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Abstract

OBJECTIVES—To examine the association of maternal early pregnancy oxidative stress with

risk of gestational diabetes mellitus (GDM).

DESIGN AND METHODS—A pilot prospective, nested case-control study was conducted.

Study participants were recruited before 20 weeks gestation. Maternal urinary 8-

hydroxydeoxyguanosine (8-OHdG), a biomarker of systemic oxidative DNA damage and repair,

was measured using competitive immunoassays. Logistic regression was used to calculate odds

ratio (OR) and 95% confidence intervals (95%CI).

RESULTS—Elevations in early pregnancy urinary 8-OHdG concentrations were associated with

increased GDM risk. After adjusting for confounders, the OR for extreme quartiles (≥8.01 vs.

<4.23ng/mg creatinine) of 8-OHdG was 3.79 (95%CI 1.03-14.00). The risk for GDM was highest

for overweight women with urine 8-OHdG concentrations ≥ 8.01ng/mg creatinine (OR=5.36,

95%CI 1.33-21.55) when compared with lean women who had 8-OHdG concentrations <

8.01ng/mg creatinine.

CONCLUSIONS—Elevated urine 8-OHdG concentrations in early pregnancy appear to be

associated with increased GDM risk.
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INTRODUCTION

Reactive oxygen species (ROS), including superoxide anion radicals, hydrogen peroxide and

hydroxyl radical, are formed continuously in living cells as a consequence of normal
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metabolic reactions. Under normal physiological conditions, there is a balance between

endogenous oxidants and various antioxidant defenses. The excessive generation of oxidants

or a decrease of antioxidants results in an imbalance called oxidative stress, in which

oxidants generated in vivo produce extensive oxidative damage to nucleic acids as well as

lipids and proteins [1]. 8-Hydroxy-2′-deoxyguanosine (8-OHdG), produced by oxidation of

the nucleoside deoxyguanosine and subsequently excreted directly into urine, has been

identified as a sensitive marker for oxidative DNA damage [2-3]. Mounting evidence

suggests that elevated urinary 8-OHdG, a biomarker of generalized, cellular oxidative stress,

is associated with increased risks of cancer [2, 4], autoimmune disorders [5-6],

atherosclerosis [7-8], and diabetes [9-12]. Leionen et al [9] in their study of Finnish

diabetics and controls observed that total 24-hour urinary excretion of 8-OHdG was

markedly elevated among non-insulin-dependent diabetes cases as compared with control

subjects (35.9±16.4 vs. 24.3±15.2 ng/mg creatinine, p<0.001). Other investigators have also

noted increased urinary 8-OHdG concentrations in diabetics with poor glycemic control [10,

13].

Increased oxidative stress in human pregnancy has also been implicated in the pathogenesis

of preeclampsia [14-15], preterm birth [16], intrauterine growth retardation [14, 17] and low

birth weight deliveries [18]. Stein et al [16] recently reported that elevated urine 8-OHdG

concentrations measured in early pregnancy were associated with reduced infant birthweight

and with shortened length of gestation. To our knowledge, no previous study has examined

the extent to which, if at all, maternal urinary 8-OHdG in early pregnancy may be related

with incident gestational diabetes mellitus (GDM). On the basis of an emerging literature

documenting associations of 8-OHdG with hyperglycemia, type 2 diabetes and medical

complications of pregnancy including preeclampsia, we hypothesized that maternal early

pregnancy urinary 8-OHdG concentrations are positively associated with subsequent risk of

GDM. Using information and urine specimens gathered as part of a prospective cohort study

of women receiving prenatal care before 20 weeks gestation, we examined the association

between early-pregnancy urine 8-OHdG concentrations, normalized using creatinine

concentrations, with the subsequent risk of GDM.

MATERIALS AND METHODS

Study population

This nested case-control study was based on a prospective cohort study of pregnant women,

the “Omega Study” [19]. In this cohort, participants were recruited from women attending

prenatal care at clinics affiliated with Swedish Medical Center in Seattle and Tacoma

General Hospital in Tacoma, Washington. Women were ineligible if they initiated prenatal

care after 20 weeks gestation, were younger than 18 years of age, did not speak and read

English, did not plan to carry the pregnancy to term, or did not plan to deliver at either of the

two research hospitals. Participants completed a questionnaire administered in English by a

trained interviewer at or near enrollment. These questionnaires were used to gather

information on socio-demographic, anthropomorphic, and behavioral characteristics and

reproductive and medical histories. After delivery, maternal and infant medical records were

abstracted for information on the course and outcome of pregnancy. The procedures used in
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the Omega Study were in agreement with the protocols approved by the Institutional Review

Boards of Swedish Medical Center and Tacoma General Hospital. All participants provided

written informed consent.

