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Abstract

Background: As pregnancy progresses, insulin sensitivity (SI) might slowly decrease to 50% of the average value, which could
result in gestational diabetes. As weight gain is associated with reduced Sl and vice versa, we evaluated the possible correlation
between nutritional status and Sl, especially in early pregnancy.

Methods: This cross-sectional study was conducted on 138 healthy primiparous women between 6 and 10 weeks of gestation. By
using a researcher-made questionnaire, the characteristics of the participants were gathered. A digital scale was used to measure
participants’ weights. Nutrient intake was estimated based on the 72-hour dietary recall by Nutritionist 4 software. We used the
pregnancy physical activity scale to estimate physical activity. In addition, fasting plasma glucose (FPG) and insulin values were
included in the relevant formula to calculate the quantitative index of SI.

Results: After adjusting for significant maternal characteristics, the quantitative insulin sensitivity check index (QUICKI) in the first
trimester was correlated with participants’ weight and household income. Furthermore, the QUICKI index had a significant inverse
relationship with saturated and polyunsaturated fatty acids (PUFAs) intake while total fat intake was positively correlated. Also,
consuming vitamin C, glucose, fructose, sugar, and carbohydrates increased the QUICKI index, while vitamin E intake decreased it.
Conclusion: The results showed that weight management may prevent gestational diabetes mellitus (GDM) during the first trimester.
Moreover, the significant correlation between the above-mentioned nutrients and household income with the QUICKI index can

be further examined in future studies.
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Introduction

As pregnancy progresses towards the third trimester,
insulin sensitivity (SI) might slowly decrease to 50% the
normal value, which is associated with resistance to insulin
activity (IR) and, consequently, glucose consumption in
target tissues (1). This IR causes fat to be used in the mother
cells and carbohydrates remain for the developing fetus
(2), but sometimes can lead to gestational diabetes, which
causes complications for the mother and the fetus (3).
Weight gain has a two-way relationship with the reduction
of SI. Therefore, determining the possible correlation
between nutritional status and SI, especially in early
pregnancy, is rational and preventive, as researchers have
shown that lower vitamin D in early pregnancy is related
to IR in the second trimester (4). A systematic review
concluded that animal protein might decrease SI while
plant protein might enhance that (5). Allman et al reported

that maternal body mass index (BMI) in the first trimester
was more correlated with SI than with protein intake (6).
Another study showed that during early pregnancy, BMI is
more effective on the risk of gestational diabetes mellitus
(GDM) than nutrient or food intake (7). Although nutrient
metabolism is essential for the survival of all organisms (8),
there are few published reports concerning nutrient intake
and gestational SI development. Thus, we investigated the
relationship between nutritional status and QUICKI index
in the first trimester of gestation.

Methods

This cross-sectional descriptive analytical survey was
conducted on 138 primiparous participants aged 18
to 40 years, while healthy women with 6 to 10 weeks of
pregnancy were enrolled. By selecting primiparous women,
the population under study became homogeneous, and
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Nutritional status in pregnancy and QUICKI index

confounding effects of parturition on study results were
eliminated.

Women with twin or multiple pregnancies and addiction
were excluded. Also, diseases affecting body weight such
as untreated thyroid disorders, hypertension, type 1 or 2
diabetes, following a special diet, nutritional problems,
anemia, chronic disease, kidney disease, and BMI>35
kg/m* were other criteria (9). Using stratified sampling,
five hospitals, 15 private offices, and 15 private offices
were selected to introduce pregnant women to achieve
a sample with different socioeconomic backgrounds. At
the significance level of 0.95% (a=0.05), power of 0.80%
(5=0.20), and P=0.3 as the least acceptable correlation in
terms of performance, the minimum sample size with a
10% dropout rate was 134 (10).
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A researcher-made questionnaire was used to collect the
participants’ characteristics. To determine the nutritional
status of pregnant women, we first extracted the pregravid
BMI from the prenatal files, then we measured the weight
and the weight gained in the first 14 weeks of pregnancy
with a digital scale. In addition, we extracted the received
nutrients from the 72-hour memory with Nutritionist 4
software (First Databank Inc., Hearst Corp., San Bruno,
CA - Version 3.5.2). Physical activity was estimated with
the physical activity scale of pregnant women, whose
validity and reliability have also been examined in Iranian
women (11). QUICKI was computed using the fasting
plasma glucose (FPG) and fasting serum insulin (FSI)
levels based on the formula below (12):

+3

QUICKI=1/(log FPG in mg/dl+log FSI in uIU/ml).

