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Maternal zinc deficiency is often seen during pregnancy. Zinc is a 

micronutrient whose requirements increase with pregnancy, but Zinc 

deficiency during pregnancy is common.  

The purpose of the study was to estimate plasma and intracellular (erythrocyte 

hemolysate) zinc in pregnant with/without gestational diabetes mellitus (GDM) 

women, compared to healthy non pregnant.  

Patients and Methods: The study involved pregnant with GDM (n=45), healthy 

pregnant women with normal glucose tolerance (NGT, n=45) consecutively and 

fasting non-pregnant healthy women  (n=45). Blood samples were obtained in the 

third trimester in both pregnant groups. The blood samples were analyzed for 

plasma and intracellular zinc by Flame Atomic Absorption Spectrophotometry 

(FAAS). Results: Plasma zinc level in normal pregnant, compared to non-

pregnant controls were (11.40±2.51 µmol/l vs 15.55±2.48 µmol/l, p0.0001; zinc 

in erythrocytes 0.65±0.12 mol/l/g Hb vs 0.56±0.09 mol/l/g Hb, p0.0001) and 

GDM women, compared to non-pregnant controls (11.81 ± 2.42 µmol/l 

vs.15.55±2.48 µmol/l, p0.0001; zinc in erythrocytes 0.66±0.13mol/l/g Hb vs. 

0.56±0.09 mol/l/g Hb, p0.0002). The study founded positive correlation 

between plasma zinc levels and pro-insulin in GDM pregnant (r=0.225) and 

expected negative in healthy pregnant women (r=-0.119). 

Conclusion: The survey did not identify statistically significant differences 

between healthy pregnant women and those with GDM in the level of plasma and 

hemolysate zinc. Both pregnant groups had higher level of intracellular 

erythrocyte zinc in comparison to non-pregnant. 
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INTRODUCTION 
     Zinc is an essential constituent of over 200 metalloenzymes participating in carbohydrate and protein 

metabolism, nucleic acid synthesis, antioxidant functions, and other vital functions (21), including growth, bone 

formation, reproduction, fetal development, immune mechanisms (36, 45). It is known that zinc has insulin-like 

functions in lipogenesis (13), glucose transport (29) and leptin production in humans (12). Zinc is indispensable in 

the proper maintenance of pregnancy (34). Frequently pregnancy may be associated with disorders of glucose 

metabolism resulting in gestational diabetes. The definition GDM as any degree of glucose intolerance with onset or 

first recognition during pregnancy is largely accepted. The underlined mechanisms for the development of GDM are 

related to -cell dysfunction and insulin resistance or decreased maternal insulin sensitivity. Pregnancy is normally 

attended by progressive insulin resistance that begins near mid-pregnancy and progresses through the third trimester 

to levels that approximate the insulin resistance typical for the type 2 diabetes (3). There is also secretion problem of 

insulin. In this regard, due to importance of zinc serum levels on insulin function, the role of zinc deficiency in 

pregnancy is remarkable (1, 38). 
      Women with GDM are at a higher risk for preeclampsia during pregnancy and fetal growth restriction (31), 

complications for mother and fetus during delivery and at high risk of developing of diabetes mellitus type 2 (DM2) 

later in life (5). It has been known for decades that a physical chemical relationship exists between insulin and zinc. 

It is clear that the predominant effect on zinc homeostasis of diabetes is hypozincemia which may be the result of 

hyperzincuria or decreased gastrointestinal absorption of Zn or both (11). 

      Plasma zinc concentration is commonly used as an indicator of zinc status, but the assessment is more difficult 

during pregnancy because plasma zinc concentrations decline in proportion to the increase in plasma volume (40). 

Zinc has been routinely determined in plasma and in erythrocytes as the advantages and disadvantages of using 

erythrocytes for this element are reviewed. Erythrocyte zinc has potential application in detecting of zinc deficiency 

related to development of neural tube defects in the early stages of pregnancy (42). Zinc concentration in 

erythrocytes appears to be a more sensitive index to detect cellular deficiency (42%) than plasma zinc (32%) (26). 

