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A B S T R A C T   

Introduction: Racial/ethnic minority and foreign-born women in the United States are at high risk of experiencing 
racial discrimination, which is associated with adverse health outcomes. Although racial discrimination is 
associated with metabolic disturbances such as insulin resistance and type 2 diabetes, more studies should 
examine its effect on gestational diabetes mellitus (GDM), which is highest among racial/ethnic minority and 
foreign-born women. 
Methods: We used New York City Pregnancy Risk and Assessment Monitoring System survey data (2012–2014) 
linked with birth certificate items (N = 4084) in bivariate and multivariate analyses to examine racial/ethnic/ 
nativity differences in racial discrimination, and to test if racial discrimination explains racial/ethnic/nativity 
inequalities in GDM. 
Results: The 12-month prevalence of racial discrimination (9.5%) varied across race/ethnicity and nativity status, 
with Black, Hispanic and foreign-born women having the highest prevalence. Interaction effects indicate that US- 
born Black and Hispanic women are at increased risk of racial discrimination compared to their foreign-born 
counterparts. Women with GDM had statistically higher prevalence of racial discrimination (14%) compared 
with women without GDM (9%). Racial discrimination was associated with a 57% increased unadjusted risk of 
GDM (RR = 1.57, 95% CI [1.19, 2.06]) that decreased to 24% after adjusting for all covariates (RR = 1.24, 95% 
CI [0.87, 1.78]). 
Discussion: The high proportion of racial/ethnic minority and foreign-born women experiencing racial discrim-
ination, and its potential impact on GDM, underscores the importance of culturally informed screening and 
intervention approaches by trained professionals.   

1. Introduction 

Gestational diabetes mellitus (GDM), defined as glucose intolerance 
with onset during pregnancy (American Diabetes Association [Ameri-
canDiabetes Association, 2020), is associated with numerous pregnancy 
and birth complications, including macrosomia, shoulder dystocia, 
preeclampsia, and cesarean section (Plows et al., 2018). GDM is also 
linked to an increased incidence of post-partum type 2 diabetes, which 
varies across racial/ethnic groups (Wang et al., 2012). Although the 
overall prevalence of GDM in the United States (US) is currently 10% 
(AmericanDiabetes Association, 2020), it has increased in the past 
decade in the US, particularly among non-White women (Zhou et al., 
2018). Prevalence of GDM is highest among Asian American/Pacific 
Islander (Asian/PI) (16%), Hispanic (12%) and Black (11%) women, and 

lowest among White (7%) women (DeSisto et al., 2014). Additionally, 
foreign-born women have almost twice the risk of GDM, compared to 
US-born women across all racial/ethnic groups (Kim et al., 2013). 

In addition to higher prevalence of GDM among racial/ethnic mi-
nority and foreign-born women, there are also racial/ethnic and nativity 
differences in adverse birth outcomes associated with GDM. A study by 
Nguyen et al. (2012) found that Black women with GDM were almost 
twice as likely to develop preeclampsia or have a preterm birth and fetal 
anomalies compared to their White counterparts. GDM is also associated 
with an increased risk of developing type 2 diabetes, especially among 
Black women (Wang et al., 2012). While approximately 50% of GDM 
cases are attributed to overweight and obesity (DeSisto, 2014), this es-
timate also varies by race/ethnicity and nativity status (Kim et al., 
2013), and does not account for additional factors contributing to GDM 
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that require examination. 

1.1. Psychosocial stress and health inequalities 

Psychosocial stress is associated with racial/ethnic (Sternthal et al., 
2011) and nativity inequalities in health (Williams & Sternthal, 2010). 
Pregnant women and pregnant racial/ethnic minority women in 
particular experience high psychosocial stress (Robinson et al., 2016). 
Assessment of psychosocial stress is complex, with measurement 
including specific stressful events or perceptions of stress (Nast et al., 
2013). Studies have found associations between GDM and both 
perceived psychosocial stress and stressful life events (Hosler et al., 
2011; Mishra et al., 2020; Silviera et al., 2014). Given that stress is 
common during pregnancy, especially among racial/ethnic minorities, 
and is associated with adverse reproductive outcomes, including GDM, 
it is important to identify stressors that pose the greatest health risks to 
pregnant women and their infants. 

Racism is a stressor that affects health due to the cumulative effects 
of discriminatory experiences throughout the life course, at multiple 
levels, and is associated with adverse reproductive outcomes such as 
pre-term birth and low-birth weight (Sonderlund et al., 2021). Racism 
refers to prejudiced positions and practices at multiple levels, that 
perpetuate oppression and inequality by restricting opportunities for 
non-White groups to the advantage of White groups (Braveman et al., 
2022). While the terms racism and discrimination are often used inter-
changeably (Giscombe & Lobel, 2005), we use ‘racial discrimination’ 
except when keeping consistent with terms used by authors in other 
studies. 

1.2. Pathophysiology of stress 

Psychosocial stress results in a predictable pattern of physiologic and 
neuroendocrine disturbance that is associated with insulin resistance, 
metabolic syndrome, and type-2 diabetes. Although allostasis is the 
protective cardiovascular, metabolic and immune system maintenance 
of homeostasis in response to stressors, prolonged activation and 
continued impact of the physiologic stress response, known as allostatic 
load, causes “wear and tear” on allostatic systems. Over time, this wear 
and tear from stress adversely affects health (McEwen, 1998, p. 171). 
While the pathophysiology of type 2 diabetes is independently predicted 
by obesity, insulin resistance, and other glycemic factors (Norberg et al., 
2007), hypothalamic-pituitary-adrenal (HPA) arousal is a proposed 
neuroendocrine mechanism between stress and insulin resistance and 
the development of type 2 diabetes (Abraham et al., 2007). For example, 
stress increases cortisol and catecholamine secretion, which can activate 
harmful pathophysiology including insulin resistance (Innes et al., 
2007), a risk factor for GDM (Barbour et al., 2007). 

Research has shown an independent dose-response association be-
tween stress and risk of abnormal glucose metabolism in women (Wil-
liams et al., 2013). While type-2 diabetes is associated with stress, 
particularly among lower socio-economic status (SES) groups (Abraham 
et al., 2007), stress has only recently been examined for its association 
with GDM (Hosler et al., 2011; Mishra et al., 2020; Silviera et al., 2014). 
Racial discrimination is an important source of stress for racial/ethnic 
minority and foreign-born groups and may impact risk of GDM. One of 
the ways racism is thought to impact health is via pathophysiological 
mechanisms, as demonstrated by a study that found a positive associa-
tion between racism and cortisol dysregulation (Tull et al., 2005). 

