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Abstract 
Background:  Diabetic nephropathy is an emerging clinical and public health challenge 

and is related with adverse outcomes including ESRD and heart failure, as well as kidney 

replacement therapy , deaths related to these terminal illnesses . Diabetic kidney disease 

DKD and CVD are leading causes of morbidity and mortality  in T2DM. The Neutrophil 

Gelatinase Associated Lipocalin (NGAL) is specifically released into blood and urine as 

a reaction to nephron injury. Higher levels of NGAL were reported in patients with 

diabetes in comparison to healthy nondiabetic individuals. 

The aim of study: The study aims to evaluate the The study aims to evaluate the serum 

NGAL  as biomarker for early detection of nephropathy in type 2 diabetic 

patients.Patients & Methods: Case control study was carried out in Salah-Addin city in 

private nephrologist clinic from 1t October 2020 to 1st February 2021.The study included 

conducted on 90 individuals , 60  diagnosed T2DM patients ( 30 had diabetic 

nephropathy which had albuminurea and 30 had diabetic without nephropathy had normal 

urine albumin)  and the remaining 30 who participated as a control group. Blood samples 

were collected from each patients and controls to evaluate the levels of  NGAL. All data 

were analyzed by a computer using SPSS program.Results:The study showed significant 

difference in serum NGAL (mean±SE) (1131.00±84.88 pg\ml ) . The Pearson correlation 

test showed that there was non significant negative Correlation of serum NGAL with age 

and  with serum creatinine.Conclusions: The results of the current study showed a 

significant increase in serum NGAL level of DN patients with T2DM and may be 
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considers a good biomarker for prediction in the case of diabetic nephropathy. 

Keywords: Diabetic nephropathy; Type 2 Diabetes Mellitus; Neutrophil Gelatinase 

Associated Lipocalin. 

Introduction 

      Diabetes mellitus (DM) is a common and serious metabolic condition which presents 

a major challenge in twenty-first-century healthcare. The global prevalence of DM has 

dramatically increased from 108 million in 1980 to 451 million in 2017 and this number 

continues to rapidly rise 
(1)

. From a medical perspective, it represents a series of 

metabolic conditions associated with hyperglycaemia and caused by partial or total 

insulin insufficiency 
(2,3)

. The most prevalent form of diabetes by far is T2DM , affecting 

about 90 % of people with diabetes, while the remaining 10 % mainly have T1DM or 

gestational diabetes 
(4)

 . It can lead to progressive development of  multidimensional 

complications as to vascular system of human body . Complications of micro-vascular 

endpoints may include retinopathy, nephropathy and neuropathy, While Cardiovascular 

disorders, heart failure, atherosclerosis and cerebrovascular events primarily result from 

damage to the macrovasculature 
(5,6)

. Diabetic nephropathy is an emerging clinical and 

public health challenge and is related with adverse outcomes including ESRD and heart 

failure, as well as kidney replacement therapy , deaths related to these terminal illnesses
 

(7)
. Diabetic kidney disease DKD and CVD are leading causes of morbidity and mortality  

in T2DM
 (8) 

.  The terms Diabetic nephropathy  and DKD are used interchangeably to 

describe a set of characteristic clinical and pathologic findings. The main clinical findings 

of DKD are the presence of albuminuria, progressive  CKD, and less commonly 

microscopic hematuria. Diabetes is the most common cause of the nephrotic syndrome. 

Proteinuria is first detected by screening for albumin in the urine 
(9)

. Various factors may 

be associated with a worsening renal disease among diabetic patients. Some of the major 

factors include genetic predisposition , improper  control of blood sugar  and 

hypertension 
(7)

.  Growing evidence supports an integral role of tubular and interstitial 

compartments damage in the pathogenesis of DKD, which correlates well with 

progressive renal function decline and represents a final common pathway of CKD
(10)

. 

Neutrophil gelatinase-associated lipocalin is expressed in very minimal levels in 
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numerous pathological and experimental-induced conditions in many organs and tissues 

such as liver, kidney, lungs, bone, brain, hearts, stomach, and colon 
(11)

 . Neutrophil 

gelatinase-associated lipocalin has been recognized as one of the most promising 

biomarkers of the early stages of kidney damage in DKD 
(10)

. Tubulointerstitial injury 

plays an important role in DN development process and even prior to glomerular injury. 