 

MATERIAL AND METHODS 
Study design 

      Totally 80 pregnant women between 24±4 gestational weeks (NGT n=45, mean age 27,3±4,2 years and GDM n=45, 

mean age 28,4±4.7 years) were included in the study. Control group of non-pregnant women consisted of 45 female 

volunteers, clinically healthy, mean age 26,1±4.8 years. Written informed consent was obtained from all subjects. Ethical 

approval for the study protocol was obtained from Ethics Committee of Medical University-Sofia. Selected 

anthropometric, clinical, and pathophysiological parameters were evaluated in all of them. 

      Exclusion criteria for pregnant women were chronic diseases, acute infection during pregnancy or at GDM diagnosis 

establishment, chronic illness, drugs affected the carbohydrate metabolism or interfered with insulin sensitivity, anemia, 

multiple pregnancies, known diabetes before pregnancy, fetal malformation, or other severe maternal illnesses, age <18 or 

>45 years, history of smoking or alcohol abuse.  

      All the tested pregnant women with no previously diagnosed diabetes were screened for GDM with a 2 h 75 g oral 

glucose tolerance test (OGTT) between 21 and 28 weeks of pregnancy. Diagnosis of GDM was in accordance to the 

recommendations of the International Diabetes in Pregnancy Study Group - fasting plasma glucose ≥5.1 mmol/L, 1 h 

≥10.0 mmol/L, 2 h ≥8.5 mmol/L (20). 

      The following data were collected for all pregnant women: age, pregnancy BMI at GDM diagnosis, gestational weeks. 

Blood was drawn just before, at 60 min and 120 min after ingestion of glucose for GDM diagnosis. Blood samples for 

insulin, glucose, zinc and hemoglobin measurements were collected from individuals in a fasting state 8.00-9.00 am, after 

a 12-hour fasting pause overnight. Plasma glucose was determined in the venous blood by the method of oxygen 

consumption (Analox GM9, Analox Instruments USA, reference range 2.8-6.1 mmol/L). Serum insulin concentration in 

the venous blood was analyzed by electrochemiluminescence immunoassay (ECLIA) (Elecsys 2010, Roche Diagnostics, 

reference range 2.6-24.9 U/ ml). Serum for pro-insulin was frozen at -20°C and pro-insulin levels were measured by 

ELISA method (Mercodia, AB Company, Uppsala,  Sweden, reference range 3,3–28 pmol/l). Internal Quality 

Control Scheme in applied by control materials ―Control L‖ 10.4 (8.55–12.3 pmol/l) and „Control H„ 40.8 (34.7-46.9 

pmol/l). The measurement was performed on ELISA Microplate Multimode Detector Zenith 3100 (Anthos).  

      The self-reported weight is expressed as kilograms (kg) and the height measured during the interview is expressed as 

squared meters (m
2
) to calculate maternal BMI (kg/m

2
). 

      Health status of non-pregnant female controls was evaluated on the base of the following laboratory tests: WBC were 

determined by hematological analyzer ABX Micros 60 (Horiba, Kyoto, Japan), fasting serum glucose, serum creatinine, 

GFR, serum enzymes AST and ALT, serum total cholesterol and triglycerides (Cobas Integra 400, Roche).  
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Zinc quantitative determination in plasma and hemolysate 

      Blood for plasma and hemolysate zinc was collected by evacuated tubes (Sarstedt Monovette, Germany, 7.5 ml, LH-

Metall Analytic, anticoagulant lithium heparin). Plasma was separated by centrifugation (20 min, 3000 rpm) up to 1 hour 

after blood collection and plasma zinc concentration were analysed. After removing of the separated plasma, fresh 

erythrocytes were washed 3 times with ice cold saline solution (NaCl 0.015 mol/L). Saline was added to erythrocyte mass 

to restore the initial tube volume of 7.5 ml. After every washing, the samples were centrifuged and the washing solution 

was removed. The washed erythrocytes were lyses by adding of ice cold bidistilled water (1+1, sample+water by volume). 

The samples were refrigerated (2-4 
0
C) for 24 hours. Then, zinc and hemoglobin in hemolysates were measured. 