FSI levels were quantified by electrochemiluminescence
immunoassay at Al-Zahra Clinical Laboratory using
available relevant kits. Fasting glucose values were
measured by means of automatic biochemical analyzer
(Mindray bs-800) using Bionik kits.

Statistical analysis

SPSS 20 software was used to analyze the obtained data.
The normality of the distribution of continuous variables
was appraised with the Q-Q diagram. We adjusted
nutrient intake for energy by the residual method. We
entered every one the demographic and nutrition-related
variables in the regression analysis model as independent
variables. Then, the QUICKI level was included as the
dependent variable, and the association of QUICKI level
and independent variables (energy-adjusted nutrient
intake, maternal characteristics, participants’ weights, and
physical activity scores) was analyzed by the regression
analysis model. All mentioned variables were entered
into the independent variable box to adjust for significant

maternal characteristics. At the same time, the QUICKI
amount was placed in the box of the dependent variable.
We added each energy-adjusted nutrient intake one by
one to the group of significant maternal characteristics in
the relevant box, and the most associated energy-adjusted
nutrient intake was determined.

Results

Table 1 presents the participants’ characteristics at 6-10
weeks of gestation with a mean maternal weight and SI
index of 23.59+3.91 kg and 0.36+0.03, respectively. The
average weight gain after 14-12 weeks was 1.31 +2.50 kg.
Among them, 50.36% had a bachelor’s degree or higher,
60.3% were homemakers, and 82.61% had medium to
high income levels. The average total and occupational
physical activity were 30.81+11.65 and 4.20+6.30 met/
hour, respectively. Maternal weight, pregravid BMI, total
physical activity, job activity, and household income were
associated with the QUICKIindex (Table 1). Afteradjusting
for significant maternal characteristics, participants’
weights and household income were determined as the
most significant variables (Table 1). QUICKI index was
significantly correlated with energy-adjusted intakes of
carbohydrates, vitamins E, D, and C, fat, polyunsaturated
fatty acids (PUFAs), alpha-linolenic acid, and percentage
of energy from carbohydrates (Table 2). We also found
the QUICKI index had a significant relationship with
energy-adjusted intakes of monounsaturated fatty acids
(MUFAs), vitamins B1 and B3, beta-carotene, and lactose.
After controlling for significant maternal characteristics,
there was a significant inverse relationship between PUFA
and MUFA intakes and the QUICKI index while total fat
intake was positively correlated. Also, vitamin C, glucose,
fructose, sugar, and carbohydrate intake increased
the QUICKI index while vitamin E intake decreased
it (Table 2). Also, the QUICKI index had a significant
relationship with energy-adjusted alpha-linolenic acid,
oleic fatty acid, selenium, and beta-carotene (Table 2).

Discussion

The results showed that the QUICKI index at 6-10 weeks
of pregnancy was negatively associated with participants’
household income, pregravid BMI, and weight. At the
same time, total and occupational physical activity
scores were positively correlated. Household income and
weight were the more significant variables. Similarly,
Bandres-Meriz et al showed that maternal obesity was
inversely related to SI throughout the first trimester of
pregnancy (13). The significant negative association
between household income and QUICKI score aligns
with the findings of Demir et al and Yang et al (14,15)
while most studies report opposite findings (16). Lower
physical activity scores and higher consumption of fast
and processed foods are the probable reasons (14,17). In
the present article, energy-adjusted MUFA and PUFA
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Table 1. Participants' characteristics at 6-10 weeks of gestation and their association with QUIKI index

Demographic and family characteristics Mean xSD/No. (%) p* P* 95% Cl p** P 95% Cl

Age (y), 26.52+£4.06 0.238 -0.001 -0.002, 0.001 0.000 0.835 -0.002, 0.001

Pregravid BMI (kg/m?) 23.59+3.91 -0.004 <0.001 -0.005, -0.003 -0.001 0.510 -0.003, 0.002

Weight gain in the first trimester (kg) 1.31+£2.50 -0.001 0.219 -0.003, 0.001 -0.001 0.486 -0.003, 0.001

Participants’” weight in the first trimester (kg) 62.60+11.02 -0.002 <0.001 -0.002, -0.001 -0.001 0.018 -0.002, 0.000

Total physical activity (met/hour 30.81+11.65 0.001 0.001 0.000, 0.001 0.000 0.295 0.000, 0.001