In addition, about one third of the patients with diabetes mellitus have decreased renal 

function prior to proteinuria
(12)

. In physiological process, recent researches have proved 

that NGAL can trigger nephrogenesis by stimulating the conversion of mesenchymal 

cells into kidney epithelia. Serum NGAL increases in the very early stage of diabetic 

nephropathy and drops down as the disease develops
(11)

. we should pay more attention to 

the biomarkers of tubulointerstitial injury such as NGAL , which can contribute to the 

early diagnosis and treatment of DN patients
(12)

. Neutrophil gelatinase-associated 

lipocalin is a secreted protein and can be quantified in plasma or serum. Neutrophil 

gelatinase-associated lipocalin levels analysis is also possible in urine . These elements, 

combined with its good stability and resistance to proteases, make it a biomarker of 

choice for clinical use
(13) 

. 

Patients and Method 

case control study  conducted on 90 individuals , 60  diagnosed T2DM patients ( 30 had 

diabetic nephropathy which had albuminurea and 30 had diabetic without nephropathy 

had normal urine albumin)  and the remaining 30 who participated as a control group. 

The study carried out in Salah al-Din Governorate Tikrit City, a private nephrologist 

clinic from 1t Octoberr,2020 to 1st February,2021. The information about patients in this  

study was retrieved from patient’s itself. Their mean ages were(51.07±1.35) years and 

mean BMI (mean±SE) (25.83±0.38) . The criteria of exclusion include those diagnosed 

as T1DM  ,  kidney disease other than DN , Patients with a history of usage of renin–

angiotensin system inhibitors , history of usage of nonsteroidal anti-inflammatory drug 

(NSAID), nephrotoxic medications, or immunosuppressant , pregnancy were also 

excluded from the study.The diabetic patients (with and without) nephropathy were 

diagnosed by analysis Random blood glucose , HbA1c and  presense or absense 

albuminurea. About five milliliters of blood were collected from the antecubital vein of 
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patients and controls in plain tubes without any anticoagulant at room temperature for 10-

15 minutes and allowed to clot. The  tube then were centrifuged (3000 rpm) for 15min. 

The  clear serum was pipetted into clear dry Eppendorf’s and stored at (-20οC) until used 

for the various investigations (NGAL ,RBS, Blood urea, Creatinine and HbA1c%). The 

levels of NGAL  was measured by using Enzyme-linked immunosorbent assay (ELISA). 

About 10 milliliters of urine were collected  to test Albuminuria which tested by dipstick 

methodBody mass index (BMI) and Glomerular filtration rate (eGFR) were calculated. 

All data were analyzed by a computer using SPSS program 

Results 

      The study showed there was significant difference level in DN patients compared to 

diabetic patients without nephropathy, and healthy control group concerning NGAL 

level. The highest mean of  NGAL(mean±SE) (1131.00±84.88 pg\ml ) was occurred in 

DN patients. as shown in the Table 1. 

Table 4-1: Level of Neutrophil Gelatinase-Associated Lipocalin in Diabetic 

Nephropathy and Diabetic Without Nephropathy Patients and Control Group. 

  NGAL(pg\ml) 

Groups  D& N D Cont 

No. 30 30 30 

Mean 1131.00 388.74 124.94 

SE 84.88 68.02 2.92 

 

P . value 

0.01   

0.01 

    

     Pearson’s correlation test reveals that there were non significant negative Correlation 

between NGAL with age(r = - 0.14)  and serum creatinine (r = - 0.14) in DN patients As 

showen in figures(1,4) . While our findings showed there was no correlation with BMI (r 
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= - 0.08), duration of disease(r = - 0.06), blood urea(r = - 0.009) and eGFR (r = - 0.09). 

As showen in figures(2,3,5and 6) 

Figure 1: Correlation Between NGAL and Age in DN Patients 
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Figure 2 : Correlation Between NGAL and BMI in DN Patients 
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Figure 3 : Correlation Between NGAL and Duration of Disease in DN 

Patients. 

Figure 4-4 : Correlation Between NGAL and Serum Creatinine in DN 

Patients. 
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Figure 4-6 : Correlation Between NGAL and eGFR in DN Patients.  
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Figure 4-6 : Correlation Between NGAL and eGFR in DN Patients.  