Hemoglobin in hemolysates was analyses by hematological analyzer ABX Micros 60 (Horiba, Kyoto, Japan).  

      Zinc measurements in plasma and hemolysate were done by flame atomic absorption spectrophotometry (Perkin 

Elmer AAnalyst 300, USA). The instrumental parameters of the spectrophotometer are presented in Table 1. The 

measurements were done after method calibration by standard calibration solution with known zinc concentration (zinc 

stock standard Titrisol, 1000 mg Zn as ZnCl2 in 0.06% HCl, Merck KGaA, Darmstedt, Germany). The analyses were done 

by validated method for zinc measurement in biological fluids. Scheme for Internal Quality Control was applied as 

component of Quality Assurance System for zinc.  

 

      All laboratory assays were done at Central Clinical Laboratory, University Hospital ―Alexandrovska‖-Sofia, Bulgaria.  

Statistical analysis 

      The Shapiro-Wilk test was used to determine whether each variable had a normal distribution. The Kruskal-Wallis test 

and the U Mann-Whitney test were used to compare selected groups. All continuous variables are presented as mean 

values +/− SD (standard deviation). A p<0.05 value was defined as significant. Comparisons between the subgroups were 

performed by one-way analysis of variance (ANOVA) with post-hoc analysis to locate the differences. Student t-test was 

used to find out the significant differences between zinc levels for the tested groups of patients and controls. Data were 

analyzed  using Statistical software for Windows 13.0 by SPSS – SPSS.  

 

RESULTS 

Clinical and metabolic characteristics of the participants with the data of statistical analysis are presented in Table 2.  

 

 

 

Tabl. 1. Instrumental parameters of flame atomic spectrophotometer Perkin Elmer AAnalyst 300 

 Wavelength (nm) 213.9 

Spectral Bandwidth (Slit ) (nm) 0.7 

Light Source Electrodeless Discharge Lamp (EDL) 

Light Current (W) 6  

Atomizer Flame: air 2L/min-acetylene 10 L/min  

Preliminary sample preparation 

 

Proper dilution of plasma and hemolysate with 

bidistilled water 

 

 

Tabl. 2. Clinical and metabolic characteristics of the participants 

 

Characteristics Pregnant with 

NGT  

(n1=45) 

Pregnant with 

GDM  

(n2=45) 

Non-pregnant 

women 

(n=45) 

Statistical 

significance 

Age (years) 27.3 ±4.2 28.4 ±4.7 26.1±4.8 NS 

BMI (kg/m
2
) 25.8±3,5 26.2 ±3.9 25.4±2.2 NS 
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Gestational weeks 24±4 24±4  NS 

 

Fasting glucose 

(mmol/l) 

4.62 ± 0.28 5.9  ± 1.07  p<0.0001 

 

Glucose at 60 min 

(mmol/l) 

6.95± 1.37 8.49 ± 2.29  p< 0.001 

 

Glucose at 120 min 

(mmol/l) 

6.14 ± 1.21 7.49 ± 2.04  p<0.005 

 

Proinsulin at  0 min 

(pmol/l) 

3.11 ± 2.78     7.59 ± 5.27  p=0.006 

 

Fasting insulin IU/l 9.15  ± 5.1 12.95  ± 8.5  p= 0.02 

 

Zinc in plasma ( 

µmol/L) 

11.4±2.51 ▫ 11.81±2.42  * *15.55±2.48▫ p0.0001▫ 

 p<0.0001* 

Zinc in erys  

(mol/g Hb) 

 

0.65±0.12 ▪▪ 0.66±0.13 ** **0.56±0.09▪▪ p0.0001▪▪ 

p0.006** 

 

 BMI — body mass index; NS=Not significant (p>0.05). 

 

 

 

DISCUSSION 
      The results of the present study revealed that there was a statistically significant decrease in zinc for pregnant 

women–NGT and GDM, when compared to non-pregnant healthy females as revealed by plasma levels. 

Significantly lower serum zinc levels in pregnancy have been reported in some studies for different parts of the 

world (21, 28, 2, 15). Earlier studies also showed a decrease in serum levels of zinc during pregnancy (40, 8, 18). 