1.3. Discrimination and metabolic risk 

Racial discrimination has been linked to metabolic disturbances (e.g. 
glucose intolerance, insulin resistance, type 2 diabetes). Beatty Moody 
et al. (2018) found that discrimination was associated with 33% 
increased incidence of metabolic syndrome, and this association was 
particularly marked among Black and Hispanic women. A study by 

Butler et al. (2002) documented independent associations after con-
trolling for BMI and other covariates between racism and impaired 
glucose tolerance. Although this association became non-significant 
once waist circumference was added to the model, a subsequent study 
showed independent relationships between racism and abnormal fasting 
glucose among Black women (Tull et al., 2007). Studies have also found 
associations between racial discrimination and insulin resistance 
(Chambers et al., 2004; Wagner et al., 2013), and Tull and Chambers 
(2001) found a relationship between racial discrimination and type 2 
diabetes. Wagner et al. (2015) reported that lifetime racial discrimina-
tion experienced by Black and White women with diabetes in the US 
adversely affected glucose control. 

To our knowledge, only one study has examined the association 
between discrimination and GDM. MacGregor et al. (2020) found that 
discrimination was associated with a 2-fold increased adjusted odds of 
GDM that was only partially mediated (23%) by obesity. Given that 
racial discrimination is a stressor that may increase risk of GDM, our 
study examined whether exposure to racial discrimination helps explain 
differences in GDM across race/ethnicity and nativity status. The aims of 
the study were to investigate the association of race/ethnicity and na-
tivity status with racial discrimination, to understand the relationship 
between discrimination and GDM, and to test the degree to which the 
associations between race/ethnicity and nativity status and GDM were 
explained by discrimination. 

2. Methods 

We analyzed data from the 2012–2014 New York City (NYC) Preg-
nancy Risk Assessment Monitoring System (PRAMS), a population-based 
questionnaire regarding maternal experiences and behaviors before, 
during and just after live birth pregnancies (Centers for Disease Control 
and Prevention [CDC], 2017). This surveillance system is directed by the 
CDC and administered by the NYC Department of Health and Mental 
Hygiene. Each month in NYC, approximately 180 women are selected by 
stratified random sample without replacement, drawn from a frame of 
eligible birth certificates of live birth infants delivered in the previous 
2–4 months. Data from PRAMS survey were linked to selected maternal 
and infant birth certificate items for a final dataset with a weighted 
response rate of >65% (https://www1.nyc.gov/assets/doh/downloads 
/pdf/ms/PRAMSintro.pdf). 

2.1. Measurement 

Outcome variable: GDM modeled as a dichotomous (yes/no) vari-
able was deemed present if reported on either the PRAMS survey or birth 
certificate. Based on research demonstrating that accurate identification 
of GDM can be ascertained from self-report on PRAMS, and that the 
preferred method to determine GDM is to combine PRAMS and birth 
certificate reports (Hosler et al., 2009), we measure GDM based on 
report from PRAMS or from the birth certificate. Agreement between 
these sources was 0.91 with a prevalence and bias-adjusted kappa of .82, 
which is considered strong agreement. 

Predictor variable: For the purpose of brevity, we use the term racial 
discrimination to refer to the variable that was measured dichotomously 
with the PRAMS question: “During the 12 months before your new baby 
was born, did you feel emotionally upset (for example, angry, sad, or 
frustrated) as a result of how you were treated based on your race?” 

Race, Ethnicity and Nativity: Maternal race, ethnicity and nativity 
were determined from the infant birth certificate and categorized as US 
and foreign-born non-Hispanic White, non-Hispanic Black, Hispanic/ 
Latina and Asian/PI/Other (Almeida et al., 2013). Due to low numbers, 
Asian/PI and Other racial/ethnic groups were combined. 

Covariates: Maternal sociodemographic, medical and behavioral 
covariates came from the birth certificate and PRAMS survey with se-
lection based on documented associations with discrimination and GDM 
(Hosler et al., 2011; Silviera et al., 2014; Wagner et al., 2013; Wilson 
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et al., 2015). Covariates from the birth certificate included education 
(<high school; high school/GED; some college+), marital status (mar-
ried/partner; other), employment (yes/no), health insurance (Medicaid; 
self/private pay; no insurance), prenatal care beginning in first trimester 
(Y/N), previous preterm birth (Y/N). Variables grouped according to 
known thresholds for GDM included age (<25; 25–34; 35+ years) and 

pre-pregnancy BMI (underweight <18.5kg/m2, normal weight 
18.5–24.9 kg/m2, overweight 25.0–29.9 kg/m2, and obese ≥30.0 
kg/m2). Covariates from PRAMS included dichotomous (Y/N) measures 
of pregnancy intention, previous live birth, hypertension in pregnancy, 
participation in the Special Supplemental Nutrition Program for 
Women, Infants, and Children (WIC), exposure to alcohol and tobacco in 

Table 1 
Descriptive statistics of sample by race/ethnicity and nativity status, (n = 4084) New York City PRAMS 2012–2014.   

Total  
US-Born n = 1943 (47.6%) P 

value* 
Foreign-Born n = 2141 (52.4%) P 

value* 
P value* 

N =
325,542 

White Black Hispanic Asian/PI/ 
Other 

White Black Hispanic Asian/PI/ 
Other 

n = 4084 n =
846 

n =
481 

n = 510 n = 106 n =
345 

n =
380 

n = 819 n = 597 (US vs. 
FB) 

100% 20.7% 11.8% 12.5% 2.6% 8.5% 9.3% 20.1% 14.2% 

Sociodemographic Characteristics 
Maternal age (years)            <0.001 
<25 22.3 16.3 38.7 43.2 20.7 <0.001 8.7 15.5 24.1 13.9 <0.001  
25-34 54.1 53.4 48.3 42.6 51.8  61.1 54.9) 54.4) 63.9   
35+ 23.5 30.4 13.0 14.3 27.5  30.2 29.6 21.5 22.2   

Education            <0.001 
<High school 18.8 6.2 22.0 21.2 5.8 <0.001 6.1 11.2 37.0 24.2 <0.001  
Completed high school 
or GED 

