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Abstract

Objective: To assess the prevalence and risk factors of diabetic
nephropathy among Omani type 2 diabetics in Al-Dakhiliyah
region of the Sultanate of Oman.

Methods: A cross-sectional and a case control study designs
were used to assess the prevalence and risk factors respectively.
For the prevalence study a sample of 699 diabetic subjects were
selected randomly from two polyclinics in Al-Dakhiliyah region;
Sumail and Nizwa polyclinics. For the case control study, a sample
consisting of 215 cases and 358 controls were randomly selected
from those who were included in the cross-sectional study. A well
designed questionnaire has been used to collect data regarding
the disease and risk factors. Data was analyzed using SPSS19
statistical program.

Results: Total prevalence of diabetic nephropathy was calculated
as 42.5% (95% C.I: 38.83% - 46.15%). The difference in the
prevalence in the two polyclinic catchment area was not significant.
The prevalence was significantly higher among males (51.6%)
compared to females (36.5%). Crude analysis of the risk factors
showed significant association between diabetic nephropathy and
the following factors; male gender, decreased literacy, long duration
of diabetes mellitus, hypertension, retinopathy, neuropathy, family
history of diabetic nephropathy, poor glycemic control (high
HbA1c), and hypertriglyceridemia. Multivariate analysis showed
the following factors to be independent risk factors; male gender,
decreased literacy, long duration of diabetes, family history of
diabetic nephropathy and poor glycaemic control (high HbA1c).
Conclusion: The prevalence of diabetic nephropathy in this
study was 42.5% and the significant risk factors associated with it
included male gender, decreased literacy, long duration of diabetes,

family history of diabetic nephropathy and poor glycemic control
(high HbA1c).
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Introduction

Diabetic nephropathy is one of the most serious long-term
complications of diabetes mellitus (DM). Among all diabetes
complications diabetic nephropathy is the diabetes specific
complication with the greatest mortality.! DM is considered to
be the main reason to start renal replacement therapy in many
countries,? and has become the most common single cause of end-
stage renal disease (ESRD) in the USA and Europe, as well as in
many developed countries.>*

Worldwide, the number of patients with diabetes receiving
renal replacement therapy has doubled from 12.7 million in 1990-
1991 to 23.6 million in 1998-1999.° Although type 1 and type 2
DM both lead to ESRD, the majority of patients are those with
type 2, due to the much greater prevalence.®’

Oman now has a total population of approximately 3.174
million,® of which 2.018 million are Omanis. The prevalence of
DM is considered high (11.6%) in this country.’ In 2000, the
age-adjusted prevalence of diabetes among Omanis aged 30-64
years reached 16.1% compared with 12.2% in 1991, indicating an
increasing prevalence.”’

One published study could be found on diabetic nephropathy
in Oman, conducted in 2005. It showed a prevalence of
microalbuminuria of 27% and also found that HbA1lc, serum
creatinine and presence of hypertension were the most significant
predictors for microalbuminuria.'!

Data from the central dialysis center shows increasing
incidence of diabetic nephropathy on dialysis.”? Since type 2
DM is considered to be a major problem in Oman and limited
studies have been conducted to evaluate the prevalence of diabetic
nephropathy and its risk factors; this study was aimed to assess the
prevalence and risk factors of diabetic nephropathy in Omani type
2 diabetics in Al-Dakhiliyah region.

Methods

In this study, two study designs were used; a cross-sectional
design and a hospital based case control design in order to assess

the prevalence and the risk factors respectively. The reference
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population of this study was all Omani type 2 diabetics who are
already diagnosed by diabetologists (based on the world health
organization criteria) and following up their treatment in the
Ministry of Health institutions in Al-Dakhiliyah region. We
included Omanis only because almost all registered patients in the
concerned health institutions are Omanis. In addition we want to
study the above mentioned objectives in Omanis only to see the
situation among this population on whom very limited studies
were conducted regarding nephropathy.