Homemaker activity 9.87+4.17 0.000 0.639 -0.001, 0.002 0.001 0.560 -0.001, 0.002

Personal activity 6.81+4.00 0.001 0.450 -0.001, 0.002 -0.001 0.171 -0.002, 0.000

Occupational activity 3.82+5.25 0.001 0.012 0.000, 0.002 0.001 0.193 0.000, 0.002

Sport activity 3.53+2.69 0.001 0.518 -0.001, 0.003 0.000 0.882 -0.002, 0.002

Hobby activity 5.89+3.75 0.001 0.195 -0.001, 0.003 0.001 0.351 -0.001, 0.002

Education -0.004 0.178 -0.009, 0.002 0.001 0.735 -0.004, 0.006
High-school diploma or lower 54 (39.42) - - - - - -
Associate degree 14 (10.22) - - - - - -
Bachelor's degree 65 (47.44) - - - - - -
Master's degree and doctorate 4(2.92) - - - - - -

Job -0.005 0.207 -0.014, 0.003 -0.007 0.125 -0.015, 0.002
Homemaker 83 (60.3 - - - - - -
Non-governmental jobs 38(27.2) - - - - - -
Government jobs 17 (12.5) - - - - - -

Household income (Rials -0.004 0.044 -0.009, 0.000 -0.004 0.042 -0.008, 0.000
<4000000 6 (4.35 - - - - - -
4000000-6000000 18 (13.04 - - - - - -
6000000-9000000 43 (31.16 - - - - - -
9000000-12000000 41 (29.71) - - - - - -
>12000000 30(21.74) - - - - - -

QUICKI index: quantitative insulin sensitivity check index.

*P: The association of maternal characteristics with QUICKI index by regression analysis.
*#P: The association of maternal characteristics with QUICKI index after adjusting for significant maternal characteristics.

were inversely correlated with the QUICKI index, while
the total fat intake was positively correlated. Researchers
reported that enhanced accessibility of fatty acids is
related to skeletal muscle IR, but the type of fatty acid
is also significant. Of course, the studied whole-body
alterations are unrelated to the changed skeletal muscle
role and may be related to IR in numerous tissues (18).
Saturated fats are less easily oxidized and stored as
ceramides and diacylglycerols in vitro, while unsaturated
fats are stored as intramyocellular triacylglycerols or free
fatty acids. Epidemiological evidence in humans and in-
vitro studies shows that saturated fatty acids induce IR. At
the same time, unsaturated fats protect or even increase
SI through increased integration into triacylglycerol
and enhanced triacylglycerol storage. Diacylglycerol
and ceramides restrict insulin signaling in vitro through
novel PKC motivation (19), but some researchers have
shown that ceramides might not develop IR in vivo (18).
However, the positive significant association between
fat intake and QUICKI score aligns with the findings of
Noakes and Windt, who indicated that low-carbohydrate,

high-fat diets might benefit patients with IR (20). Lipids
have a central role in metabolic inflexibility and the
associated IR, but some surveys have shown that lipids are
metabolic substrates that might correct SI by modifying
hepatic glucose production (21). Lipolysis could generate
glycerol, delivered to the liver and metabolized to acetyl-
CoA, increasing the enzyme activity to transfer pyruvate
into gluconeogenic (21).

Higher MUFA and PUFA decreased the QUICKI index
in the present study. Chen et al reported that PUFA
increased glutathione peroxidase activity, which might
reduce SI (22). Also, researchers revealed that MUFA
and PUFA gather as intramyocellular triacylglycerol or
free fatty acids, which might decrease SI by disrupting
glucose uptake (18). The present study found a positive
trend between oleic acid (the most usual dietary MUFA)
and SI, which is consistent with other studies (18).
Oleic acid reduced interleukin-1B production from
adipose tissue cells, which in turn reduced SI (23). Also,
a significant negative relationship between linoleic fats
and the QUICKI index was observed. Likewise, another
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Table 2. The association of energy- adjusted nutrients intake and QUICKI index before and after adjusting for significant maternal characteristics.

Daily nutrient intake* Mean* dsetj;‘:;::* R.ﬁ.'ﬂl','.’f.‘f,'liﬂf pr* [ 95% Clforp  Pror B+ 95% Cl for p
Energy (kcal) 1773.71 524.07 2400 - - - - - -