22.1 20.9 25.6 22.4 6.6  11.7 34.2 25.6 19.0   

4-year degree or more 59.1 72.9 52.4 56.4 87.6  82.2 54.6 37.5 56.7   
Percent Federal Poverty 

Level            
<0.001 

<100% 56.3 27.1 69.8 66.9 18.1 <0.001 36.6 80.7 78.4 63.6 <0.001  
101%–200% 11.6 8.6 14.8 10.8 11.7  14.5 11.1 10.5 14.2   
>201% 32.1 64.3 15.4 22.3 70.3  48.8 8.2 11.2 22.2   

Marital status            NS 
Married 59.2 90.2 24.5 28.2 76.7 <0.001 83.5 45.5 36.6 81.4 <0.001  
Other 40.8 9.8 75.5 71.8 23.3  16.5 54.5 63.5 18.6   

Health insurance 
coverage            

<0.001 

Medicaid 57.6 29.9 65.5 67.0 21.5 <0.001 40.1 70.5 82.1 63.6 <0.001  
Private insurance/self- 
pay 

40.9 69.0 32.3 31.2 77.4  58.4 28.4 16.4 34.5   

No insurance 1.6 1.1 2.3 1.9 1.1  1.5 1.2 1.5 1.9   
Participation in WIC            <0.001 

Yes 51.5 25.4 64.0 58.9 23.8 <0.001 25.4 70.7 74.3 56.8 <0.001  
Pregnancy intention            NS 

Yes 57.2 75.6 28.1 44.4 65.4 <0.001 73.6 45.2 51.6 62.1 <0.001  
Medical risk factors             
Gestational Diabetes 

(GDM)            
<0.001 

Yes 12.3 5.7 8.7 13.0 7.5 <0.001 6.1 15.4 13.4 26 <0.001  
Previous live birth            <0.001 

Yes 53.4 55.2 46.8 48.2 29.3 <0.001 58.4 62.7 62.6 43.2 <0.001  
Prenatal care initiation            NS 

Yes 84.5 88.1 80.2 84.6 91.8 <0.01 91.3 77.2 84.1 80.1 <0.001  
Previous preterm birth            NS 

Yes 2.5 3.1 3.3 1.8 1.4 NS 3.0 2.1 2.7 1.4 NS  
Hypertension during 

pregnancy            
<0.05 

Yes 3.7 3.7 7.1 4.2 2.9 NS 1.4 7.0 3.3 1.2 <0.001  
Maternal BMI            <0.05 

Underweight (<18.5 
kg/m2) 

6.0 4.7 5.9 2.6 10.8 <0.001 10.6 3.1 2.1 14.2 <0.001  

Normal (18.5–24.9 kg/ 
m2) 

55.1 71.2 35.0 42.6 61.5  67.9 37.0 46.2 68   

Overweight (25.0–29.9 
kg/m2) 

23.4 17.0 27.7 32.4 22.1  14.9 31.8 31.4 13.3   

Obese (≥30.0 kg/m2) 15.5 7.1 31.5 22.5 5.6  6.7 28.2 20.4 4.5   
Behavioral risk factors 
Alcohol use last 3 mos 

pregnancy            
<0.001 

Yes 10.3 19.6 5.7 6.0 20.9 <0.001 15.7 5.7 8.1 3.1 <0.001  
Tobacco use last 3 mos 

pregnancy            
<0.05 

Yes 1.9 1.4 5.0 2.8 1.3 <0.01 2.7 0.6 1.1 1.0 NS  
Discrimination            <0.001 

Yes 9.5 1.8 19.3 10.4 5.7 <0.001 6.6 14.5 11.7 10.3 p <
0.05  

*p-value results for Chi-Square test of independence. 
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the last 3 months of pregnancy. Percent of federal poverty level was 
based on guidelines from US Census data (<100%, 101–200%, and 
>201%). 

2.2. Data analysis 

We used StataCorp (2017) to perform all analyses on PRAMS data 
linked with certain birth certificate variables for an original sample size 
of 4256 women. Analyses included cases with no missing values and 
excluded women with a pre-pregnancy diagnosis of diabetes (n = 118), 
pre-pregnancy height/weight on PRAMS or birth certificate (n = 59) and 
race/ethnicity or nativity (n = 8) for a final sample of N = 4084. To 
account for the complex survey design, we used survey (svy) commands 
to adjust for weighted stratified sampling, non-coverage and nonre-
sponse components (https://www.cdc.gov/prams/methodology.htm). 
We used the χ2 test of independence to examine whether covariates 
(Table 1), and discrimination (Table 2), differed across racial/ethnic and 
nativity groups. In Table 3, relative risk ratios (RR) and their 95% 
confidence intervals were used to estimate the risk of experiencing 
discrimination across race/ethnicity and nativity and all covariates. We 
also modeled race/ethnicity separately from nativity, as well as their 
interaction. In Table 4, we fit logistic regression models to estimate RR 
and their 95% confidence intervals for racial/ethnic and nativity dif-
ferences in GDM, and the contribution of discrimination to these dif-
ferences. Model 1 estimated the age adjusted risk ratios and their 95% 
confidence intervals of GDM across race/ethnicity and nativity. Model 2 
estimated the age adjusted RR of GDM associated with discrimination. 
Model 3 added race/ethnicity and nativity to Model 2, which allowed for 
an examination of the impact of discrimination on RR of GDM associated 
with race/ethnicity and nativity. Model 4 added pre-pregnancy BMI to 
the previous model to examine how discrimination is affected by BMI 
adjustment. Model 5 includes all covariates for a fully adjusted estimate 
of the risk of GDM. Additionally, we examined race/ethnicity, nativity, 
and their interaction separately to determine how discrimination 
affected risk of GDM by race/ethnicity and by nativity, and whether 
racial/ethnic inequalities in GDM and discrimination differed by 
nativity. 