Two polyclinics were selected for the study; Sumail and
Nizwa polyclinics. For the prevalence study, a sample of 699
diabetic subjects, 220 from Sumail polyclinic and 479 from Nizwa
polyclinic were selected as the diabetes population in Nizwa is
nearly twice that of Sumail. The sample was selected by systematic
sampling from a sampling frame maintained by the two polyclinics.
For the case control study a total sample of 573 subjects, which
consisted of 215 cases and 358 controls were randomly selected
from those who were included in the cross-sectional study. The
cases were selected from those who were diagnosed to have
diabetic nephropathy in the period between 2006 and 2010 as the
computerized information was available only from the year 2006
upward, while the controls were selected from those who were
free from diabetic nephropathy till 2010. Participants with other
causes of albuminuria, with incomplete diagnostics or those who
refused to participate were excluded.

A well designed questionnaire has been used to collect data
regarding the disease status and risk factors. All information was
obtained from the diabetes register maintained by the centers as
per guidelines of Ministry of Health and from the soft file of each
patient through medical records. Also telephonic interviews were
conducted to confirm or add any missing data.

Microalbumin/creatinine ratio was calculated after measuring
urine albumin and creatinine, Immunoturbimetric method was
used to measure urine albumin by a Japanese Hitachi instrument
and colorometric method was used to measure urine creatinine.
Urine samples from the two polyclinics were referred to the
regional hospital where the test is usually performed. A case was
diagnosed if 2 out of 3 consecutive tests were positive.

The study was approved by research ethics committee of
the college of Medicine and Health Sciences, Sultan Qaboos
University. Also an informed written consent was obtained from
each participant prior to data collection. The study was conducted
in the period between September 2010 and June 2011.

The data was entered in SPSSI19 statistical program for
analysis. Continuous variables were categorized according to
standard criterions and descriptive statistics, univariate analysis
and multivariate analysis were performed. Prevalence was
calculated and the association between various risk factors and
diabetic nephropathy was studied by chi-square test, odds ratio,
independent ttest, Mann-Whiteny test and stepwise logistic

regression.
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Results

Results of the cross-sectional study showed total prevalence of
diabetic nephropathy of 42.5% (with 95% confidence interval
as 38.83% - 46.15%). The two polyclinic catchment areas were
found to be similar in respect of diabetic nephropathy prevalence
(Sumail- 43.2%, Nizwa- 42.2%). The prevalence was significantly
higher among males (51.6%) compared to females (36.5%).

In the case control study sample, males constituted 38.2%
of the study group, and the mean age was 51.86 + 11.75.Socio-
demographic characteristics of the cases and controls are shown

in Table 1.

Table 1: Socio-demographic characteristics among cases and

controls.
Characteristic  Category oo CoT0S
Gender Males 98 (45.6)  121(33.8)
Females 117 (544) 237 (66.2)
Age 20-30 8(3.7) 15 (4.2)
30-40 30 (14.0) 34 (9.5)
40-50 46 (214) 95 (26.5)
50-60 77 (35.8)  120(33.5)
60-70 37(172)  74(20.7)
>70 17 (79) 20 (5.6)
BMI <25 44(213)  79(225)
25-30 79(38.2)  132(38.9)
>30 84 (40.6) 128 (37.8)
OAfgI;;Zdiangis 20-30 14 (6.5) 25 (7.0)
30-40 43(20.0) 51 (14.2)
40-50 79(367) 122 (34.1)
50-60 58 (27.0) 116 (32.4)
>60 21(9.8) 44 (12.3)
Literacy level Illite.rate / just 179 (873) 270 (79.2)
literate
School 19 (9.3) 43 (12.6)
College or above 7 (3.4) 28 (8.2)

Crude analysis of the risk factors showed significant
association between diabetic nephropathy and the following
factors; male gender, decreased literacy, long duration of diabetes
mellitus, hypertension, retinopathy, neuropathy, family history of
diabetic nephropathy, poor glycemic control (high HbAlc), and
hypertriglyceridemia. However, many factors that were found to
be associated with diabetic nephropathy in the crude analysis were
excluded by multivariate adjusted analysis as shown in the Table 2,
indicating that their crude association was most probably due to

other confounding factors.