Discussion 

      Diabetic nephropathy  is one of the most common complications of T2DM and a 

strong predictor of end-stage renal disease in these patients
(14)

. The pathophysiologic 

changes in DN linked to renal function decline are associated with cellular and 

extracellular derangements in both the glomerular and tubular compartments
(15)

. Standard 

biomarkers including serum creatinine, estimated glomerular filtration rate and 

albuminurea are imprecise, do not directly measure renal tissue injury, and are relatively 

insensitive to small changes in renal function. So, there is a need for another biomarkers 

that might provide a sensitive and fast means for identification of the progression of DN 

(16,14,17)
. Early diagnosis of DN  is difficult due to the fact that up to 50% of kidney 

function can be lost even before creatinine rises. In this study, the levels of NGAL,, as 

well as its relationships with various study parameters, were measured in DN patients. 

This approach is crucial for deciding whether these parameters can be used as early 

biomarkers of DN daigonosis.Results presented in (Table 1 ) show increased in the 
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NGAL (pg / ml) level in DN patients compared to diabetic patients without nephropathy, 

and healthy control group. The mean value of serum (NGAL) was significantly higher in 

DN than to diabetic patients without nephropathy   and healthy control group (p = 0.01). 

In agreement with our findings in studying the elevation of t serum NGAL level is 

significantly increased in DN  patients , DyabAllawi  et al 
(18)  

and Sueud et al
 (19)

, The 

results of these studies showed that serum NGAL level is significantly increased in 

diabetic patients with microalbuminuria compared to diabetic patients with normal 

albuminuria and control group.  Similarly, Motawi et al 
(20)

 Mahfouz
 
et al 

(21 ) 
, registered 

serum NGAL was significantly higher in T2DM with microalbuminuria group compared 

to T2DM with normalbuminuria and control groups with significant positive correlation 

with age and duration of DM. The findings of Abbasi et al 
(22)

 suggest that urinary NGAL 

levels increase before the onset of traditional markers (eGFR and albuminuria) in T2D 

patients , which indicates that urinary NGAL could be a complementary measurement in 

the early diagnosis of diabetic nephropathy .Kapoula et al 
(23) 

also agreed with our current 

findings and summarized, NGAL values, both serum and urine, showed an increased 

trend achieving the highest concentrations in patients with the highest degree of severity 

of DN.  Kaul et al
 (24)

 and Vijay et al 
(25)  

also agreed with our current findings and 

reported that NGAL level was significantly higher in diabetic individuals with 

albuminuria as comparing with healthy control. The study was disagreed with study done 

earlier by Sharif  et al 
(11)

 on Urine samples of 123 patients were acquired from the Qatar 

Biobank the  results of this study showed no significant difference was found in mean 

values of NGAL concentrations in healthy patients, diabetic patients with HbA1c>6% 

and diabetic patients with  HbA1c<6% (p>0.05). Despite the lack of an adequate 

explanation, authors suggested that serum NGAL may increase in the very early stage of 

diabetic nephropathy and drop down as the disease develops; as the disease progresses, 

excretion of NGAL in urine increases and the absorption function of tubule decreases. 

(26)
. The results showed that non significant negative Correlation between NGAL with 

age(r = - 0.14)  and serum creatinine (r = - 0.14) in DN patients. In agreement with the 

current study Sueud et al
 (19 )

  showed that was NGAL negatively correlated with the age 

in diabetic patients with nephropathy.  Also our finding results agreed with the 
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 El-ijla et al
 (27) 

found that uNGAL express a statistically significant negative correlation 

with creatinine (r = -0.273, p = 0.018).   In the other hand unlike our results a study done 

by Quang et al 
(28)

 and Bennett et al 
(29 )

  registered there was a positive Correlation 

between NGAL and age. Bolignano et al
(30)

 and Papadopoulou
(31)

 who found that NGAL 

was positively correlated with creatinine. Hafez et al 
(32)

 and  Nielsen et al 
(33) 

 were 

found  that there was no association between NGAL and age. Unlike our results studies 

done by  Lacquaniti et al
(34)

 and Zachwieja et al
(35) 

 they found no correlation NGAL and 

Serum Creatinine. our findings showed there was no correlation with BMI (r = - 0.08), 

duration of disease(r = - 0.06), blood urea(r = - 0.009) and eGFR (r = - 0.09).Studies 

agreed with Our finding results Sharif  et al 
(11)