3. Results 

Table 1 shows significant differences in maternal covariates across 
race/ethnicity and nativity. Rates of missingness varied from 18% (in-
come) to 0%. The weighted sample had an overall GDM prevalence of 
12.3% (95% CI [11.1, 13.5]) with variation across race/ethnicity and 
nativity. GDM was highest among foreign-born Asian/PI/Other (26.0%, 
95% CI [22.1, 30.4]), foreign-born Black (15.4%, 95% CI [11.4, 20.5]), 
and foreign-born Hispanic women (13.4%, 95% CI [10.9, 16.4]) as well 
as US-born Hispanic women (13.0%, 95% CI [9.8, 17.0), and lowest 
among US (5.7%, 95% CI [4.1, 7.8]) and foreign-born (6.1%, 95% CI 
[3.9, 9.4]) White women. Examining nativity separately from race/ 
ethnicity suggests that the overall prevalence of GDM was significantly 
higher for foreign-born (15.9%, 95% CI [14.1, 17.8]) compared to US- 
born women (8.3%, 95% CI [6.9, 9.8]). US and foreign-born White 
women were more socioeconomically advantaged and had the lowest 
rates of overweight/obesity. 

Table 1 shows that the prevalence of racial discrimination was higher 
for US-born (19.3%, 95% CI [15.0, 24.4]) and foreign-born Black 
women (14.5%, 95% CI [10.6, 19.5]), US-born (10.4%, 95% CI [7.7, 
14.0]) and foreign-born Hispanic women (11.7%, 95% CI [9.3, 14.6]) 
and foreign-born Asian/PI/Other women (10.3%, 95% CI [7.7, 13.6]), 
compared to US-born (1.8%, 95% CI [1.1, 3.1]) and foreign-born White 
women (6.6%, 95% CI [4.2, 10.3]). 

Table 2 shows a statistically significant difference in GDM associated 
with discrimination, as 13.7% (95% CI [10.5, 17.6]) of women with 
GDM reported racial discrimination, compared with 8.9% (95% CI [7.9, 
10.1]) of women without GDM. Younger, less educated, unmarried, 

Table 2 
Maternal sociodemographic, medical and behavioral characteristics by 
discrimination category.  

Characteristic Total Discrimination p-value 

N (%) Yes No 

n ¼ 4004 
(100%) 

415 
(9.5%) 

3589 
(90.5%) 

Race/Ethnicity and Nativity 
US-born women n ¼ 1904 

(47.2%)   
<0.001 

Non-Hispanic White (US- 
born) 

830 (22.4%) 18(1.8%) 812 
(98.2%)  

Non-Hispanic Black (US- 
born) 

466 (10.2%) 86 
(19.3%) 

380 
(80.8%)  

Hispanic/Latina (US- 
born)) 

504 (12.0%) 58 
(10.4%) 

446 
(89.6%)  

Asian/PI/Other (US- 
born) 

104 (1.6%) 7(5.7%) 97(94.3%)  

Foreign-born women n ¼ 2100 
(52.8%)   

NS 

Non-Hispanic White 
(foreign-born) 

336 (9.7%) 22(6.6%) 314 
(93.4%)  

Non-Hispanic Black 
(foreign-born) 

372 (8.4%) 59 
(14.5%) 

313 
(85.5%)  

Hispanic/Latina (foreign- 
born) 

808 (20.2%) 106 
(11.7%) 

702 
(88.3%)  

Asian/PI/Other (foreign- 
born) 

584 (14.0%) 59 
(10.3%) 

525 
(89.7%)  

Nativity Status    <0.01 
US-born women  169 

(8.0%) 
1735 
(92%)  

Foreign-born women  246 
(10.8%) 

1854 
(89.2%)  

Sociodemographic characteristics 
Maternal Age (years)    <0.001 
<25 873 (22.3%) 124 

(14.2%) 
749 
(85.8%)  

25–34 2123 (54.2%) 208 
(8.7%) 

1915 
(91.4%)  

35+ 1008 (23.6%) 83 (6.9%) 925 
(93.1%)  

Education    <0.001 
<High School 773 (18.6%) 116 

(13.4%) 
657 
(86.6%)  

Completed HS/GED 874 (22.3%) 106 
(11.0%) 

768 
(89.0%)  

College or more 2353 (59.1%) 192 
(7.6%) 

2161 
(92.4%)  

Marital Status    <0.001 
Married/Partner 2332 (59.7%) 161 

(6.4%) 
2171 
(93.6%)  

Other 1672 (40.3%) 254 
(13.9%) 

1418 
(86.1%)  

Maternal Employment    <0.001 
Employed 2123(53.4%) 158 

(6.6%) 
1965 
(93.4%)  

Not employed 1876 (46.6%) 256 
(12.7%) 

1620 
(87.3%)  

Percent Federal Poverty 
Level    

<0.001 

<100% 1848 (56.4%) 253 
(12.3%) 

1595 
(87.7%)  

101%–200% 389 (11.6%) 39 
(11.7%) 

350 
(88.3%)  

>201% 1050 (32.0%) 44 (3.4%) 1006 
(96.6%)  

Health Insurance 
coverage    

<0.001 

Medicaid 2274 (57.5%) 301 
(12.1%) 

1973 
(87.9%)  

Private insurance/self- 
pay 

1650 (41.0%) 102 
(5.6%) 

1548 
(94.4%)  

No insurance 73 (1.6%) 11 
(14.1%) 

62 (85.9%)  

Participation in WIC    <0.001 
Yes 2025(51.4%)  

(continued on next page) 
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unemployed, low income, and uninsured women, or those using 
Medicaid reported more discrimination. 

After adjusting for maternal covariates in Table 3, US-born Black 
women had 5 times the risk (RR = 5.01, 95% CI [2.37, 10.61]) and US- 
born Hispanic women had 3-times the risk (RR = 3.07, 95% CI [1.47, 
6.45]) of discrimination relative to US-born White women. The risk of 
discrimination for US-born Asian/PI/Other women was not significantly 
higher than US-born White women. Foreign-born White (RR = 2.85, 
95% CI [1.29, 6.34]) Black (RR = 3.31, 95% CI [1.49, 7.37]), Hispanic 
(RR = 3.34, 95% CI [1.63, 6.84]) and Asian/PI/Other (RR = 3.44, 95% 
CI [1.66, 7.16]) women all had a significantly higher risk of reporting 
discrimination compared to US-born White women. 