Oman Medical Journal (2012) Vol. 27, No. 3: 212-216

Table 2: Crude and adjusted odds ratios for independent risk factors.

_ Crude odds ratio(95% C.I), Crude Adjusted odds ratio(95% C.I), ..
Characteristic Category adj. p value
p-value p-value p-value
Gender Males 1.6 (116-232) p=0.005  0.005 2.6 (156 - 4.26) p<0.001 <0.001
Females 1.00 1.00
Education Illiterate / read and write 2.7 (1.13 - 6.20) p=0.024 0.032 6.9 (1.85 - 25.93) p=0.004 0.005
Literacy Level
School 1.8 (0.66 - 4.75) p=0.259 3.1 (0.73 - 13.21) p=0.126
College or above 1.00 1.00
Duration of DM >5 1.00 <0.001 1.00 0.037
(years) 5-10 2.1 (1.38 - 3.07) p=0.001 2.0 (1.16 - 3.52) p=0.014
10-15 2.1(1.31-3.50) p =0.002 2.0 (1.04 - 3.84) p=0.037
>15 3.3 (1.49 - 7.22) p=0.003 2.2(0.86 - 5.72) p=0.099
Family history Present 2.1(1.03 - 4.25) p=0.041 0.037 2.8 (1.05 - 7.45) p=0.039 0.039
of diabetic Absent 1.00 1.00
nephropathy
HbA1C <7 1.00 <0.001 1.00 <.001
at diagnosis 7-8 1.5 (0.88 - 2.41) p=0.142 1.5 (0.83 - 2.78) p=0.180
>8 3.4 (2.25 - 5.28) p<0.001 2.8 (161 - 4.86) p<0.001

The multivariate stepwise logistic analysis showed that
diabetic nephropathy was independently associated with; male
gender, decreased literacy, longer diabetes duration, family history

of diabetic nephropathy and poor glycemic control.
Discussion

The present study showed high rate of diabetic nephropathy
(microalbuminuria and macroalbuminuria) as the calculated
prevalence was 42.5% (95% C.I: 38.83 - 46.15). The prevalence
of microalbuminuria in patients with type 2 diabetes varies with
ethnicity, being higher in Asians and Hispanics than in Whites
(43% vs. 33%).12

One earlier study conducted in Oman reported the prevalence
of microalbuminuria as 27%.* However, that study did not
include macroalbuminuria in its prevalence and only dealt
with microalbuminuria, which may be the reason for the lower
prevalence rate. Another reason for the lower rate in that study
might be the difference in the diagnostic test used. In present
study, we depended on microalbumin/creatinine ratio, and in the
above study 24-hrs urine protein measurement was used.

A study conducted using a sample from 3 Gulf countries:
Bahrain, UAE and Oman reported an overall albuminuria
prevalence of 36%. The prevalence was 42.5% in Bahrain, 34.5% in
UAE and 29% in Oman. The prevalence of the present study was
similar to that of Bahrain."* Another study conducted in Bahrain
showed an overall albuminuria prevalence of 42.3% which is
again comparable to our result.”” In addition, a high prevalence of
albuminuria (52.8%) was reported in one of the studies conducted

in Saudi Arabia which is high compared to our result.'®

Studies conducted in neighboring Asian countries reported

variability in the prevalence of microalbuminuria'®?

ranging from
14.2% in Iran to 36.3% in India. Recently, the MAP study had
shown the alarming high prevalence of albuminuria. The highest
prevalence of microalbuminuria was observed in Korea (56.5%)
and the lowest in Pakistan (24.2%).**

In the United Kingdom Prospective Diabetes Study,® the
total prevalence of nephropathy was reported as 30.8%, which is
lower than our results. While in other European countries, the
total prevalence was observed as 47%.%