Protein (g) 62.34 22.71 71 0.504 0.000 -0.001, 0.000  0.815 -0.000044  0.000, 0.000
Total fat (g) 53.47 26.93 65 0.013 0.000004  -0.001, 0.000  0.010 0.000 -0.001, 0.000
Saturated fat (g) 13.59 7.16 <20 0.285 -0.001 -0.002, 0.000  0.188 -0.001 -0.002, 0.000
Cholesterol (mg) 163.00 142.07 300 0.814 0.000005 0.000, 0.000  0.752 -0.000006  0.000, 0.000
Polyunsaturated fatty acid (g) 12.89 9.04 6 0.023 -0.001 -0.001, 0.000  0.010 -0.001 -0.001, 0.000
Monounsaturated fatty acid (g) 15.62 9.77 - 0.072 -0.001 -0.001, 0.000  0.043 -0.001 -0.001, 0.000
Linoleic fatty acid (g) 9.35 8.39 13 0.122 -0.001 -0.001, 0.000  0.082 -0.001 -0.001, 0.000
Oleic acid (mg) 13.15 9.84 20 0.165 0.000 -0.001, 0.000  0.074 -0.001 -0.001, 0.000
alpha-linolenic (g) 0.14 0.11 2 0.010 -0.067 -0.118,-0.017  0.221 -0.030 -0.077, 0.018
DHA (mg) 0.41 0.12 - 0.567 -0.015 -0.067, 0.037  0.924 0.002 -0.043, 0.047
Vitamin A (mcg) 810.66 944.93 770 0.179  -0.000004 0.000, 0.000  0.219 -0.000003  0.000, 0.000
Vitamin E (mg) 3.75 3.61 15 0.002 -0.003 -0.004, -0.001  0.007 -0.002 -0.003, -0.001
Thiamine B1(mg) 1.63 0.69 1.4 0.058 0.021 0.000, 0.025 0.946 0.001 -0.012, 0.013
Vitamin B3(mg) 17.64 8.01 18 0.086 0.001 0.000, 0.002 0.973 0.000014  -0.001, 0.001
Folic acid (mcg) 204.80 121.87 600 0.239 0.000030 0.000, 0.000 0.610  0.000014 0.001, 0.000
Pantothenic acid (mg) 4.13 3.27 6 0.807 0.000 -0.001, 0.002  0.663 0.000 -0.001, 0.002
Vitamin C (mg) 99.36 66.46 85 0.019 0.000 0.000, 0.000 0.008 0.00100 0.000, 0.000
Vitamin K (mcg) 85.32 76.65 75-90 0.956 0.000002 0.000, 0.000 0.663 -0.000015  0.000, 0.000
Carbohydrate (g) 260.75 90.78 175 0.014 0.000 0.000, 0.000 0.010 0.000 0.000, 0.000
Glucose (g) 12.48 8.36 - 0.195 0.000 0.000, 0.001 0.003 0.001 0.000, 0.001
Fructose (g) 17.90 12.28 55 0.320 0.000 0.000, 0.001 0.004 0.001 0.000, 0.001
lactose (g) 5.78 5.92 <12 0.084 -0.001 -0.002, 0.000  0.678 0.000 -0.001, 0.001
Iron (mg) 16.76 6.78 27 0.541 -0.000043 0.000, 0.000 0.406  0.000051 0.001, 0.001
Magnesium (mg) 253.37 183.92 350-400 0.574  -0.000014 0.000, 0.000 0.617  0.000011 0.000, 0.000
Manganese (mg) 2.99 2.48 2 0.123 0.002 -0.001, 0.004  0.483 0.001 -0.001, 0.003
Zinc (mg) 6.23 2.90 11-12 0.929 0.000 -0.002, 0.003  0.836 0.000 -0.003, 0.002
Sodium (g) 1131.51 682.88 1.5 0.433 0.000004 0.000, 0.000 0.548  0.000003 0.000, 0.000
Potassium (mg) 2353.35 1070.27 2000 0.691 -0.000001 0.000, 0.000 0.355  0.000003 0.000, 0.000
Calcium mg 617.67 312.09 1000 0.124  -0.000016 0.000, 0.000 0.918 -0.000001 0.000, 0.000
Phosphorous (g) 849.62 403.48 700 0.188  -0.000012 0.000, 0.000 0.851 -0.000002  0.000, 0.000
Copper (mg) 1.36 1.22 1 0.754 0.001 -0.004, 0.005  0.989 0.000026  -0.004, 0.004
Selenium (mcg) 0.07 0.04 60 0.106 -0.147 -0.325,0.032  0.073 -0.158 -0.332, 0.015
Chromium (mcg) 0.04 0.03 30 0.402 -0.099 -0.331,0.134  0.554 0.063 -1.148, 0.274
Molybdenum (mcg) 22.80 27.27 50 0.711 -0.000038 0.000, 0.000 0.436 0.0000073  0.000, 0.000
Beta-carotene (mcg) 506.76 986.48 770 0.061 -0.000005 0.000, 0.000 0.075 -0.000004  0.000, 0.000
Alpha-tocopherol (mg) 4.19 4.91 15 mg (22.5 1U) 0.692 0.000 -0.001, 0.001 0.286 -0.001 -0.002, 0.001
VitaminB2 (mg) 1.54 1.59 1.4 0.845 0.000 -0.004, 0.003  0.420 0.001 -0.002 0.004
Vitamin B6 (mg) 1.39 0.71 1.9 0.115 -0.008 -0.018, 0.002  0.114 -0.009 -0.021, 0.002
Vitamin B12 (mcg) 3.12 4.06 2.6 0.192 -0.001 -0.002, 0.000  0.206 -0.009 -0.002, 0.000
Vitamin B8 (mcg) 18.73 14.04 15 0.364 0.000 -0.001, 0.000  0.722  0.000071 0.000, 0.000
Biotin (mcg) 19.50 16.76 30 0.626  -0.000089 0.000, 0.000 0.678  0.000064 0.000, 0.000
Vitamin D (mcg) 1.27 3.46 15 0.011 -0.005 -0.008, -0.001  0.751 0.001 -0.003, 0.004
Fiber (g) 16.32 8.96 28 0.595 0.000 -0.001, 0.001 0.565 0.000 -0.001, 0.001
Sugar (gm) 77.58 46.13 25 0.679 0.000028 0.000, 0.000 0.015 0.000 0.000, 0.000
Galactose (g) 1.02 1.54 3.1 0.309 0.002 -0.002, 0.006  0.137 0.002 -0.001, 0.006
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Table 2. Continued.