Black women had a 5-fold (RR = 5.01, 95% CI [2.37, 10.61]) and 
Hispanic women had a 3-fold (RR = 3.07, 95% CI [1.47, 6.45]) risk of 
racial discrimination compared to White women. Foreign-born women 
had almost a 3-fold (RR = 2.85, 95% CI [1.29, 6.34]) risk of discrimi-
nation compared to US-born women. While Black and Hispanic women 

Table 2 (continued ) 

Characteristic Total Discrimination p-value 

N (%) Yes No 

n ¼ 4004 
(100%) 

415 
(9.5%) 

3589 
(90.5%) 

276 
(12.6%) 

1749 
(87.4%) 

No 1934 (48.6%) 135 
(6.3%) 

1799 
(93.7%)  

Medical Risk Factors 
Pregnancy Intended    <0.001 
Yes 2189 (57.3%) 170 

(7.6%) 
2019 
(92.4%)  

No 1670 (42.7%) 222 
(11.5%) 

1448 
(88.6%)  

Prenatal Care first 
trimester    

NS 

Yes 3262 (84.6%) 310 
(8.8%) 

2952 
(91.2%)  

No 574 (15.4%) 79 
(11.6%) 

495 
(88.4%)  

Previous Live Birth    NS 
Yes 2009 (53.6%) 203 

(8.4%) 
1806 
(91.6%)  

No 1890 (46.4%) 196 
(10.4%) 

1694 
(89.6%)  

Previous Preterm Birth    NS 
Yes 158 (2.5%) 19 

(10.2%) 
139 
(89.8%)  

No 3478 (97.5%) 353 
(9.5%) 

3125 
(90.5%)  

Hypertension    NS 
Yes 236 (3.7%) 22 (5.4%) 214 

(94.6%)  
No 3759 (96.3%) 390 

(9.6%) 
3369 
(90.4%)  

Maternal BMI    <0.01 
Underweight (<18.5 kg/ 

m2) 
266 (6.1%) 24 (9.0%) 242 

(91.0%)  
Normal weight 

(18.5–24.9 kg/m2) 
2169 (55.2%) 195 

(8.2%) 
1974 
(91.8%)  

Overweight (25.0–29.9 
kg/m2) 

912 (23.4%) 98 (9.6%) 814 
(90.5%)  

Obese (>30.0 kg/m2) 657 (15.3%) 98 
(14.4%) 

559 
(85.6%)  

Gestational Diabetes    <0.01 
Yes 523 (12.3%) 78 

(13.7%) 
445 
(86.3%)  

No 3481 (87.7%) 337 
(8.9%) 

3144 
(91.1%)  

Behavioral Risk Factors 
Tobacco Use    NS 
Yes 87 (1.8%) 16 

(13.6%) 
71 (86.4%)  

No 3893 (98.2%) 396 
(9.4%) 

3497 
(90.6%)  

Alcohol Use    NS 
Yes 381 (10.3%) 29 (6.9%) 352 

(93.1%)  
No 3584 (89.7%) 377 

(9.6%) 
3207 
(90.4%)   

Table 3 
Relative risk of discrimination by maternal sociodemographic characteristics.   

Discrimination 

Unadjusted RR (95% 
CI) 

Adjusted RR (95% 
CI)a 

N = 4004 N = 2698 

Race/Ethnicity/Nativity 
Non-Hispanic White (US-born) 1.00 1.00 
Non-Hispanic White (foreign-born) 3.66 (1.81, 7.40)*** 2.85 (1.29, 6.34)* 
Non-Hispanic Black (US-born) 10.61 (5.85, 19.23) 

*** 
5.01 (2.37, 10.61) 
*** 

Non-Hispanic Black (foreign-born) 7.99 (4.29, 14.90)*** 3.31 (1.49, 7.37)** 
Hispanic/Latina (US-born) 5.75 (3.09, 10.70)*** 3.07 (1.47, 6.45)** 
Hispanic/Latina (foreign-born) 6.45 (3.59, 11.59)*** 3.34 (1.63, 6.84)** 
Asian/PI/Other (US-born) 3.15 (1.16, 8.60)* 0.90 (0.14, 5.65) 
Asian/PI/Other (foreign-born) 5.68 (3.08, 10.47)*** 3.44 (1.66, 7.16)** 
Maternal Age (years) 
18-24 (ref.)  1.00 
25–34  0.86 (0.60, 1.24) 
35+ 0.96 (0.61, 1.54) 
Education 
<High School  0.86 (0.55, 1.33) 
Completed HS/GED (ref.)  1.00 
College or more  1.01 (0.69, 1.46) 
Percent Federal Poverty Level 
<100%  1.43 (0.79, 2.57) 
101%–200%  1.92 (1.12, 3.30)* 
>201% (ref.)  1.00 
Health Insurance coverage 
Medicaid  1.13 (0.73, 1.76) 
Private insurance/self-pay (ref.)  1.00 
No insurance  1.50 (0.52, 4.29) 
Married/Partner (ref.)  0.83 (0.59, 1.16) 
Employed (ref.)  0.68 (0.50, 0.91)* 
Participation in WIC (ref.)  1.21 (0.82, 1.78) 
Medical Risk Factors 
Intended pregnancy (ref.)  1.05 (0.78, 1.41) 
PNC first trimester (ref.)  0.96 (0.65, 1.41) 
Previous live birth (ref.)  0.84 (0.61, 1.16) 
Previous preterm birth (ref.)  0.52 (0.19, 1.43) 
Hypertension (ref.)  0.46 (0.19, 1.07) 
Maternal BMI 
Underweight (<18.5 kg/m2)  1.07 (0.58, 1.97) 
Normal weight (18.5–24.9 kg/m2) 

(ref.)  
1.00 

Overweight (25.0–29.9 kg/m2)  0.94 (0.65, 1.38) 
Obese (>30.0 kg/m2)  1.46 (1.01, 2.13)* 
Behavioral Risk Factors 
Tobacco Use (ref.)  0.93 (0.37, 2.33) 
Alcohol Use (ref.)  0.81 (0.43, 1.52) 

Main Effectsb 

Race-Ethnicity 
White (ref.)  1.00 
Non-Hispanic Black  5.01 (2.37, 10.61) 

*** 
Hispanic/Latina  3.07 (1.47, 6.45)** 
Asian/PI/Other Race/ethnicity  0.90 (0.14, 5.65) 
Nativity 
US-born (ref.)  1.00 
Foreign-born  2.85 (1.29, 6.34)** 
Interaction Effectsb 

Foreign-born x Non-Hispanic Black  0.23 (0.08, 0.64)** 
Foreign-born x Hispanic Latina  0.38 (0.15, 0.97)* 
Foreign-born x Asian/PI/Other  1.34 (0.19, 9.54) 

*p < 0.05, **p < 0.01, ***p < 0.001. 
a adjusted for race/ethnicity/nativity and maternal sociodemographic, med-

ical and behavioral covariates. 
b adjusted for maternal sociodemographic, medical and behavioral covariates. 
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are at increased risk of discrimination compared to White women, and 
foreign-born women are at increased risk of discrimination compared to 
US-born women, foreign-born Black (RR = 0.23, 95% CI [0.08, 0.64]) 
and Hispanic women (RR = 0.38, 95% CI [0.15, 0.97]) had a lower risk 
of discrimination compared to their US-born counterparts. 