The analytical population was selected from pregnant women who enrolled in the Omega

Study between September 2002 and October 2004. During this period, a total of 953

pregnant women provided blood samples and completed interviews. Among them, we

identified and sampled all 55 women who developed GDM and we randomly sampled 43

women who did not develop GDM as controls. The number of controls was limited by the

availability of reagents for measuring urinary biological markers of interest. Power and

sample size calculations indicated that with 43 GDM cases and an equal number of controls

we had at least 85% power to detect a 25% difference in mean urinary 8-OHdG

concentrations across the two study groups (α=0.05, two tailed). A difference in such

magnitude is compatible with prior reports from pregnancy cohorts [18]. We had only 73%

power to detect a 3.0-fold increased risk of GDM (α=0.05, two tailed) associated with

elevated urinary 8-OHdG concentrations (defined as values above the highest quartile in

controls).

Data collection

From structured questionnaire and medical records, we obtained information of covariates

including maternal age, educational attainment, height, pre-pregnancy weight, reproductive

and medical histories, and medical histories of first-degree family members. We also

collected information on annual household income and maternal smoking before and during

pregnancy. Pre-pregnancy body mass index (BMI) was calculated as pre-pregnancy weight

in kilograms divided by height in meters squared. Maternal medical records were reviewed

to collect detailed medical and clinical information. In our study settings, according to the

recommendations from the American Diabetes Association (ADA) [20], pregnant women

were screened at 24-28 weeks gestation using a 50 gram 1-hour oral glucose challenge test.

Those patients who failed this screening test (glucose ≥7.8 mmol/l or 140 mg/dl) were then

followed-up within 1-2 weeks with a 100g, 3-h oral glucose tolerance test (OGTT). We also

abstracted laboratory results from participants’ 50 gram 1-hour glucose challenge test and

from the diagnostic 100 gram 3-hour OGTT. Women were diagnosed with GDM if two or

more of the 100 gram OGTT glucose levels exceeded the ADA criteria: fasting ≥5.3 mmol/l

(≥95 mg/dl); 1-hour ≥10.0 mmol/l (≥180 mg/dl); 2-hour ≥8.6 mmol/l (≥155 mg/dl); 3-hour

≥7.8 mmol/l (≥140 mg/dl) [20].

Participants provided a clean-catch spot urine sample around 16 weeks of gestation.

Immediately after collection, samples were separated into 2ml aliquots and stored at -80°C

until analysis. We used urine levels of the oxidized base, 8-hydroxy-2’-deoxyguanosine (8-

OHdG), as our biomarker of DNA oxidative stress. 8-OHdG was measured in duplicates

using a highly sensitive 8-OHdG check enzyme-linked immunosorbent assay (ELISA) kit

(Genox Corp., Baltimore, MD). This competitive ELISA is specifically designed for

measurement of 8-OHdG in tissues expected to have low levels of cellular oxidative stress.

This ELISA method offers a valid and comparatively simple alternative to more technically

demanding HPLC-EC or GC-MS techniques for the quantitative assessment of oxidative
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DNA damage [21]. Moreover, investigators have reported excellent correlation between

HPLC and ELISA methods (r = 0.96) [22]. The intra-assay coefficient of variation (CV) was

11.8% and the inter-assay CV was 8%. Urinary 8-OHdG concentrations were normalized

using participants’ urine creatinine concentrations; and were expressed as ng/mg creatinine.

Urine creatinine concentrations were measured using commercially available kits and

reagents (R&D Systems, Minneapolis, MN).

Statistical analysis

Because the distribution of urine 8-OHdG concentrations was approximately normally

distributed (Kolmogorov-Smirnov test P-value = 0.20), we examined differences in mean

concentrations between cases and controls using the Student’s t test. However, given the

observation of two potential outliers (high among cases), we also tested differences in

median urine 8-OHdG concentrations between cases and controls using the Mann-Whitney

test. We categorized urine 8-OHdG concentrations according to quartiles determined by the

distribution among controls. We used logistic regression models to estimate odds ratios

(OR) and 95% confidence interval (95% CI). We evaluated the covariates in Table 1 as

potential confounders and included in the final model those that altered unadjusted ORs by

10% or more, including maternal age, race/ethnicity and pre-pregnancy body mass index.

All analyses were performed using Stata 9.0 (Stata, College Station, TX). All reported

confidence intervals were calculated at the 95% level and all reported p-values are two-

tailed.