Daily nutrient intake* Mean* dsetji'::?(::* R[ﬁ:t)l_iir:::);:::;:f P** p** 95% ClI for B P P 95% Cl for B
Caffeine (mg) 33.01 31.60 400 0.928  -0.000008  0.000, 0.000 0.261 0.000 0.000, 0.000
% Energy from proteins 13.19 4.60 12-20 0.282 0.001 -0.001, 0.002  0.616 0.000 -0.001, 0.002
% Energy from carbohydrates 54.71 16.75 50-60 0.021 0.000 0.000, 0.001  0.104 0.000 0.000, 0.001
% Energy from fats 24.95 10.76 30 0.312 0.000 -0.001, 0.000  0.271 0.000 -0.001, 0.000

QUICKI index: quantitative insulin sensitivity check index.
* Mean and Std. deviation of un-adjusted nutrient intake.

**P: The association of energy-adjusted nutrient intake with QUICKI index by regression analysis.
***P: The association of energy-adjusted nutrient intake with QUICKI index after moderating for significant maternal characteristics.

study demonstrated that lipid emulsion infusion included
linoleate, motivated ceramide production, and human
insulin resistance (24).

We found that higher vitamin C intake increased the
QUICKI index. In contrast, other studies reported that
vitamin C, either alone or in combination with other
antioxidants, could not reduce IR in diabetics (25,26).
Antioxidant vitamins like vitamin C improve endothelial
function and protect biomembranes as opposed to lipid
peroxidation, and clinical trials with antioxidants showed
better results in prediabetes. Vitamin C can reduce free
radicals, decrease protein glycosylation in vitro and in vivo,
and enhance SI by changing the endothelial function and
reducing oxidative stress (27). Also, for every one unit
increase in vitamin E, SI decreased by 0.003 unit. Although
it is an antioxidant, researchers have recently reported that
higher-than-normal doses of vitamin E and beta-carotene,
a precursor to vitamin A, have oxidizing effects (28). This
is our only explanation for the link between the increase
in vitamin E and increased SI. Our results showed that
fructose, glucose, sugar, and carbohydrates enhanced SI.
Also, Ahmadi-Abhari et al reported that greater intakes of
glucose and fructose were related to a lower risk of type 2
diabetes due to intakes of glucose and fructose by themselves
or with other nutrients that may accompany them (29).
Vitamin C and glucose are similar in chemical construction
and could compete with each other (27). Lecoultre et al
showed that short-term hypercaloric intake of simple
sugars could control hepatic SI and the long-term effects
should be further evaluated (30). Oral glucose induces
physiological responses by increasing glucose turnover
and removing dietary lipids, which causes glucose to enter
the bloodstream from the hepatic pathway. Johnson et al
showed that a portal infusion and not a systemic infusion
improved SI, and they believed glucose could mediate
the lipid-induced SI through a hepatoportal mechanism
(31). This is the first survey to assess the correlations of all
nutrients and physical activity scores with the SI index in
the first trimester of gestation. It is also possible that our
findings can be used to determine the reference range of
IR, all different nutrients intake, and physical activity scores
in early pregnancy, which can be used in other studies.
However, this cross-sectional survey could not clarify causal
relationships between the studied variables. Therefore,

further prospective studies are suggested.

