency of male subjects with low 
level of HDL in microalbuminuria and macroalbuminuria were significantly higher than female subjects and the mean HDL was significantly lower.  

Conclusion: Our data clearly indicate low HDL levels as important risk factor for the development of albuminuria. The principal strategy is to slow the progression 
of renal disease with improving HDL levels. 
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Introduction
Albuminuria is the major cause of end-stage renal disease 

worldwide [1].  Hyperglycemia and hypertension (HTN) are the main 
risk factors for chronic kidney disease (CKD) including albuminuria 
development and progression [2]. However, in spite of the achievement 
of recommended targets for blood glucose and blood pressure, the 
residual risk for diabetic nephropathy remains high among patients 
with type 2 diabetes (T2DM) [3,4].  

T2DM as a cardio-vascular risk equivalent was confirmed by 
Framingham study and other landmark studies [5,6].  Characteristics 
of diabetic dyslipidemia include elevated triglyceride, elevated low-
density lipoprotein cholesterol and low high density lipoprotein 
cholesterol (HDL) levels [7]. Diabetic dyslipidemia, high triglycerides 
and/or low HDL levels may be one of the factors responsible for this 
high residual risk [3,8].  

HDL is an antiatherogenic, anti-inflammatory and antithrombotic 
particle [9]. Low levels of HDL are associated with chronic low-grade 
inflammation and oxidative stress in type 2 diabetic patients with 
dyslipidemia [10,11]. This systemic inflammation may change HDL 
properties into being dysfunctional and proinflammatory [12,13]. 
Epidemiological studies have demonstrated a link between diabetic 

dyslipidemia and albuminuria. Low HDL concentrations were 
associated with albuminuria in a post hoc analysis of large intervention 
studies of high-risk patients with diabetes [14-16]. The Action in 
Diabetes and Vascular Disease Study (ADVANCE) demonstrated 
that lower baseline HDL levels were a significant and independent 
predictor of albuminuria, whereas no association was found with 
the risk of diabetic retinopathy, suggesting that differences may 
exist in the pathophysiology of these microvascular complications 
[14]. A large, international, cross-sectional study of outpatients with 
diabetes recently demonstrated an independent association of low 
HDL with CKD in patients with T2DM after controlling for low 
density lipoprotein cholesterol levels and established risk factors for 
microvascular disease [17]. 
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In patients with T2DM, a reduction of HDL level is associated with 
an increased risk of renal injury; and lower HDL can be considered 
to be a risk factor for developing albuminuria in T2DM [18,19]. The 
impairment of HDL function has also been investigated in diabetic 
nephropathy [20]. Under this background, purpose of this study was 
to find out the association and correlation between HDL level with 
albuminuria in Saudi patients with T2DM.

Methods
For the present retrospective study, we analyzed 1574 participants 

whom are between the age 20 to 96 years. All patients were from the 
population of the diabetic centre and Primary health centre at King 
Fahad Armed Forces Hospital, Jeddah, Saudi Arabia.  All data were 
collected on the basis of a review of electronic medical data. Weight 
(kg) and height (cm) were measured were recorded. Body mass index 
(BMI) was expressed as kg/m2 [21]. Participants were defined as having 
T2DM according to self-report, clinical reports, use of antidiabetic 
agents and HbA1c (≥ 6.5) [21]. HTN was defined when the systolic 
blood pressure was ≥ 130 mm Hg and/or diastolic blood pressure was 
≥85 mm Hg in addition to receiving any medication for hypertension 
[22]. All patients in the present study fulfilled the revised National 
Kidney Foundation criteria for the diagnosis of albuminuria [23]. 
The urine albumin to creatinine ratio (ACR) was used as the index of 
urinary albumin excretion. A urine sample was collected during the 
first morning voiding. Conventionally, subjects with ACR < 30 mg/g 
were defined as having normalalbuminuria (NA). Microalbuminuria 
(MI) was defined as 30 ≤ ACR < 300 mg/g and macroalbuminuria 
(MA) as ACR ≥ 300 mg/g [23-25]. A polyclonal radioimmunoassay 
was used for albumin measurement. 

Statistical analysis
Unpaired t-test analysis and Chi square (χ2) test (categorical data 

comparison) were used between variables to estimate the significance 
of different between groups for demographic and clinical laboratory. 
All statistical analyses were performed using SPSS Version 23.0. The 
difference between groups was considered significant when p < 0.05.