According to Kirksey et al.,(1994) and other researches, plasma zinc level decreases as pregnancy progresses (25, 

21, 27). In normal pregnancies and in the three periods of the third trimester, zinc concentration in plasma of the 

mother is significantly lower than in non-pregnant women (34). Ejezie and Nwagha (2011) established that the 

plasma zinc level decreased as gestation progressed, with the lowest concentration of serum zinc obtained during the 

third trimester (15). Brito et al. (2013) established that during pregnancy, the plasmatic zinc decreased by 20% to 

30% from the third month, with decreasing related to the progress of pregnancy (9). The decreasing plasma Zn 

concentrations during pregnancy may be due to the expansion of plasma volume seen in nearly all pregnant women, 

but it is not exactly clear to what extent plasma volume expansion is responsible for decreasing Zn concentrations 

(41). Another important aspects in the reduction of this mineral in the plasma are increased urinary excretion (39), 

the transfer of this mineral from mother to the growing fetus (9, 24), the effect of hormones, in particular increased 

levels of estrogen (22). High levels of corticosteroids are also related to this common reduction at the end of a 

normal pregnancy (33, 37). The decrease in plasma Zn could be associated with reduced plasma levels of albumin 

during pregnancy (17). Serum zinc homeostasis during pregnancy has been linked to placental hormones (15). On 

the other hand, it is important to note that failure to use gestational-appropriate standards for evaluating the plasma 

zinc concentrations leads to erroneous conclusions about maternal zinc status (24). Obviously, these reasons are not 

able to explain this apparently complex event in pregnancy. 
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      Despite of certain evidence, there are studies that show a lack of difference in plasma zinc concentrations 

between pregnant and non-pregnant women (30). According to Reyes et al. (2000) for normal pregnancies studied in 

1994-1995, zinc levels showed no difference compared to that in non-pregnant women (35). Borella et al. (1990) 

found a slight, but significant, increase in plasma zinc in pregnant women affected by gestational diabetes, probably 

as a result of reduced zinc uptake by the fetus (7). 

      The observations in the present study suggested that this variability in zinc levels during pregnancy could be also 

due to influence of more complex factors including also altered rate of intestinal absorption and changed dietary 

habits during this special physiological state.  

      No significant difference in plasma and intracellular (erythrocyte hemolysate) zinc level between NGT and 

GDM pregnant women was established in this study. Furthermore, the erythrocyte zinc levels in both pregnant 

groups were significantly higher than in non-pregnant controls. We also established plasma zinc levels lower for 

both pregnant groups as compared to non-pregnant controls. The reduction of this mineral in the plasma could be 

also related to certain redistribution from the fluid compartment into the erythrocytes because of increased activity 

of zinc dependent erythrocytes enzymes (9). Some authors have noted that erythrocytes actively absorb trace 

elements required for enzymatic reactions or bound to membrane proteins. So, during 120 days life span, erythrocyte 

levels can be be useful index for evaluation of nutritional or disease status (26). High concentration of zinc in the 

erythrocytes could demonstrate adequate nutritional status of the mineral. Zinc level in erythrocytes is a parameter 

reflected long-term nutritional status as it is changed only when severe deficiency occurs (16).  

      Numerous studies were performed to determine plasma and intracellular zinc levels in GDM pregnant women, 

but with contradictory results. Other authors, (Bo et al., 2005) showed that zinc serum levels in pregnant women 

(24-28 of gestational age) with abnormal glucose tolerance test were lower than in normal pregnancy group (6). 

Another study, conducted by Wang et al. (2002) showed serum zinc of pregnant women with GDM decreased 

compared to normal pregnant women (43). Lower levels of serum zinc in GDM pregnant in comparison to normal 

pregnant women in third trimester as results of monitoring, were reported by Hussein (2005) (19). Behrashi et al. 

(2011) did not establish statistically significant difference between GDM ant NGT pregnant group regarding serum 

zinc levels (4). 