RESULTS

As shown in Table 1, women who developed GDM were older, heavier, more likely to have

a positive family history of type 2 DM, and less likely to be non-Hispanic White as

compared with controls. Maternal urinary concentrations of 8-OHdG were 26.5% higher

(mean ± standard deviation: 7.98 ± 4.12 vs. 6.31 ± 2.49 ng/mg creatinine, P value = 0.02),

on average, among women who subsequently developed GDM, as compared with those who

did not develop GDM during the index pregnancy (Figure 1). Notably, this difference

remained after we excluded two subjects with extremely high, potentially outlier, 8-OHdG

concentrations (7.47 ± 3.79 vs. 6.31 ± 2.49 ng/mg creatinine, P value = 0.05). Urinary 8-

OHdG concentrations remained statistically significantly higher, on average, among GDM

cases as compared with controls after adjustment for maternal age, race/ethnicity and pre-

pregnancy body mass index (geometric mean = 1.30 ng/mg creatinine, P value = 0.02).

There was weak evidence of a linear trend in risk of GDM with increasing concentrations of

maternal early pregnancy urine 8-OHdG concentrations (P for trend = 0.05) after control for

confounding by maternal age, race/ethnicity and pre-pregnancy body mass index (Table 2).

Women with urine 8-OHdG concentrations ≥ 8.01 ng/mg creatinine (i.e., the highest

quartile) experienced a 3.79-fold increased risk of GDM (adjusted OR = 3.79; 95% CI

1.03-14.00) as compared with women whose concentrations were < 4.23 ng/ml creatinine

(i.e., the referent group).

We further examined the independent and joint effect of maternal urine 8-OHdG

concentrations and overweight status on the risk of GDM (Table 3). The association of

Qiu et al. Page 4

Clin Biochem. Author manuscript; available in PMC 2014 May 19.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



GDM with elevated 8-OHdG concentrations appeared to be strongest for overweight (BMI ≥

25kg/m2) women, though the p-value for the interaction term did not reach statistical

significance (P for interaction = 0.46). The risk for GDM was highest for overweight women

with early pregnancy urine 8-OHdG concentrations ≥ 8.01 ng/ml creatinine; they

experienced a 5.36-fold increased risk as compared with lean women who had early

pregnancy urine 8-OHdG concentrations <8.01 ng/mg creatinine (adjusted OR = 5.36, 95%

CI 1.33-21.55). Inferences from these analyses should be made with caution as the sample

sizes for each group was small and estimated ORs were statistically imprecise as evidenced

by the wide 95% confidence intervals.

DISCUSSION

In the pilot nested case-control study, maternal urine 8-OHdG concentrations in early

pregnancy appeared to be positively associated with GDM risk. This association was

statistically significant after controlling for established risk factors of GDM including

maternal age, race/ethnicity and pre-pregnancy body mass index. The risk for GDM was

highest for overweight women with urine 8-OHdG concentrations ≥ 8.01 ng/mg creatinine

(OR=5.36) when compared with lean women who had 8-OHdG concentrations < 8.01

ng/mg creatinine.

Our findings are generally consistent with a relatively large body of literature documenting

positive associations of urinary 8-OHdG with hyperglycemia, impaired glucose intolerance,

and type 2 diabetes in men and non-pregnant women [9-10, 12-13, 23]. Our results are also

in agreement with studies that assessed 8-OHdG concentrations in other tissues, including

serum, mononuclear cells, and pancreatic β-cells, and found evidence of positive

associations with hyperglycemia and impaired glucose tolerance [11, 23-25]. For example,

Miyazaki et al [23] reported a positive association between serum 8-OHdG and acute

hyperglycemia induced by oral glucose load. Our results are also consistent with several

cross-sectional clinical studies and in vitro studies that have evaluated other indices of

oxidative stress (e.g., measures of lipid and protein oxidation or measures of antioxidant

defenses) in specimens collected from GDM cases and controls [26-30]. On balance,

available data suggest that GDM is characterized by impaired enzymatic antioxidant

activities [27-28, 31], reduced antioxidants in peripheral circulation [26], and enhanced

measures of lipid [29, 32] and protein [30, 33] oxidative stress. For example Grissa et al

[28], in their cross sectional study of GDM case and controls reported elevated serum

thiobarbituric acid-reactive substances (TBARS) concentrations and superoxide dismutase

(SOD) enzyme activity among cases versus controls. Investigators have shown that placental

release of 8-isoprostane was 2-fold greater from women with GDM (P < 0.001) compared to

healthy pregnant women [31]. These findings were recently corroborated and extended by a

study that demonstrated increased lipid oxidative stress response (as measured by 8-

isoprostane release) secondary to hypoxanthine (HX)/xanthine oxidase (XO) exposure of

maternal omental and subcutaneous adipose tissues from GDM versus control subjects [29].