In the above mentioned studies the variations in the prevalence
of albuminuria can be attributed to disparities in several factors
such as; study design, source of study population, sample selection,
race, age and sex structure of the study population, the definition
of albuminuria and diabetic nephropathy, as well as the methods
of measurement of albuminuria and urine collection, diabetic
duration, and diabetic treatment, etc. As for risk factors, analysis
showed that male gender is an independent risk factor for
diabetic nephropathy. A strong association between male gender
and diabetic nephropathy has repeatedly been reported in the
literature,!>192227

The present study showed that the age factor is not associated
with diabetic nephropathy. This result was consistent with many
other studies.””?"?® It seems that age is not important and what
is important is the duration of diabetes. The multivariate analysis
showed that the diabetes duration is an independent risk factor
for diabetic nephropathy and this is consistent with most other
15,16,2931

related studies.

The present study showed that the literacy status is an
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independent risk factor for diabetic nephropathy. It showed that
the risk for nephropathy increases as literacy decreases. Studies
have shown that the highest percentage of type 2 nephropathy
was found in patients with no school education and the lowest
percentage was found in patients who had university level
education.??

Low literacy as a component of low socio-economic status is
well known to be associated with many chronic diseases. People
with diabetes and low level of education have lower utilization
rates of checks and services required for diabetes care; and
therefore result in a worse outcome in terms of complications as
reported by other studies.”® In addition, patients with low literacy
levels usually have less knowledge about treatment and importance
of diabetic control as well as compliance to medication.

However, with the association between hypertension and
diabetic nephropathy was established by most of the related

studies,?>343¢

the present study showed a conflicting result.
It showed that the presence of hypertension was a significant
risk factor for nephropathy by univariate analysis but not by
multivariate analysis. The possible explanation for this conflicting
finding in the present study may be the definition of hypertension.
In this study, hypertension was considered if the patient was
labeled in the file as hypertensive. Blood pressure of the subjects
mentioned as non-hypertensive was not rechecked. It may be that
areasonable number of them were having HTN with nephropathy
but could not be detected.

The present study also did not detect any association between
retinopathy and nephropathy. Surprisingly in the present
study, only 13.7% of all patients with diabetic nephropathy had
concomitant retinopathy, which is less than expected. However,
few studies reported low prevalence of retinopathy among
nephropathic patients,’”* but their results were not as low as in
the present study. Usually, retinopathy and other microvascular
complications like neuropathy proceed the onset of nephropathy
expecting strong association between them. A possible explanation
for under reporting retinopathy in our results may be the
difference in method and accuracy of diagnosing retinopathy. In
our study, retinopathy was diagnosed by junior ophthalmologists
using simple fundoscopy which may underestimate retinopathy in
nephropathic patients.

The present study emphasizes the role of genetic predisposition
to diabetic nephropathy through the significant association
between positive family history of diabetic nephropathy and
development of diabetic nephropathy. This is consistent with
many related studies.*** The likelihood of developing diabetic
nephropathy is markedly increased in patients with a diabetic
sibling or parent who has diabetic nephropathy; these observations
have been made in both type 1 and type 2 diabetes.*>*

The present study results showed an independent association
between diabetic nephropathy and poor glycemic control (high
HbA Ic). Poor glycemic control is a well-known risk factor for most
diabetic complications, not only diabetic nephropathy. Most other

related studies have reported similar resules 1415272844
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However, diabetic nephropathy patients tend to have increased
hyperlipedimia and have a tendency of premature atherosclerosis;
however, no independent significant association was observed
between dyslipidemia and diabetic nephropathy in the present
study. Maybe because the patients were administered statins
for dyslipidemia; therefore, this study did not find any relation
between dyslipidemia and albuminuria.