3.1. Multivariable analyses: GDM and racial discrimination 

Discrimination was associated with a 57% increased risk of GDM in 
the crude model (RR = 1.57, 95% CI [1.19, 2.06]). Adjusting for pre- 
pregnancy BMI, age and race/ethnicity and nativity (Model 4) attenu-
ated the association to a 30% increased risk (RR = 1.30, 95% CI [1.00, 
1.70]). Once all covariates were added to Model 5, discrimination was 
associated with a 24% increased risk of GDM (RR = 1.24, 95% CI [0.87, 
1.78]), but was no longer statistically significant. Adding income in the 
final model resulted in a reduction in the number of observations, so we 
ran a sensitivity analysis without income in the fully adjusted model, 
and found that discrimination was associated with a 36% increased risk 
of GDM (RR = 1.36, 95% CI [1.00, 1.83]). We also tested whether the 
findings would be robust if alternative missing data strategies were 
employed (i.e. listwise deletion and dummy variable coding for missing 
income data) (Cohen & Cohen, 1985), and found that in fact the findings 
remained intact. 

Model 1 of Table 4 shows the unadjusted association between race/ 
ethnicity and nativity and risk of GDM. US-born Black (RR = 1.67, 95% 
CI [1.04, 2.69]) and US-born Hispanic (RR = 2.50, 95% CI [1.64, 3.82]) 
women had a higher risk of GDM compared to US-born White women. 
Foreign-born Black (RR = 2.71, 95% CI [1.76, 4.15]), Hispanic (RR =
2.44, 95% CI [1.68, 3.55]), and Asian/PI/Other (RR = 4.61, 95% CI 
[3.25, 6.55]) women also had significantly higher risk of GDM relative 
to US-born White women. When discrimination was added in Model 3, 
the risk of GDM for US-born Black women was no longer significantly 
higher than US-born White women. Adding discrimination did not result 
in a significant change in GDM for any other racial/ethnic or nativity 

Table 4 
Relative risk of GDM among mothers in NYC pregnancy risk assessment moni-
toring system, 2012–2014   

Model 1a Model 2b Model 3c Model 4d Model 5e, 

f 

RR (95% 
CI) 

RR (95% 
CI) 

RR (95% 
CI) 

RR (95% 
CI) 

RR (95% 
CI) 

n = 4084 n = 4004 n = 4004 n = 4004 n = 2698 

N =
325,542 

N =
319,384 

N =
319,384 

N =
319,384 

N =
212,530 

Race/ethnicity/nativity status 
Non-Hispanic 

White (US- 
born) 

1.00  1.00 1.00 1.00 

Non-Hispanic 
White (foreign- 
born) 

1.06 
(0.62, 
1.81)  

1.03 
(0.59, 
1.78) 

1.04 
(0.60, 
1.79) 

1.20 
(0.63, 
2.29) 

Non-Hispanic 
Black (US- 
born) 

1.67 
(1.04, 
2.69)*  

1.58 
(0.97, 
2.60) 

1.20 
(0.73, 
2.00) 

1.29 
(0.67, 
2.50) 

Non-Hispanic 
Black (foreign- 
born) 

2.71 
(1.76, 
4.15)***  

2.69 
(1.74, 
4.15)*** 

2.12 
(1.36, 
3.29)*** 

1.71 
(0.95, 
3.08) 

Hispanic/Latina 
(US-born) 

2.50 
(1.64, 
3.82)***  

2.45 
(1.59, 
3.77)*** 

1.99 
(1.98, 
3.08)** 

1.93 
(1.09, 
3.40)* 

Hispanic/Latina 
(foreign-born) 

2.44 
(1.68, 
3.55)***  

2.37 
(1.62, 
3.47)*** 

1.98 
(1.35, 
2.93)*** 

1.62 
(0.95, 
2.77) 

Asian/PI/Other 
(US-born) 

1.32 
(0.61, 
2.87)  

1.36 
(0.62, 
2.95) 

1.34 
(0.62, 
2.91) 

1.61 
(0.66, 
3.93) 

Asian/PI/Other 
(foreign-born) 

4.61 
(3.25, 
6.55)***  

4.56 
(3.19, 
6.52)*** 

4.65 
(3.26, 
6.64)*** 

3.31 
(2.05, 
5.37)*** 

Maternal Age (years) 
18-24 (ref.) 1.00 1.00 1.00 1.00 1.00 
25–34 1.28 

(0.96, 
1.69) 

1.34 
(1.02, 
1.77)* 

1.29 
(0.97, 
1.71) 

1.25 
(0.95, 
1.64) 

1.49 
(1.01, 
2.19)* 

35+ 1.56 
(1.14, 
2.11)** 

1.51 
(1.12, 
2.04)** 

1.55 
(1.14, 
2.11)** 

1.47 
(1.08, 
1.99)* 

2.10 
(1.35, 
3.26)*** 

Racial/Ethnic Discrimination 
Experienced 

Racial/Ethnic 
Discrimination  

1.57 
(1.19, 
2.06)*** 

1.35 
(1.03, 
1.77)* 

1.30 
(1.00, 
1.70)* 

1.24 
(0.87, 
1.78) 

Maternal BMI 
Underweight 

(<18.5 kg/m2)    
1.12 
(0.75, 
1.69) 

1.13 
(0.69, 
1.84) 

Normal weight 
(18.5–24.9 kg/ 
m2) (ref.)    