, El-ijla et al
 (27)

 observed  that NGAL has 

no correlation with BMI, duration of disease and eGFR . Our finding results also agreed 

with the study done by Quang et al 
(28)

 and Machado et al 
(36)

 who reported that there was 

no Correlation between NGAL and blood urea. In the other hand unlike our results a 

study done by Sueud et al
 (19 )

  showed that was NGAL negatively correlated with the 

BMI. While study done by Na et al 
(37)  

found that serum NGAL levels were positively 

correlated with BMI.   Also in contrast to our study results studies done by  DyabAllawi  

et al 
(18)

, Mahfouz
 
et al 

(21)   they found statistical positive association was found between 

NGAL and duration of  the disease while showed that there was negative correlation 

between serum NGAL and eGFR. The variation in findings may be due to sample size, 

type of diabetes, type of kidney injury, stage of disease ,or ethnicity
(11 )

 . 

Conclusion 

    In comparison to diabetic patients without nephropathy and a healthy control group, 

the serum level of Neutrophil Gelatinase-Associated Lipocalin increased in DN patients. 

NGAL may be used as a predictive marker for the early detection of DN in patients with 

T2DM. 

References 

1. Abdelseed , N. A. H. . (2021). Glycemic Control and Knowledge among Children 

and Adolescents with Type 1 Diabetes Mellitus: A Cross-sectional Study . Journal 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 14028-14042 
Received 25 April 2021; Accepted 08 May 2021. 

 

http://annalsofrscb.ro         14039 

 
 

of Scientific Research in Medical and Biological Sciences, 2(1), 1-9. 

https://doi.org/10.47631/jsrmbs.v2i1.149 

1. Gnudi L, Long DA. Diabetic Nephropathy: Methods and Protocols: Springer; 

2020. 

2. Dinneen AMESF. What is diabetes? MEDICINE. 2019;1-4:74. 

3. Khalaf MR, Ahmeid MS, Jihad O, Hashim A, Jabar A. Evaluation the Role of 

Malondialdehyde in Occurrence and Development of Diabetic Retinopathy 

Patients. Medico-Legal Updat. 2021;21(1):1400–8. 

4. Ahlqvist E, Storm P, Käräjämäki A, Martinell M, Dorkhan M, Carlsson A, et al. 

Novel subgroups of adult-onset diabetes and their association with outcomes: a 

data-driven cluster analysis of six variables. The lancet Diabetes & 

endocrinology. 2018;6(5):361-9. 

5. Solis-Herrera C, Triplitt C, Reasner C, DeFronzo RA, Cersosimo E. Classification 

of diabetes mellitus. Endotext [Internet]. 2018. 

6. Dendup T, Feng X, Clingan S, Astell-Burt T. Environmental risk factors for 

developing type 2 diabetes mellitus: a systematic review. International journal of 

environmental research and public health. 2018;15(1):78. 

7. Wagnew F, Eshetie S, Kibret GD, Zegeye A, Dessie G, Mulugeta H, et al. 

Diabetic nephropathy and hypertension in diabetes patients of sub-Saharan 

countries: A systematic review and meta-analysis. BMC Res Notes [Internet]. 

2018;11(1):1–7. Available from: https://doi.org/10.1186/s13104-018-3670-5 

8. Bjornstad P, Laffel L, Lynch J, El ghormli L, Weinstock RS, Tollefsen SE, et al. 

Elevated serum uric acid is associated with greater risk for hypertension and 

diabetic kidney diseases in obese adolescents with type 2 diabetes: An 

observational analysis from the treatment options for type 2 diabetes in 

adolescents and youth (today) stu. Diabetes Care. 2019;42(6):1120–8.  