      Increased insulin resistance is often considered as one of the major factors leading to GDM. Insulin resistance 

increases during pregnancy, especially during the last trimester, due to increased maternal adipose tissue, placental 

hormones and increased insulin clearance by the placenta (10). Zinc is involved in the processes insulin synthesis, as 

secretory vesicles transfer pro-insulin from the endoplasmic reticulum to the Golgi apparatus with rich of zinc and 

calcium environment favours formation of soluble zinc-containing pro-insulin hexamers and retention of the activity 

under storage condition and during mobilization. Pro-insulin and zinc typically comprise no more than 6% of the 

islet cell secretion (14). According to the presented in this study observations, it could be suggested that zinc 

deficiency would lead to reduce insulin's effect. The reduced insulin activity, associated with high blood glucose and 

fat deposition in obese subjects with history for hereditary predisposition and metabolic dysfunctions, leads to 

functional failure of the islet -cells. Women with GDM tend to be obese; adipose tissue affects carbohydrate 

metabolism by different metabolic pathways. Progressive β-cells dysfunction has been reported in women with 

GDM that, over years, leads to progressive hyperglycemia and diabetes after pregnancy (44). Pro-insulin levels 

increase together with insulin concentrations in insulin resistance (32). Increased pro-insulin concentrations are 

specific for GDM and might thus serve as marker and potentially even identify subjects at high risk for the 

development of type 2 diabetes (23). The important feature in the results of this study was that the mean levels of 

pro-insulin were significantly higher during pregnancy in GDM pregnant than NGT (p=0.006). The correlation 

analysis in the present study showed that pro-insulin was positive correlated with plasma zinc concentration in GDM 

pregnancy (r=0.225) and negatively in pregnant with NGT (r=-0.119).  

In conclusion, we established that the survey did not identify statistically significant differences between healthy 

pregnant women and those with GDM in the level of zinc both for plasma and intracellular content. The tested pregnant 

groups presented higher hemolysate zinc levels in comparison to non-pregnant group. 

 

REFERENCES 
1. Anetor, J. I., Senjobi, A., Ajose, O.A., Agbedana, E.O.(2002): Decreased serum magnesium and zinc levels: 

Atherogenic implications in type-2 diabetes mellitus in Nigerians. Nutr Health., 16 (4):291-300. 

2. Arnaud, J., Preziosi, P., Mashako, L., Galan, P., Nsibu, C. et al.(1994). Serum trace elements in Zairian mothers and 

their newborns. Eur J Clin Nutr, 48(5): 341-348. 

3. Barbour, L.A., McCurdy, C., Hernandez, T.L., Kirwan, J.P., Catalano, P.M. at al. (2007): Cellular mechanisms for 

insulin resistance in normal pregnancy and gestational diabetes. Diabetes Care, 30 (2):112–119 



ISSN 2320-5407                               International Journal of Advanced Research (2014), Volume 2, Issue 6, 661-667 
 

666 

 

4. Behrashi, M., Mahdian, M., Aliasgharzadeh, A. (2011): Effects of zinc supplementation on glycemic control and 

complications of gestational diabetes. Pak J Med Sci., 27 (5): 1203-1206 

5. Bellamy, L., Casas, J.P., Hingorani, A.D and Williams, D. (1998): Type 2 diabetes mellitus after gestational diabetes: A 

systematic review and meta-analysis. Lancet, 373:1773–1779. 

6. Bo, S., Lezo, A., Menato, G., Gallo, M.L., Bardelli, C. et al. (2005): Gestational hyperglycemia, zinc, selenium, 

and antioxidant vitamins. Nutrition, 21(2):186-191. 

7. Borella, P., Szilagyi, A., Than, G., Csaba, I., Giardino et al. (1990): Maternal plasma concentrations of 

magnesium, calcium, zinc and copper in normal and pathological pregnancies. Sci Total Environ., 99 (1-2):67-76. 