Conclusion

The results showed that weight management may prevent
GDM during the first trimester. Moreover, the significant
correlation between the abovementioned nutrients and
household income with the QUICKI index can be further
assessed in future studies.

Acknowledgements

We are grateful to the School of Public Health of Shahid Sadoughi
University of Medical Sciences for providing financial support for
this study (grant No. 4326).

Authors’ Contribution

Conceptualization: Masoomeh Goodarzi-Khoigani.
Data curation: Mohammad Amin Atazadegan,
Goodarzi-Khoigani, Azam Biabanaki-Goortani.
Formal analysis: Maryam Yazdi.

Funding acquisition: Masoomeh Goodarzi-Khoigani.
Investigation: Mohammad Amin Atazadegan, Azam Biabanaki-
Goortani, Masoomeh Goodarzi-Khoigani.

Methodology: Masoomeh Goodarzi-Khoigani and Maryam Yazdi.
Project administration: Masoomeh Goodarzi-Khoigani.

Resources: Azam Biabanaki-Goortani.

Supervision: Masoomeh Goodarzi-Khoigani.

Writing-original draft: Masoomeh Goodarzi-Khoigani.

Masoomeh

Competing Interests
The authors declared no conflict of interest.

Ethical Approval

Ethics Committee of the School of Public Health at Shahid
Sadoughi University of Yazd issued a code of ethics (IR.SSU.SPH.
REC.1395.13).

Funding
This study was supported by the School of Public Health of Shahid
Sadoughi University of Medical Sciences (grant No. 4326).

References

1. Sonagra AD, Biradar SM, K D, Murthy DSJ. Normal pregnancy-
astate of insulin resistance. J Clin Diagn Res. 2014;8(11):CCO1-
3. doi: 10.7860/jcdr/2014/10068.5081.

2. Sivan E, Homko CJ, Chen X, Reece EA, Boden G. Effect of
insulin on fat metabolism during and after normal pregnancy.
Diabetes. 1999;48(4):834-8. doi: 10.2337/diabetes.48.4.834.

3. Ismail NA, Aris NM, Mahdy ZA, Ahmad S, Naim NM, Siraj
HH, et al. Gestational diabetes mellitus in primigravidae: a
mild disease. Acta Medica (Hradec Kralove). 2011;54(1):21-4.
doi: 10.14712/18059694.2016.12.

276 |

Journal of Kerman University of Medical Sciences. Volume 31, Number 5, 2024


https://doi.org/10.7860/jcdr/2014/10068.5081
https://doi.org/10.2337/diabetes.48.4.834
https://doi.org/10.14712/18059694.2016.12

Nutritional status in pregnancy and QUICKI index

Lacroix M, Battista MC, Doyon M, Houde G, Ménard J,
Ardilouze JL, et al. Lower vitamin D levels at first trimester are
associated with higher risk of developing gestational diabetes
mellitus. Acta Diabetol. 2014;51(4):609-16. doi: 10.1007/
5s00592-014-0564-4.

Allman BR, Andres A, Barsheim E. The association of maternal
protein intake during pregnancy in humans with maternal
and offspring insulin sensitivity measures. Curr Dev Nutr.
2019;3(6):nzz055. doi: 10.1093/cdn/nzz055.

Allman BR, Diaz Fuentes E, Williams DK, Turner DE, Andres
A, Barsheim E. Obesity status affects the relationship between
protein intake and insulin sensitivity in late pregnancy.
Nutrients. 2019;11(9):2190. doi: 10.3390/nu11092190.
Radesky JS, Oken E, Rifas-Shiman SL, Kleinman KP, Rich-
Edwards JW, Gillman MW. Diet during early pregnancy
and development of gestational diabetes. Paediatr Perinat
Epidemiol. 2008;22(1):47-59. doi: 10.1111/.1365-
3016.2007.00899.x.

Newsholme P, Cruzat V, Arfuso F Keane K. Nutrient
regulation of insulin secretion and action. ] Endocrinol.
2014;221(3):R105-20. doi: 10.1530/joe-13-0616.