Many limitations were encountered during this study. First,
it was not possible to double the number of controls due to time
limitations. Second, there is an area of missing data regarding
some variables (e.g. smoking, retinopathy...etc.), which may
have affected the results had they been available. Third, for
some variables; we depended on the patient information which
might have been influenced by recall bias. Also, we encountered
difficulties in obtaining the actual age at onset of diabetes and
hypertension. Another limitation was that renal biopsy which
is the gold standard diagnostic investigation was not performed.
Furthermore, obesity was defined using BMI in our study rather
than waist circumference, which if measured would have correlated

with albuminuria.
Conclusion

It was concluded that the prevalence of diabetic nephropathy in
this study was found to be as high as 42.5%, alarming the health
workers and decision makers to face this problem by anticipating
the present and future needs of therapeutic and preventive
measures. Male gender, decreased literacy, long duration of
diabetes, family history of diabetic nephropathy and poor glycemic
control (high HbA1c) were the significant associated risk factors.
Diabetics should be educated about the modifiable risk factors
especially those with high risk. Also this study should be taken as
the basis for further research in order to elucidate the problem in

greater detail.

Acknowledgements

The authors reported no conflict of interest and no funding was

received for this work.

References

1. Evans TC, Capell P. Diabetic nephropathy. Clin Diabetes 2000;18(1). http://
journaLdiabetes‘org/clinicaldiabetes/vl8n12000/ Pg7.htm. Accessed 22 May
2011.

2. Ritz E, Orth SR. Nephropathy in patients with type 2 diabetes mellitus. N
Engl ] Med 1999 Oct;341(15):1127-1133.

3. U.S.Renal Data System. USRDS 2005 Annual Data Report: Atlas of End-
Stage Renal Disease in the United States, National Institutes of Health,
National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda,
MD, 2005.

4. American Diabetic Association. Nephropathy in diabetes.Diabetic care,
Available  at:  http://care.diabetesjournals.org/content/26/6/1781.full.
Accessed on May 21, 2011.

5. Stengel B, Billon S, Van Dijk PC, Jager KJ, Dekker FW, Simpson K, et
al. Trends in the incidence of renal replacement therapy for end-stage
renal disease in Europe, 1990-1999. Nephrol Dial Transplant 2003
Sep;18(9):1824-1833.



Oman Medical Journal (2012) Vol. 27, No. 3: 212-216

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Vecihi Batuman. Diabetic nephropathy. Available at: http://emedicine.
medscape.com/article/238946-clinical#20256. Accessed on May 22, 2011.
Lu B, Wen ], Song XY, Dong XH, Yang YH, Zhang ZY, et al. High
prevalence of albuminuria in population-based patients diagnosed with
type 2 diabetes in the Shanghai downtown. Diabetes Research and Clinical
Practice. 2007 Feb; 75(2):184-192.

Directorate general of planning / Ministry of Health, Oman. Annual Health
Report 2009 A.D. 2010: chapter 1, page 4.

The World Health Organization. global info base. Available at: https://apps.
who.int/infobase/Indicators.aspx. Accessed on 23 May 2011.

Al-Lawati JA, Al Riyami AM, Mohammed AJ, Jousilahti P. Increasing
prevalence of diabetes mellitus in Oman. Diabet Med 2002 Nov;19(11):954-
957.

Al-Futaisi A, Al-Zakwani I, Almahrezi A, Al-Hajri R, Al-Hashmi L, Al-
Muniri A, et al. Prevalence and predictors of microalbuminuria in patients
with type 2 diabetes mellitus: a cross-sectional observational study in Oman.
Diabetes Res Clin Pract 2006 May;72(2):212-215.

Oman renal data system, renal dialysis center, DGHS, Muscat, MOH.
Parving HH, Lewis JB, Ravid M, Remuzzi G, Hunsicker LG; DEMAND
investigators. Prevalence and risk factors for microalbuminuria in a referred
cohort of type II diabetic patients: a global perspective. Kidney Int 2006
Jun;69(11):2057-2063.