Results
A total of 1574 subjects (the mean age was 56.2 ± 12.1 years, 

minimum 20 years and maximum 96 years) were included in the 
analysis (Table 1). There were 956 females (60.7%). Mean BMI was 31.4 
± 6.1 kg/m2. HTN was present in 603 cases (57.4%). Mean HDL was 
1.16 ± 0.3 mmol/l with frequency of low level of HDL (< 1.04 mmol/l) 
was 587 cases (37.3%). The frequency of female subjects with NA, MI 
and MA were significantly higher than male (64.8% vs. 35.2%, 52.9% 
vs. 47.1% and 51.2% vs. 48.8% respectively, p < 0.0001). Subjects with 

MA were significantly older than subjects with MI or NA (59.2 ± 11.7, 
57.5 ± 12.4 and 55.5 ± 11.9 years respectively, p < 0.0001). Mean HDL 
in subjects with MA were significantly lower than subjects with NA or 
MI Subjects (1.06 ± 0.3, 1.18 ± 0.3 and 1.13 ± 0.3 mmol/l respectively, 
p < 0.0001). Moreover, the frequency of subjects with low level of HDL 
(< 1.04 mmol/l) was significantly higher than subjects with NA or MI 
Subjects (53.8%, 34.4% and 41.2% respectively, p < 0.0001). Moreover, 
the frequency of male subjects with low level of HDL in MI and MA 
were significantly higher than female subjects and the mean HDL was 
significantly lower in figure 1.  

Discussion 
The major finding of the current study was that low HDL was 

frequently associated with albuminuria. Moreover, Saudi male 
patients with low HDL were more likely to present with MA and 
MI than patients with NA. MI is the first clinical sign of diabetic 
vascular damage and is a predictor for progressive kidney damage, 
myocardial infarction and cardiovascular disease (CVD) mortality 
[26]. Once present, MI progresses over 5-10 years to MA in 22-50% 
of patients [27,28]. The development of MA is usually followed by a 
further decline in glomerular filtration rates [27,28]. This is similar 
to what Afghahi et al. [19] reported a significant difference in HDL 
levels between normoalbuminuric and microalbuminuric patients in 
3667 patients with T2DM which was lower in the microalbuminuric 
group [19]. On the contrary, Shen et al. [29] reported for HDL levels of 
microalbuminuric and normoalbuminuric groups in a 1069 hospital-
based population study; Perassolo et al. [30] also reported this finding 
in 2003 [29,30]. The diversity of the results in these different reports 
may be due to the effect of gender on renal damage associated with 
HDL particles. 

The importance of HDL particles in predicting renal damage in 
T2DM is still unknown, however, studies in endothelial cell cultures 
have demonstrated that HDL suppresses the expression of markers of 
inflammation and cell adhesion molecules in the early stages of diabetic 
nephropathy, which is compatible with the functional impairment of 
HDL molecules [31]. Moreover, Zhou et al. showed that the capacity of 
serum to induce cholesterol efflux is impaired in diabetic patients with 
incipient or overt nephropathy [20]. Low HDL is one of the clinical 
components of the metabolic syndrome and may be consequences 
of the underlying insulin resistance. Indeed, a growing body of 
evidence supports a pathogenic role of insulin resistance in kidney 
dysfunction through mechanisms involving glomerular hyperfiltration 
and increased vascular permeability caused by hyperinsulinemia, 
subclinical inflammation, or podocyte abnormalities [32,33]. These 
findings, mostly deriving from experimental studies, are supported 
by gene-association studies and interventional studies of the effect 

Parameters All subjects
(1775)

Urine microalbumin (g/min)
P value< 30

1213 (68.3)
30-300

486 (7.4)
> 300

76 (4.3)
Gender
Male 618 (39.3) 370 (35.2) 209 (47.1) 49 (48.8)

< 0.0001
Female 956 (60.7) 680 (64.8) 235 (52.9) 41 (51.2)
Age (years) 56.2 ± 12.1 55.5 ± 11.9 57.5 ± 12.4 59.2 ± 11.7 0.001
Body mass index (kg/m²) 31.4 ± 6.1 31.2 ± 6.0 31.8 ± 6.3 31.2 ± 6.9 0.2
Hypertension 603 (57.4) 546 (52.0) 296 (66.7) 61 (76.3) < 0.0001
High density lipoprotein (mmol/l)
Mean ± SD 1.16 ± 0.3 1.18 ± 0.3 1.13 ± 0.3 1.06 ± 0.3 < 0.0001
< 1.04 587 (37.3) 361 (34.4) 183 (41.2) 43 (53.8) < 0.0001