Mazloomy Mahmoodabad SS, Molavi S, Nadjarzadeh A,
Mardanian F, Riahi R, Ardian N, et al. Prevention of postpartum
weight retention during one year after childbirth by prenatal
nutrition education: a randomized controlled trial. Int J Prev
Med. 2021;12:117. doi: 10.4103/ijpvm.IJPVM_37_20.
Mardanian  F, Goodarzi-Khoigani M,  Mazloomy
Mahmoodabad SS, Baghiani Moghadam MH, Nadjarzadeh
A, Feizi A, et al. The association between serum TSH
concentration whithin the normal range and nutritional status
in euthyroid pregnant women at the first trimester of gestation.
J Res Med Sci. 2021;26:93. doi: 10.4103/jrms.JRMS_780_20.
Fathnezhad Kazemi A, Hajian S, Sharifi N. The psychometric
properties of the Persian version of the pregnancy physical
activity questionnaire. Int ] Womens Health Reprod Sci.
2019;7(1):54-60. doi: 10.15296/ijwhr.2019.09.

Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan
G, et al. Quantitative insulin sensitivity check index: a simple,
accurate method for assessing insulin sensitivity in humans.
J Clin Endocrinol Metab. 2000;85(7):2402-10. doi: 10.1210/
jcem.85.7.6661.

Bandres-Meriz ], Dieberger AM, Hoch D, Pochlauer C,
Bachbauer M, Clasner A, et al. Maternal obesity affects
the glucose-insulin axis during the first trimester of human
pregnancy. Front Endocrinol (Lausanne). 2020;11:566673.
doi: 10.3389/fendo.2020.566673.

Demir AK, Sahin §, Kaya SU, Biitiin 1, Citil R, Onder Y, et al.
Prevalence of insulin resistance and identifying HOMAT-IR
and HOMA2-IR indexes in the Middle Black Sea region of
Turkey. Afr Health Sci. 2020;20(1):277-86. doi: 10.4314/ahs.
v20i1.33.

Yang MH, Hall SA, Piccolo RS, Maserejian NN, McKinlay
JB. Do behavioral risk factors for prediabetes and insulin
resistance differ across the socioeconomic gradient? Results
from a community-based epidemiologic survey. Int J
Endocrinol. 2015;2015:806257. doi: 10.1155/2015/806257.
Volaco A, Cavalcanti AM, Filho RP,  Précoma DB.
Socioeconomic status: the missing link between obesity and
diabetes mellitus? Curr Diabetes Rev. 2018;14(4):321-6. doi:
10.2174/1573399813666170621123227.

Aloia CR, Gasevic D, Yusuf S, Teo K, Chockalingam A, Patro
BK, et al. Differences in perceptions and fast food eating
behaviours between Indians living in high- and low-income
neighbourhoods of Chandigarh, India. Nutr J. 2013;12:4. doi:

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

10.1186/1475-2891-12-4.

Lee JS, Pinnamaneni SK, Eo SJ, Cho IH, Pyo JH, Kim CK, et
al. Saturated, but not n-6 polyunsaturated, fatty acids induce
insulin resistance: role of intramuscular accumulation of lipid
metabolites. ] Appl Physiol (1985). 2006;100(5):1467-74. doi:
10.1152/japplphysiol.01438.2005 .

Yu C, Chen Y, Cline GW, Zhang D, Zong H, Wang Y,
et al. Mechanism by which fatty acids inhibit insulin
activation of insulin receptor substrate-1 (IRS-1)-associated
phosphatidylinositol 3-kinase activity in muscle. J Biol Chem.
2002;277(52):50230-6. doi: 10.1074/jbc.M200958200.
Noakes TD, Windt ). Evidence that supports the prescription of
low-carbohydrate high-fat diets: a narrative review. Br J Sports
Med. 2017;51(2):133-9. doi: 10.1136/bjsports-2016-096491.
Yang Q, Vijayakumar A, Kahn BB. Metabolites as regulators
of insulin sensitivity and metabolism. Nat Rev Mol Cell Biol.
2018;19(10):654-72. doi: 10.1038/s41580-018-0044-8.
Chen X, Scholl TO, Leskiw MJ, Donaldson MR, Stein TP.
Association of glutathione peroxidase activity with insulin
resistance and dietary fat intake during normal pregnancy. |
Clin Endocrinol Metab. 2003;88(12):5963-8. doi: 10.1210/
jc.2003-030544.

Schwingshackl L, Hoffmann G. Monounsaturated fatty acids,
olive oil and health status: a systematic review and meta-
analysis of cohort studies. Lipids Health Dis. 2014;13:154.
doi: 10.1186/1476-511x-13-154.