Prashant P, Sulaiman KJ, Kadaha G, Bazarjani N, Bakir S, El Jabri K, et al.
Prevalence and risk factors for albuminuria among type 2 diabetes mellitus
patients: A Middle-East perspective. Diabetic Research and clinical practice.
2010:d0i:10.1016/j.diabres.2010‘02.004.

Modebe O, Masoomi MA. Microalbuminuria and associated factors in
Bahraini patients with type 2 diabetes mellitus. Ann Saudi Med 2000
Mar;20(2):157-160.

Huraib S, Abu-Aisha H, Sulimani RA, Famuyiwa FO, Al-Wakeel ],
Askar A, et al. The pattern of diabetic nephropathy among Saudi patients
with noninsulin-dependent diabetes mellitus. Ann Saudi Med 1995
Mar;15(2):120-124.

Afkhami-Ardekani M, Modarresi M, Amirchaghmaghi M. Prevalence of
microalbuminuria and its risk factors in type 2 diabetic patients. Indian. J
Nephrol 2008;18(3):112-117.

IranparvarAlamdari M. Aminisani N, Bashardoost B, Shamshirgaran
SM, Khodamo-radzadeh M, Shokrabadi M, Olomi B. prevalence and Risk
Factors of Microalbuminuria in Type 2 Diabetic Patients in a Diabetic Clinic
of Ardabil-Iran. Int ] Endocrinol Metab 2006;4:8-12.

Ahmedani MY, Hydrie MZ, Igbal A, Gul A, Mirza WB, Basit A. Prevalence
of microalbuminuria in type 2 diabetic patients in Karachi: Pakistan: a multi-
center study. ] Pak Med Assoc 2005 Sep;55(9):382-386.

Vijay V, Snehalatha C, Ramachandran A, Viswanathan M. Prevalence of
proteinuria in non-insulin dependent diabetes. ] Assoc Physicians India 1994
Oct;42(10):792-794.

Shekiba M, Afkhami-Ardekani M, Orafa AM. The prevalence of micro and
macroalbuminuria in diabetic patients referring to diabetes research center. J
ShahidSadoughiUniv Med Sci Health Services 2003;10:20-24.

Varghese A, Deepa R, Rema M, Mohan V. Prevalence of microalbuminuria
in type 2 diabetes mellitus at a diabetes centre in southern India. Postgrad
Med ] 2001 Jun;77(908):399-402.

Ko GT, Chan JC, Lau M, Cockram CS. Diabetic microangiopathic
complications in young Chinese diabetic patients: a clinic-based cross-
sectional study. ] Diabetes Complications 1999 Sep-Dec;13(5-6):300-306.
Wu AY, Kong NC, de Leon FA, Pan CY, Tai TY, Yeung VT, et al. An
alarmingly high prevalence of diabetic nephropathy in Asian type 2 diabetic
patients: the MicroAlbuminuria Prevalence (MAP) Study. Diabetologia
2005 Jan;48(1):17-26.

25. Adler Al Stevens RJ, Manley SE, Bilous RW, Cull CA, Holman RR; UKPDS

GROUP. Development and progression of nephropathy in type 2 diabetes:
the United Kingdom Prospective Diabetes Study (UKPDS 64). Kidney Int
2003 Jan;63(1):225-232.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Gall MA, Rossing P, Skett P, Damsbo P, Vaag A, Bech K, et al. Prevalence of
micro- and macroalbuminuria, arterial hypertension, retinopathy and large
vessel disease in European type 2 (non-insulin-dependent) diabetic patients.
Diabetologia 1991 Sep;34(9):655-661.

Gall M-A, Hougaard P, Borch-Johnsen K, Parving HH. Risk factors for
development of incipient and overt diabetic nephropathy in patients with
non-insulin dependent diabetes mellitus: prospective, observational study.
BM] 1997 Mar;314(7083):783-788.