1.00 1.00 

Overweight 
(25.0–29.9 kg/ 
m2)    

1.53 
(1.20, 
1.94)*** 

1.35 
(0.98, 
1.87) 

Obese (>30.0 
kg/m2)    

2.14 
(1.68, 
2.74)*** 

1.85 
(1.33, 
2.58)*** 

Main Effects 
Race-Ethnicity 
White (ref.) 1.00  1.00 1.00 1.00 
Non-Hispanic 

Black 
1.67 
(1.04, 
2.69)*  

1.58 
(0.97, 
2.60) 

1.20 
(0.73, 
2.00) 

1.29 
(0.67, 
2.50) 

Hispanic/Latina 2.50 
(1.64, 
3.82)***  

2.45 
(1.59, 
3.77)*** 

1.99 
(1.29, 
3.08)** 

1.93 
(1.09, 
3.40)* 

Asian/PI/Other 
Race/ethnicity 

1.32 
(0.61, 
2.87)  

1.36 
(0.62, 
2.95) 

1.34 
(0.62, 
2.91) 

1.61 
(0.66, 
3.93) 

Nativity 
US-born (ref.) 1.00  1.00 1.00 1.00 
Foreign-born   

Table 4 (continued )  

Model 1a Model 2b Model 3c Model 4d Model 5e, 

f 

RR (95% 
CI) 

RR (95% 
CI) 

RR (95% 
CI) 

RR (95% 
CI) 

RR (95% 
CI) 

n = 4084 n = 4004 n = 4004 n = 4004 n = 2698 

N =
325,542 

N =
319,384 

N =
319,384 

N =
319,384 

N =
212,530 

1.06 
(0.62, 
1.81) 

1.03 
(0.59, 
1.78) 

1.04 
(0.60, 
1.80) 

1.20 
(0.63, 
2.29) 

Interaction Effects 
Foreign-born x 

Non-Hispanic 
White 

1.00  1.00 1.00 1.00 

Foreign-born x 
Non-Hispanic 
Black 

1.53 
(0.75, 
3.11)  

1.65 
(0.80, 
3.40) 

1.69 
(0.82, 
3.48) 

1.11 
(0.46, 
2.65) 

Foreign-born x 
Hispanic 
Latina 

0.92 
(0.49, 
1.75)  

0.94 
(0.49, 
1.81) 

0.96 
(0.50, 
1.84) 

0.70 
(0.32, 
1.53) 

Foreign-born x 
Asian/PI/ 
Other 

3.29 
(1.33, 
8.13)*  

3.27 
(1.31, 
8.14)* 

3.34 
(1.35, 
8.31)** 

1.72 
(0.60, 
4.91) 

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 
a Adjusted for age and race/ethnicity/nativity. 
b Adjusted for age and discrimination. 
c Adjusted for age, discrimination and race/ethnicity/nativity. 
d Adjusted for age, discrimination, race/ethnicity/nativity and BMI. 
e Adjusted for age, discrimination, race/ethnicity/nativity, BMI and maternal 

sociodemographic, medical and behavioral covariates. 
f Goodness of fit: pseudo-R2 (based on a logistic regression without survey 

weights) = .074. 
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group relative to the referent group. 
After adjusting for pre-pregnancy BMI in Model 4, risk of GDM was 

attenuated but remained double for foreign-born Black (RR = 2.12, 95% 
CI [1.36, 3.29]), and US (RR = 1.99, 95% CI [1.98, 3.08]) and foreign- 
born (RR = 1.98, 95% CI [1.35, 2.93]) Hispanic women compared to US- 
born White women. Foreign-born Asian/PI/Other women had over 4.5- 
times the risk of GDM (RR = 4.65, 95% CI [3.26, 6.64]) compared to US- 
born White women. After adjusting for all covariates in Model 5, risk of 
GDM remained almost twice as high among US-born Hispanic women 
(RR = 1.93, 95%CI [1.09, 3.40]), while foreign-born Asian/PI/Other 
women had over 3-times the risk (RR = 3.31, 95% CI [2.05, 5.37]) 
compared to US-born White women. 

Main effect estimates of GDM by race/ethnicity indicate that Black 
(RR = 1.67, 95% CI [1.04, 2.69]) and Hispanic (RR = 2.50, 95% CI 
[1.64, 3.82]) women had increased risk of GDM compared to White 
women. Once we controlled for discrimination, the risk of GDM for 
Black women was no longer significantly higher compared to White 
women, but did not change for Hispanic women. After fully adjusting for 
covariates, risk of GDM remained almost double for Hispanic women 
(RR = 1.93, 95% CI [1.09, 3.40]) compared to White women. Main ef-
fect results for nativity indicate that foreign-born women did not have a 
significantly increased risk of GDM compared to US-born women. 
However, there was a significant interaction between race and nativity 
for foreign-born Asian/PI/Other women who had over 3-times the risk 
of GDM (RR = 3.29, 95% CI [1.33, 8.13]) compared to US-born Asian/PI 
women. Once all covariates were included, this interaction disappeared. 

4. Discussion 

This study found significant differences in experiences of racial 
discrimination across race/ethnicity and nativity status among pregnant 
women; racial/ethnic minorities and foreign-born women reported 
more discrimination, and racial/ethnic differences in discrimination 
were modified by nativity. We also found a positive association between 
racial discrimination and GDM; a finding that adds to a growing body of 
literature on the noxious impact of racial discrimination on reproductive 
health (Alhusen et al., 2016). 

The first aim of our study was to examine the distribution of racial 
discrimination experiences 12 months before giving birth across race/ 
ethnicity and nativity. We found that 9.5% of the overall sample re-
ported discrimination, with wide variation across race/ethnicity and 
nativity. Our finding that 17% of Black women reported discrimination 
is similar to results from Bower et al. (2018) who used 2004–2012 
PRAMS data, and reported that 14% of Black women felt upset by ex-
periences of racial discrimination. These findings should be regarded 
with caution to avoid minimizing the prevalence of racial discrimina-
tion, as studies have found between 44% (Lee et al., 2019) and 78% 
(Ertel et al., 2012) of participants reporting lifetime experiences 
(compared to 12-month prevalence) of discrimination. Conclusions 
drawn from our results should reflect an understanding of differences in 
measurement such as timing, frequency, and experiences vs. perceptions 
of discrimination, as well as feelings due to experiences of discrimina-
tion. This highlights the scrutiny required when making comparisons 
across studies with different measurements of discrimination, and the 
need for more research examining the best ways to measure this com-
plex construct. 