8. Breskin, M.W., Worthington-Röberts, B.S., Knopp, R.H., Brown, Z., Plovie, B., et al. (1983): First trimester 

serum zinc concentration in human pregnancy. Am. J. Clin. Nutr., 38: 943-953 

9. Brito, J.A., Marreiro, D.N., Neto J.M., Silva, D.M., Almondes, K.G. at el. (2013): Enzyme activity of superoxide 

dismutase and zincemia in women with preeclampsia. Nutr. Hosp., 28 (2):486-490 

10. Buchanan, T. A. and Xiang, A. H. (2005): Gestational diabetes mellitus. J Clin Invest., 115: 485-491. 

11. Chausmer, A.B. Zinc, insulin and diabetes. (1998): J Am Coll Nutr, 17(2):109-15. 

12. Chen, M. D., Song, Y. M. and Lin, P. Y. (2000). Zinc may be a mediator of leptin production in humans. Life Sci, 

66:2143-2149. 

13. Coulston, L. and Dandona, P. (1980): Insulin-like effect of zinc on adipocytes. Diabetes, 29:665-667. 

14. Dodson, G. and Steiner, D. (1998): The role of assembly in insulin’s biosynthesis. Curr Opin Struct Biol., 

8:189–94. 

15. Ejezie, F.E., and Nwagha, U.I. (2011): Zinc Concentration during Pregnancy and Lactation in Enugu, South-East 

Nigeria. Ann Med Health Sci Res, 1 (1):69-76 

16. Gibson, R.S. Assessment of trace element status. In: Principles of nutritional assessment. Gibson RS (ed.). New 

York: Oxford University Press; 1990.     

17. Goldenberg, R.L., Tamura, T., Cliver, S.P., Cutter, G.R., Hoffman, H.J. et al.(1991): Maternal serum alpha2-

macroglobulin and fetal growth retardation. Obstet Gynecol, 78: 594–599 

18. Hambidge, K.M., Krebs, N.F., Jacobs, M.A., Favier, A., Guyette, L. at el. (1983): Zinc nutritional status during 

pregnancy: a longitudinal study. Am. J. Clin. Nutr., 37:429-442. 

19. Hussein, H.K. (2005): Level of serum copper and zinc in pregnant women with gestational diabetes mellitus. 

J.Fac.Med. Baghdat, 47 (3): 287-289 

20. International Association of Diabetes and Pregnancy Study Groups Consensus Panel 2010 (2010): Diabetes Care, 

33(3):676-682 

21. Izquierdo-Alvarez, S., Castanon, S.G., Ruata M.L., Aragues E.F. et al.(2007): Updating of normal levels of copper, 

zinc and selenium in serum of pregnant women. J Trace Elem Med Biol, 21(1): 49-52. 

22. Jameson, S. (1976): Effects of zinc deficiency in human reproduction. Acta Med.Scand, 593:1-89 

23. Kautzky-Willer, A., Thomaseth, K., Ludvik, B., Nowotny, P., Rabensteiner, D. et al. (1997): Elevated islet 

amyloid pancreatic polypeptide and pro-insulin in lean gestational diabetes. Diabetes, 46: 607- 614. 

24. King, J. C. (2000): Determinants of maternal zinc status during pregnancy. Am J Clin Nutr, 71 (5): 1334-1343  

25. Kirksey, A., Wachs T.D., Yunis, F. (1994): Relation of maternal zinc nutriture to pregnancy outcome and infant 

development in an Egyptian village. Am J Clin Nutr., 60:782-792. 

26. Leung, F., Gupta, S., Bradley, C., Edmond, P. (2002): Comparative use of plasma versus erythrocytes to monitor 

essential trace elements in patients on total parenteral nutrition. Presented at the VI
th
 Istern Conference, Quebec 

City, Sept. 11, 2002. 

27. Liu, J., Yang, H., Shi, H., Shan, Ch., Zhou, W. et al. (2012): Blood copper, zinc, calcium, and magnesium levels 

during different duration of pregnancy in Chinese. Biological Trace Element Research, 135 (1–3):31–37. 

28. Martin-Lagos, F., Navarro-Alarcon, M., Terres-Martos, C., Lopez-Garcia de la Serrana, H., Perez-Valero, V. et 

al. (1998): Zinc and Copper concentrations in serum from Spanish Women during pregnancy. Biol Trace Elem Res, 

61(1): 61-70. 

29. May, J. M. and Contoreggi, C. S. (1982):The mechanism of the insulin-like effects of ionic zinc. J. Biol. Chem. 

257:4362-4368. 