Others have reported lower mean maternal daily consumption of vitamin C (130.7±10.2 vs.

145±4.9 mg/d, P = 0.190) and lower plasma ascorbic acid concentrations (36±2.0 vs. 53±1.0

μmol/l, P < 0.001) among GDM cases as compared with controls [26]. Although we know of

no other prospective studies of maternal urine 8-OHdG and GDM risk, our results are
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consistent with one prospective study in which investigators documented increased protein

oxidation in amniotic fluid samples collected at 15 weeks gestation from women destined to

develop GDM as compared with controls [30].

Our study has several strengths. First, determination of 8-OHdG concentrations using urine

collected in early pregnancy served to define the temporal relationship between maternal

oxidative stress and subsequent risk of GDM. Second, the high follow-up rate (> 95%) of

women enrolled in our study minimized possible selection bias. However, several

limitations also merit discussion and consideration. First, a single measurement of urinary 8-

OHdG concentrations is not likely to provide a time-integrated measure of maternal cellular

oxidative stress during the entire pregnancy. Longitudinal studies with serial measurements

of urinary 8-OHdG concentrations along with indices of insulin sensitivity and secretion

across gestation are needed to elucidate the mechanisms and pathophysiological

consequences of maternal oxidative stress during pregnancy. Second, our study is relatively

small and thus, larger prospective studies are needed to confirm our results and to provide

more precise estimates of association. Third, as with all observational studies, although we

adjusted for known and suspected confounders, we cannot exclude the possibility of residual

confounding from unmeasured covariates. Fourth, universal glucose tolerance testing in

early pregnancy is not part of the standard obstetric care. Hence, we cannot exclude the

possibility that some subjects in our study had undiagnosed pre-gestational diabetes. Over

95% of study subjects reported having regular medical exams within a 24-month period

before the index pregnancy; and the cumulative incidence of GDM in our study cohort is

consistent with observations in other settings [20]. Finally, the generalizability of our

finding is limited to a largely non-Hispanic White, well educated obstetric population.

Our results and those of others [9-13, 23-33] are supported by current understanding of the

potential mechanisms that relate oxidative stress and subsequent impaired glucose tolerance

and insulin resistance. Oxidative stress may induce systemic endothelial dysfunction that

may directly or indirectly contribute to impaired pancreatic β-cell function and glucose

intolerance. Pancreatic β-cells are particularly sensitive to ROS because they are low in free-

radical quenching antioxidant enzymes such as catalase, glutathione peroxidase, and

superoxide dismutase. Therefore, oxidative stress seems to damage mitochondria and

markedly blunt insulin secretion [34-35]. Oxidative stress is known to impair insulin action

through a change in the chemical-physical state of plasma membrane, an increase in

intracellular calcium concentration or a reduction in nitric oxide availability [36]. Oxidative

stress in muscle and adipose tissues can produce a state of insulin resistance which

decreasing insulin-stimulated glucose uptake by those peripheral tissues and increasing the

circulating glucose level [37]. Oxidative stress contributes, in vivo, to specifically alterthe

early phase of insulin secretion because the latter can be restored by antioxidants [36].

Oxidative stress is convincingly the mediator of such damage characterized by a reversible

defective insulin gene expression [38]. It is well recognized that inflammation is involved in

the pathogenesis of diabetes and is one manifestation of oxidative stress and the pathways

that generate the mediators of inflammation,such as adhesion molecules and interleukins, are

all induced by oxidative stress [39].
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CONCLUSIONS

In summary, this preliminary report extends the current literature by documenting a relation

between early pregnancy urine 8-OHdG concentrations and GDM risk; and corroborates

results from previous cross sectional studies. Our findings, coupled with an extensive

literature, support a role of oxidative stress in the pathogenesis of impaired glucose

homeostasis in pregnant and non-pregnant populations. Large-scale longitudinal studies,

however, are warranted to further exam the extent to which early pregnancy urine 8-OHdG

concentrations can be used as a risk marker for GDM.
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Figure 1.
Boxplot of maternal early pregnancy urine 8-OHdG (ng/mg creatinine) concentrations

among GDM cases and controls.