9. Shah L.  , Burgner A. "DIABETIC KIDNEY DISEASE.". In: First Edition-E-

Book . South Asia , Nephrology Secrets; (2018): 211 

10. Duan S, Chen J, Wu L, Nie G, Sun L, Zhang C, et al. Assessment of urinary 

NGAL for differential diagnosis and progression of diabetic kidney disease. J 

Diabetes Complications [Internet]. 2020;34(10):107665. Available from: 

https://doi.org/10.1016/j.jdiacomp.2020.107665 

11. Sharif E, Alwakeel M. Neutrophil Gelatinase Associated Lipocalin: Is not an 

Early Marker Inductor for Diabetic Nephropathy in Qatari Population. 2019. 

12. Zhang J, Liu J, Qin X. Advances in early biomarkers of diabetic nephropathy. 

Rev Assoc Med Bras. 2018;64(1):85–92.  

https://doi.org/10.1016/j.jdiacomp.2020.107665


Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 14028-14042 
Received 25 April 2021; Accepted 08 May 2021. 

 

http://annalsofrscb.ro         14040 

 
 

13. Buonafine M, Martinez-Martinez E, Jaisser F ric. More than a simple biomarker: 

The role of NGAL in cardiovascular and renal diseases. Clin Sci. 

2018;132(9):909–23.  

14. Aghadavod E, Soleimani A, Amirani E, Khatami PG, Akasheh N, Chaleshtori RS, 

et al. Comparison between biomarkers of kidney injury, inflammation, and 

oxidative stress in patients with diabetic nephropathy and type 2 diabetes mellitus. 

Iran J Kidney Dis. 2020;14(1):31–5.  

15. Papadopoulou-Marketou N, Margeli A, Papassotiriou I, Chrousos GP, Kanaka-

Gantenbein C, Wahlberg J. NGAL as an Early Predictive Marker of Diabetic 

Nephropathy in Children and Young Adults with Type 1 Diabetes Mellitus. J 

Diabetes Res. 2017;2017:1–8.  

16. Satirapoj B. Tubulointerstitial biomarkers for diabetic nephropathy. Journal of 

diabetes research. 2018;2018. 

17. Al-Barshomy SM, Mostafa MES, Shaker GE, Wahab LA. Serum and urinary 

pentraxin-3 levels in type 2 diabetes and its relation to diabetic nephropathy. 

Egypt J Intern Med. 2018;30(4):182–90. 

18. A. kahdem A, A. DyabAllawi A, Z. Nada S, M. Turki K. Neutrophil gelatinase 

associated lipocalin (NGAL) in early detection of nephropathy in type 2 diabetic 

Iraqi patients. J Fac Med. 2017;59(1):74–8.  

19. Sueud T, Hadi NR, Abdulameer R, Jamil DA, Al-Aubaidy HA. Assessing urinary 

levels of IL-18, NGAL and albumin creatinine ratio in patients with diabetic 

nephropathy. Diabetes Metab Syndr Clin Res Rev [Internet]. 2019;13(1):564–8. 

Available from: https://doi.org/10.1016/j.dsx.2018.11.022  

20. Motawi TK, Shehata NI, ElNokeety MM, El-Emady YF. Potential serum 

biomarkers for early detection of diabetic nephropathy. Diabetes Res Clin Pract 

[Internet]. 2018;136:150–8. Available from: 

https://doi.org/10.1016/j.diabres.2017.12.007 

21. Mahfouz MH, Assiri AM, Mukhtar MH. Assessment of neutrophil gelatinase-

associated lipocalin (NGAL) and retinol-binding protein 4 (RBP4) in type 2 

diabetic patients with nephropathy. Biomark Insights. 2016;11:31–40.  

22. Abbasi F, Moosaie F, Khaloo P, Dehghani Firouzabadi F, Fatemi Abhari SM, 

Atainia B, et al. Neutrophil Gelatinase-Associated Lipocalin and Retinol-Binding 

Protein-4 as Biomarkers for Diabetic Kidney Disease. Kidney Blood Press Res. 

2020;45(2):222–32.  

23. Kapoula G V., Kontou PI, Bagos PG. Diagnostic Accuracy of Neutrophil 

Gelatinase-Associated Lipocalin for Predicting Early Diabetic Nephropathy in 

Patients with Type 1 and Type 2 Diabetes Mellitus: A Systematic Review and 

Meta-analysis. J Appl Lab Med. 2019;4(1):78–94.  



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 14028-14042 
Received 25 April 2021; Accepted 08 May 2021. 