Straczkowski M, Kowalska I, Nikolajuk A, Dzienis-
Straczkowska S, Kinalska I, Baranowski M, et al. Relationship
between insulin sensitivity and sphingomyelin signaling
pathway in human skeletal muscle. Diabetes. 2004;53(5):1215-
21. doi: 10.2337/diabetes.53.5.1215.

Khodaeian M, Tabatabaei®Malazy O, Qorbani M, Farzadfar
F, Amini P, Larijani B. Effect of vitamins C and E on insulin
resistance in diabetes: a metalanalysis study. Eur ] Clin Invest.
2015;45(11):1161-74. doi: 10.1111/eci.12534.
Sanchez-Lugo L, Mayer-Davis EJ, Howard G, Selby JV, Ayad
MF, Rewers M, et al. Insulin sensitivity and intake of vitamins E
and C in African American, Hispanic, and non-Hispanic white
men and women: the Insulin Resistance and Atherosclerosis
Study (IRAS). Am J Clin Nutr. 1997;66(5):1224-31. doi:
10.1093/ajcn/66.5.1224.

Hyder M, Raja D, Varma V, Ponnusankar S. Oxidative stress
during insulin resistance in prediabetes: a review on role of
antioxidants. Int ] Res Pharm Sci. 2020;11(3):3511-20. doi:
10.26452/ijrps.v11i3.2503.

Gregdrio BM, De Souza DB, de Morais Nascimento FA, Pereira
LM, Fernandes-Santos C. The potential role of antioxidants in
metabolic syndrome. Curr Pharm Des. 2016;22(7):859-69.
doi: 10.2174/1381612822666151209152352.
Ahmadi-AbhariS, Luben RN, Powell N, BhanianiA, Chowdhury
R, Wareham NJ, et al. Dietary intake of carbohydrates and risk
of type 2 diabetes: the European Prospective Investigation into
Cancer-Norfolk study. Br ] Nutr. 2014;111(2):342-52. doi:
10.1017/s0007114513002298.

Lecoultre V, Egli L, Carrel G, Theytaz F, Kreis R, Schneiter P,
et al. Effects of fructose and glucose overfeeding on hepatic
insulin sensitivity and intrahepatic lipids in healthy humans.
Obesity (Silver Spring). 2013;21(4):782-5. doi: 10.1002/
0by.20377.

Johnson HM, Stanfield E, Campbell GJ, Eberl EE, Cooney CJ,
Bell-Anderson KS. Glucose mediates insulin sensitivity via
a hepatoportal mechanism in high-fat-fed rats. J Endocrinol.
2019;241(3):189-99. doi: 10.1530/joe-18-0566.

Journal of Kerman University of Medical Sciences. Volume 31, Number 5, 2024 | 277


https://doi.org/10.1007/s00592-014-0564-4
https://doi.org/10.1007/s00592-014-0564-4
https://doi.org/10.3390/nu11092190
https://doi.org/10.1111/j.1365-3016.2007.00899.x
https://doi.org/10.1111/j.1365-3016.2007.00899.x
https://doi.org/10.1530/joe-13-0616
https://doi.org/10.4103/ijpvm.IJPVM_37_20
https://doi.org/10.4103/jrms.JRMS_780_20
https://doi.org/10.1210/jcem.85.7.6661
https://doi.org/10.1210/jcem.85.7.6661
https://doi.org/10.3389/fendo.2020.566673
https://doi.org/10.4314/ahs.v20i1.33
https://doi.org/10.4314/ahs.v20i1.33
https://doi.org/10.1155/2015/806257
https://doi.org/10.2174/1573399813666170621123227
https://doi.org/10.1186/1475-2891-12-4
https://doi.org/10.1152/japplphysiol.01438.2005
https://doi.org/10.1074/jbc.M200958200
https://doi.org/10.1136/bjsports-2016-096491
https://doi.org/10.1038/s41580-018-0044-8
https://doi.org/10.1210/jc.2003-030544
https://doi.org/10.1210/jc.2003-030544
https://doi.org/10.1186/1476-511x-13-154
https://doi.org/10.2337/diabetes.53.5.1215
https://doi.org/10.1111/eci.12534
https://doi.org/10.1093/ajcn/66.5.1224
https://doi.org/10.26452/ijrps.v11i3.2503
https://doi.org/10.2174/1381612822666151209152352
https://doi.org/10.1017/s0007114513002298
https://doi.org/10.1002/oby.20377
https://doi.org/10.1002/oby.20377