Qiu et al. Page 10

Clin Biochem. Author manuscript; available in PMC 2014 May 19.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Qiu et al. Page 11

Table 1

Socio-demographic and other characteristics of the study subjects, Seattle and Tacoma, Washington, USA

Characteristics GDM Cases (N=55) Control Subjects (N=43) P-value

Age (years) 34.6 ± 4.6 32.6 ± 4.8 0.04

Age (years)

    20-29 6 (10.9) 9 (20.9) 0.37

    30-34 21 (38.2) 19 (44.2)

    35-39 21 (38.2) 11 (25.6)

    ≥40 7 (12.7) 4 (9.3)

Race/ethnicity

    Non-Hispanic White 38 (69.1) 37 (86.0) 0.005

    African American 2 (3.6) 4 (9.3)

    Other 15 (27.3) 2 (4.7)

Less than 12 years of education 1 (1.8) 3 (7.0) 0.32

Single marital status 8 (14.6) 3 (7.0) 0.34

Nulliparous 26 (47.3) 27 (62.8) 0.13

Smoked during pregnancy 3 (5.5) 0 (0.0) ---

Consumed prenatal vitamins 54 (98.2) 41 (95.4) 0.58

No leisure time exercise during pregnancy 9 (16.4) 4 (9.3) 0.38

History of chronic hypertension 6 (10.9) 3 (7.0) 0.73

Family history of hypertension 34 (61.8) 24 (55.8) 0.55

Family history of diabetes 13 (23.6) 8 (18.6) 0.55

Pre-pregnancy body mass index (kg/m2) 26.2 ± 6.3 23.2 ± 3.8 0.006

Pre-pregnancy body mass index (kg/m2)

    Lean (<18.5) 1 (1.8) 2 (4.6) 0.11

    Normal (18.5-24.9) 27 (49.1) 30 (69.8)

    Overweight (25.0-29.9) 20 (36.4) 8 (18.6)

    Obese (≥30.0) 7 (12.7) 3 (7.0)

Gestational age at urine collection (wks) 16.4 ± 2.2 16.7 ± 2.4 0.51

Gestational age at delivery (wks) 38.2 ± 2.1 38.7 ± 1.8 0.24

Infant birth weight (g) 3486 ± 604 3273 ± 553 0.08

Macrosomia (infant birth weight ≥4000g) 14 (25.5) 3 (7.0) 0.03

Multiple birth 5 (9.1) 3 (7.0) 0.70

Maternal early pregnancy urine 8-OHdG (ng/mg creatinine) 7.98 ± 4.12 6.31 ± 2.49 0.02

Presented as in mean ± SD, or number (%)
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Table 2

Odds ratios (OR) and 95% confidence intervals (CI) of the risk for gestational diabetes (GDM) according to

maternal urine 8-OHdG concentrations in early pregnancy, Seattle and Tacoma, Washington, USA

Urine 8-OHdG (ng/mg
creatinine)

GDM Cases (N=55) Control Subjects (N=43) Unadjusted OR (95% CI) *
Adjusted OR (95% CI)

Quartiles

Q1 (<4.23) 8 (14.6) 10 (23.2) 1.00 (referent) 1.00 (referent)

Q2 (4.23-6.34) 15 (27.3) 11 (25.6) 1.70 (0.51-5.73) 1.63 (0.41-6.40)

Q3 (6.35-8.00) 8 (14.6) 11 (25.6) 0.91 (0.25-3.34) 1.15 (0.27-4.97)

Q4 (≥8.01) 24 (43.6) 11 (25.6) 2.73 (0.84-8.80) 3.79 (1.03-14.00)

P for trend 0.15 0.05

*
Adjusted for maternal age, race/ethnicity and pre-pregnancy body mass index
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Table 3

Odds ratios (OR) and 95% confidence intervals (CI) of the risk for gestational diabetes mellitus (GDM)

according to maternal early pregnancy elevated urine 8-OHdG concentrations and pre-pregnancy overweight

status, Seattle and Tacoma, Washington, USA

Elevated 8-OHdG & Pre-
pregnancy Overweight

GDM Cases (N=55) Control Subjects (N=43) Unadjusted OR (95% CI) *
Adjusted OR (95% CI)

No & No 16 (29.1) 25 (58.1) 1.00 (referent) 1.00 (referent)

Yes & No 12 (21.8) 7 (16.3) 2.68 (0.87-8.24) 3.63 (1.09-12.14)

No & Yes 15 (27.3) 7 (16.3) 3.35 (1.12-10.01) 3.06 (0.93-10.01)

Yes & Yes 12 (21.8) 4 (9.3) 4.67 (1.29-17.10) 5.36 (1.33-21.55)

P for interaction 0.49 0.46

Elevated urine 8-OHdG is defined as maternal urine 8-OHdG ≥ 8.01 ng/mg creatinine (highest quartile in the controls). Pre-pregnancy overweight

status is defined as maternal pre-pregnancy BMI≥ 25 kg/m2.

*
Adjusted for maternal age and race/ethnicity
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