Table 1. Baseline demographic and clinical characteristics of all subjects and patients with albuminuria subgroups [mean ± standard deviation (SD) or number (%)])
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of insulin sensitizers on albuminuria progression [33]. On the other 
hand, dyslipidemia is not sufficient to initiate kidney damage since 
individuals without diabetes but with elevated cholesterol or TG 
levels rarely develop kidney disease; accordingly, it is plausible that 
the metabolic derangement typical of diabetes (hyperglycemia, insulin 
resistance) facilitates the lipotoxic effects on the microvascular bed and 
is necessary for DKD to develop.

Gender may be a factor that potentially influences the association 
of albuminuria risk with dyslipidemia [34]. Albuminuria occurs more 
frequently in male [35]. Females have significantly higher plasma levels 
of total cholesterol, triglycerides and HDL [36,37]. This is believed 
to be an important risk factor for cardiovascular events in females 
[38,39]. The effect of a worse lipid profile in females on the progression 
of diabetic nephropathy is less well studied. In keeping with our 
finding, male patients were significantly having lower HDL level. This 
is inconsistent with a previous study where we showed that different 
risk factors influence albuminuria in males and females; thus, HDL is 
considered as a risk factor for women, but not for men [40]. 

T2DM remains a tremendous challenge to public health 
worldwide. T2DM and HTN are common diseases that coexist at 
a greater frequency than chance alone would predict. HTN in the 
diabetic individual markedly increases the risk and accelerates the 
course of CVD, peripheral vascular disease, stroke, retinopathy, and 
nephropathy [41]. Patients with T2DM may be hypertensive for years 
prior to the onset of overt diabetes. At the time of diagnosis of T2DM, 

HTN is found in approximately 70-80% of patients. Still blood pressure 
rises further in those patients who subsequently develop diabetic 
nephropathy [42]. Reported prevalence of albuminuria in HTN have 
yielded variable results due to the chosen cutoff value, patient selection, 
and more importantly the duration of HTN and of prior treatment. In 
a cohort of 787 patients aged 18–72 years, a prevalence of MI of 8% 
was observed [43]. A prevalence of MI of 6% was found in a cohort of 
1,041 younger patients (aged 18–45 years) with untreated mild HTN 
[44]. Both were lower than our report and this finding was also strongly 
associated with poor glycemic control. Ahmedani et al. [45] showed 
MI had a higher systolic and diastolic blood pressure compared to 
microalbuminuria negative group (p < 0.001) [45]. Similarly, Arkedani 
et al. [46] and Varghese et al. [47] reported a good statistical correlation 
between the prevalence of MI and the diastolic blood pressure [46,47]. 
Pasko et al. [48] found that microalbuminuric patients had higher 
systolic and diastolic blood pressure, suggesting that systolic blood 
pressure is a significant risk factor for diabetic nephropathy [48]. 
Svenson et al. [49] showed that high blood pressure increased the risk 
of developing signs of nephropathy [49,50].

Despite its complications, T2DM is largely a preventable and 
treatable disease. Annual screening for MI in all patients with T2DM 
is recommended, as early treatment that includes CVD risk reduction 
strategies is critical [21]. The recent availability of MI dipstick test 
strips provides a Simple method for primary screening and continued 
monitoring in patients without overt proteinuria. In those who 
test positive for MI by the dipstick test, quantitative analysis should 
be carried out to confirm the diagnosis and assist in planning the 
treatment regimen. The principal strategy is to slow the progression of 
renal disease with aggressive antihypertensive treatment which should 
include agents that block the renin-angiotensin system.

This study has some limitations. It was a retrospective and not 
longitudinal, preventing determination of whether any risk factors 
were the cause or result of albuminuria. Moreover, this study was based 
on hospital-based population; thus, the correct sampling weights were 
not used for insufficient data, thus limiting the generalization of our 
results to the general population of Saudi Arabia. 

To conclude; our data clearly indicate low HDL levels as important 
risk factor for the development of albuminuria. The principal strategy 
is to slow the progression of renal disease with improving HDL levels. 
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