Allawi J, Rao PV, Gilbert R, Scott G, Jarrett R], Keen H, et al.
Microalbuminuria in non-insulin-dependent diabetes: its prevalence in
Indian compared with Europid patients. Br Med J (Clin Res Ed) 1988
Feb;296(6620):462-464.

Unnikrishnan RI, Rema M, Pradeepa R, Deepa M, Shanthirani CS, Deepa
R, et al; American Diabetic Association, Prevalence and risk factors of
diabetic nephropathy in an urban South Indian population: the Chennai
Urban Rural Epidemiology Study (CURES 45). Diabetes Care 2007
Aug;30(8):2019-2024.

Mather HM, Chaturvedi N, Kehely AM. Comparison of prevalence and risk
factors for microalbuminuria in South Asians and Europeans with type 2
diabetes mellitus. Diabet Med 1998 Aug;15(8):672—677.

Sigdel M, Rajbhandari N, Basnet S, Nagila A, Basnet P, Tamrakar BK;
M SigdelM. Microalbuminuria among type-2 diabetes mellitus patients in
Pokhara, Nepal. Nepal Med Coll ] 2008 Dec;10(4):242-245.
GoharRehman. SumeraAfzal Khan, Muhammad Hamayun.Studies on
diabetic nephropathy and secondary diseases in type 2 diabetes.INT. J.
DIAB. DEV., Countries. 2005;25:25-29.

Joost BW, van der Meer, John P. Mackenbach. The care and course of
diabetes: differences according to level of education. Health Policy. 1999 Jan;
46(2): 127-141.

Retnakaran R, Cull CA, Thorne KI, Adler AI, Holman RR; UKPDS Study
Group. Risk factors for renal dysfunction in type 2 diabetes: U.K. Prospective
Diabetes Study 74. Diabetes 2006 Jun;55(6):1832-1839.

Ravid M, Brosh D, Ravid-Safran D, Levy Z, Rachmani R. Main risk factors
for nephropathy in type 2 diabetes mellitus are plasma cholesterol levels, mean
blood pressure, and hyperglycemia. Arch Intern Med 1998 May;158(9):998-
1004.

Schrier RW, Estacio RO, Esler A, Mehler P. Effects of aggressive blood
pressure control in normotensive type 2 diabetic patients on albuminuria,
retinopathy and strokes. Kidney Int 2002 Mar;61(3):1086-1097.

Chavers BM, Mauer SM, Ramsay RC, Steffes MW. Relationship
between retinal and glomerular lesions in IDDM patients. Diabetes 1994
Mar;43(3):441-446.

Lévestam-Adrian M, Agardh E, Agardh CD. The incidence of nephropathy
in type 1 diabetic patients with proliferative retinopathy: a 10-year follow-up
study. Diabetes Res Clin Pract 1998 Jan;39(1):11-17.

Adler S. Diabetic nephropathy: Linking histology, cell biology, and genetics.
Kidney Int 2004 Nov;66(5):2095-2106.

Krolewski AS, Fogarty DG, Warram JH. Hypertension and nephropathy in
diabetes mellitus: what is inherited and what is acquired? Diabetes Res Clin
Pract 1998 Apr;39(Suppl):S1-S14.

Cooper ME. Pathogenesis, prevention, and treatment of diabetic
nephropathy. Lancet 1998 Jul;352(9123):213-219.

Trevisan R, Viberti G. Genetic factors in the development of diabetic
nephropathy. ] Lab Clin Med 1995 Oct;126(4):342-349.

Satko SG, Langefeld CD, Daeihagh P, Bowden DW, Rich SS, Freedman BI.
Nephropathy in siblings of African Americans with overt type 2 diabetic
nephropathy. Am J Kidney Dis 2002 Sep;40(3):489-494.

Kanakamani J, Ammini AC, Gupta N, Dwivedi SN. Prevalence of
microalbuminuria among patients with type 2 diabetes mellitus—a hospital-
based study from north India. Diabetes Technol Ther 2010 Feb;12(2):161-
166.

@B Oman Medical Specialty Board