 

http://annalsofrscb.ro         14041 

 
 

24. Kaul A, Behera M R , Rai M K et al . Neutrophil Gelatinase-associated Lipocalin: 

As aPredictor of Early Diabetic Nephropathy in Type 2Diabetes Mellitus Indian 

journal of nephrology .2018;28.1: 53.  

25. Vijay S, Hamide A, Senthilkumar GP, Mehalingam V. Utility of urinary 

biomarkers as a diagnostic tool for early diabetic nephropathy in patients with 

type 2 diabetes mellitus. Diabetes Metab Syndr Clin Res Rev [Internet]. 

2018;12(5):649–52. 

26. Yang YH, He XJ, Chen SR, Wang L, Li EM, Xu LY. Changes of serum and urine 

neutrophil gelatinase-associated lipocalin in type-2 diabetic patients with 

nephropathy: One year observational follow-up study. Endocrine. 2009;36(1):45–

51 

27. El-ijla KS. Neutrophil Gelatinase-Associated Lipocalin for early detection of 

diabetic nephropathy in type 2 diabetic patients in Gaza : The Islamic University 

of Gaza;2019. 

28. Quang TH, Nguyet MP, Thao DP, Thi MH, Dam LPT, Thi HH, et al. Evaluation 

of urinary neutrophil gelatinase associated lipocalin and kidney injury molecule-1 

as diagnostic markers for early nephropathy in patients with type 2 diabetes 

mellitus. Diabetes, Metab Syndr Obes Targets Ther. 2020;13:2199–207.  

29. Bennett MR, Ma Q, Ying J, Devarajan P, Brunner H. Effects of age and gender on 

reference levels of biomarkers comprising the pediatric Renal Activity Index for 

Lupus Nephritis (p-RAIL). Pediatr Rheumatol. 2017;15(1):4–11.  

30. Bolignano D, Lacquaniti A, Coppolino G, Donato V, Fazio MR, Nicocia G, et al. 

Neutrophil gelatinase-associated lipocalin as an early biomarker of nephropathy 

in diabetic patients. Kidney Blood Press Res. 2009;32(2):91–8.  

31. Papadopoulou-Marketou N, Skevaki C, Kosteria I, Peppa M, Chrousos GP, 

Papassotiriou I, et al. NGAL and cystatin C: Two possible early markers of 

diabetic nephropathy in young patients with type 1 diabetes mellitus: One year 

follow up. Hormones. 2015;14(2):232–40.  

32. Hafez MH, El-Mougy FAF, Makar SH, Abd El Shaheed SS. Detection of an 

earlier tubulopathy in diabetic nephropathy among children with 

normoalbuminuria. Iran J Kidney Dis. 2015;9(2):126–31.  

33. Nielsen SE, Schjoedt KJ, Astrup AS, Tarnow L, Lajer M, Hansen PR, et al. 

Neutrophil gelatinase-associated lipocalin (NGAL) and kidney injury molecule 1 

(KIM1) in patients with diabetic nephropathy: A cross-sectional study and the 

effects of lisinopril. Diabet Med. 2010;27(10):1144–50.  

34. Lacquaniti A, Donato V, Pintaudi B, Di Vieste G, Chirico V, Buemi A, et al. 

“Normoalbuminuric” diabetic nephropathy: Tubular damage and NGAL. Acta 

Diabetol. 2013;50(6):935–42. 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 14028-14042 
Received 25 April 2021; Accepted 08 May 2021. 

 

http://annalsofrscb.ro         14042 

 
 

35. Zachwieja J, Soltysiak J, Fichna P, Lipkowska K, Stankiewicz W, Skowronska B, 

et al. Normal-range albuminuria does not exclude nephropathy in diabetic 

children. Pediatr Nephrol. 2010;25(8):1445–51.  

36. Machado JCQ, Volpe CMO, Vasconcellos LS, Nogueira-Machado JA. 

Quantification of NGAL in urine of endurance cycling athletes. J Phys Act Heal. 

2018;15(9):679–82.  

37. Na GY, Yoon SR, An J, Yeo R, Song J, Jo MN, et al. The relationship between 

circulating neutrophil gelatinase-associated lipocalin and early alteration of 

metabolic parameters is associated with dietary saturated fat intake in non-

diabetic Korean women. Endocr J. 2017;64(3):303–14.  