30. Meram, I., Bozkurt A.I., Ozcirpici B., Ahi, S. and Ozgur, S. (2003): Plasma copper and zinc levels in pregnant 

women in Gaziantep, Turkey. Saudi Med J., 24 (10): 1121-1125 

31. Myatt, L.and Cui, X. (2004): Oxidative stress in the placenta. Histochemistry and Cell Biology, 122 (4):369–

382. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Borella%20P%5BAuthor%5D&cauthor=true&cauthor_uid=2270473
http://www.ncbi.nlm.nih.gov/pubmed?term=Favier%20A%5BAuthor%5D&cauthor=true&cauthor_uid=6829485


ISSN 2320-5407                               International Journal of Advanced Research (2014), Volume 2, Issue 6, 661-667 
 

667 

 

32. Mykkänen, L., Haffner, S.M., Hales, C.N., Rönnemaa, T. and Laakso, M. (1997): The relation of pro-insulin, 

insulin, and pro-insulin-to-insulin ratio to insulin sensitivity and acute insulin response in normoglycemic subjects. 

Diabetes, 46:1990–1995 

33. Nogueira, N.N., Parente, J.V., Cozzolino, S.M.F. (2003): Mudanças na concentração plasmática de zinco e ácido 

fólico em adolescentes grávidas submetidas a diferentes esquemas de suplementação. Cad Saúde Pública, 19:155-160. 

     

34. Raimi, O.G., Falade, O. A., Folorunso, O. S. and Lawal, A. K.(2012): Zinc and iron levels in pregnancy: A review. 

Pakistan Journal of Food Sciences, 22 (2): 53-60 

 35. Reyes, P.D., Murphy J.F., O’Riordan J., Newcouse R.G. (2000): Anaemia and spontaneous  preterm birth. Am. 

J. Obstet. Gynecol, 164 (40): 95-101. 

36. Ripa, S. and Ripa, R.(1995): Zinc and immune function. Minerva Med, 86 (7-8): 315-318 

37. Ruíz, F.N., Meertens de R.L., Peña, E., Sánchez, A. and Solano, L. (2005): Comportamiento de los niveles 

sericos de zinc durante el embarazo. Arch Latinoam Nutr, 55: 235-244 

38. Salgueiro, M.J., Krebs, N., Zubillaga, M.B., Weill, R., Postaire E at al. (2001): Zinc and diabetes mellitus: Is 

there a need of zinc supplementation in diabetes mellitus patients? Biol Trace Elem Res., 81(3):215-228. 

39. Swanson, C.A. and King, J.C. (1982): Zinc utilization in pregnant and nonpregnant women fed controlled diets 

providing the zinc RDA. J Nutr., 112:697–707. 

40. Swanson, C. A. and King, J. C. (1983): Reduced serum zinc concentration during pregnancy. Obstet Gynecol, 

62:313–8 

41. Tamura, T., Robert, L., Goldenberg, M., Kelley, E., Johnston, L. et al. (2004): Relationship between pre-

pregnancy BMI and plasma zinc concentrations in early pregnancy. British Journal of Nutrition, 91(5):773–777 

42. Vitoux, D., Arnaud, J., Chappuis, P. (1999): Are copper, zinc and selenium in erythrocytes valuable biological 

indexes of nutrition and pathology? J Trace Elements Med Biol, 13:113-128. 

43. Wang, Y., Tan, M., Huang, Z., Sheng, L., Ge, Y. et al. (2002): Elemental contents in serum of pregnant women 

with gestational diabetes mellitus. Biol Trace Elem Res., 88 (2):113-118. 

44. Xiang, A. H., Kjos, S. L., Takayanagi, M., Trigo, E. and Buchanan, T. A. (2010): Detailed physiological 

characterization of the development of type 2 diabetes in Hispanic women with prior gestational diabetes mellitus. 

Diabetes, 59: 2625-2630. 

  45. Xin, H., Han, T. and Gong, S. (1996): Experimental studies on effects of zinc and germanium on  immune function 

and anti-oxidation in mice. Chung Hua Yu Fang I Hsueh Tsa Chin (English abstract), 30 (4): 221-224. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