Our finding that racial/ethnic minority and foreign-born women 
report more discrimination compared to US-born White women is 
consistent with other studies (Almeida et al., 2016; Perry et al., 2013). 
While we documented that Black and Hispanic women have a 5- and 
3-fold risk of discrimination, respectively, compared to White women, 
and that foreign-born women had almost a 3-fold risk compared to 
US-born women, these were qualified by statistical interactions sug-
gesting that being foreign-born may be protective for Black and Hispanic 
women relative to their US-born counterparts. Our results, which move 
beyond Black-White comparisons, are consistent with Krieger et al.’s 

(2011) findings that US-born Black participants reported higher rates of 
discrimination compared to their foreign-born counterparts. Addition-
ally, other research has found that US-born Hispanics report more 
discrimination than their foreign-born counterparts, possibly due to 
better English proficiency and greater exposure to discrimination in 
residential and occupational settings (Almeida et al., 2016; Perez et al., 
2008). Taken together, our findings add to research indicating that 
racial discrimination is higher among racial/ethnic minority and 
foreign-born women compared to US-born White women, but highlights 
the importance of examining how differences in discrimination are 
modified by nativity, as some aspect of being foreign-born may be 
protective of discrimination for certain foreign-born groups. 

We also found that racial discrimination was associated with a higher 
risk of GDM relative to women who did not report discrimination, which 
is consistent with many studies that have found relationships between 
discrimination and adverse pregnancy outcomes (Alhusen et al., 2016), 
including GDM (MacGregor et al., 2020). After controlling for all 
covariates, the association between discrimination and GDM lost sta-
tistical significance. Including income in the final model did not sub-
stantively change the effect size but resulted in many observations being 
lost. Conducting a sensitivity analysis omitting income indicated a sta-
tistically significant increased risk of GDM. Although the cross-sectional 
nature of the data make it difficult to distinguish temporal ordering, the 
effect of income on the association between discrimination and GDM 
points to the need for an intersectional lens, in which discrimination is 
considered in the context of poverty. Perry et al. (2013) found signifi-
cant associations of racial and gender discrimination with increased 
financial and employment problems among African American women. 
Limited socioeconomic attainment is a proposed pathway by which 
racism affects health, as racial/ethnic minorities face barriers due to 
discrimination that shape inequalities in SES, which in turn create 
conditions that harm health due to decreased access to employment, 
education and health care (Williams et al., 2019). Thus, it is important to 
examine the unique effect of SES on the associations between racial 
discrimination and health, such as that found in our sensitivity analysis 
demonstrating that income was found to be associated with the rela-
tionship between discrimination and GDM. While this association 
became statistically insignificant once we accounted for income, the 
finding that effect size and direction remain the same, coupled with the 
collinearity between discrimination and income (Williams et al., 2019), 
provides evidence in support of our hypothesis that discrimination is 
associated with a higher risk of GDM, and is an important contribution 
to the discrimination-health literature. Future research should examine 
how discrimination acts on GDM via SES and other pathways, which 
would allow for a more nuanced understanding of the mechanisms that 
contribute to inequalities in GDM. 

Stress is another proposed pathway to adverse health. Sternthal et al. 
(2011) found associations between stressors and poor health, particu-
larly among US-born Black and Hispanic participants, even after con-
trolling for SES. Stress is thought to mediate the association between 
discrimination and health (Cuevas et al., 2013) as experiences of 
discrimination are emotionally distressing and can trigger the stress 
response, and cause wear and tear on bodily systems (Williams & 
Mohammed, 2009). The stress biology pathway is one of the most 
recognized mechanisms between racial discrimination and adverse birth 
outcomes (Alhusen et al., 2016). 

Our final objective was to test the degree to which the association of 
race/ethnicity and nativity with GDM is explained by discrimination. 
Although we found that racial/ethnic minority and foreign-born women 
have significantly higher risk of GDM compared to US-born White 
women, which is consistent with other studies (DeSisto et al., 2014), 
adding discrimination to the model did not change risk for most racia-
l/ethnic and nativity groups. This suggests that racial/ethnic and na-
tivity inequalities in GDM are likely explained by variables other than 
discrimination in the 12 months before delivery. However, adding 
discrimination to the prior age, race/ethnicity and nativity adjusted 

K. Erbetta et al.                                                                                                                                                                                                                                 



SSM - Population Health 19 (2022) 101176

8

model slightly attenuated risk of GDM for US-born Black women 
compared to US-born White women. Studies have found associations 
between discrimination and glucose intolerance, insulin resistance and 
type 2 diabetes (Chambers et al., 2004) among Black women (Wagner 
et al., 2013). There were no significant interactions between nativity 
and racial group, suggesting that nativity differences in GDM are not 
modified by race. 

Pregnancy is a sensitive time in the life course when women deserve 
adequate social and emotional resources. However, our study suggests 
that many pregnant women experience racial discrimination, which can 
harm their reproductive health outcomes (Paradies et al., 2015), 
including metabolic risk factors (Beatty Moody et al., 2018). Our study 
extends prior research by demonstrating that racial discrimination is 
prevalent among a population-based, heterogeneous sample of pregnant 
women in NYC, and supports the notion that discrimination may in part 
explain the elevated risk of GDM among US-born Black women 
compared to US-born White women. Racial discrimination structures 
opportunities and access based on race/ethnicity/nativity at multiple 
levels, which adversely affects health due to barriers in employment, 
education and healthcare (Williams & Mohammed, 2009). While we 
need to further understand the magnitude of impact that discrimination 
has on GDM in order to best allocate resources, this research provides 
additional evidence of the urgency to combat the racialized social 
structures that adversely impact reproductive health (Williams et al., 
2019). 

Our findings should be considered in light of certain limitations. 
First, the question about discrimination asks about experiences in the 12 
months before giving birth, which may pertain to experiences after GDM 
diagnosis. In addition, the recall of discrimination is subject to percep-
tion bias, which reflects how motivated and willing participants are to 
talk about their experiences, and may have depressed the actual rate of 
discrimination. For example, minimization bias is one aspect of 
perception bias where participants may not be willing to report 
discrimination due to denial of the experience having occurred, the 
psychological costs of reporting the experience and ambiguity of 
discriminatory experiences (Lewis et al., 2015). 

Another limitation is that racial discrimination on PRAMS is 
measured with a single question about racial discrimination rather than 
nuanced questions about the situations in which the discrimination 
occurred such as school, work, or community (Krieger, 1999). Although 
the PRAMS question about discrimination experiences specifies a 
time-period of 12-months before birth, it is not possible to disentangle 
health effects in relation to this temporal measure of exposure from 
cumulative effects of exposure across a lifetime. According to a review of 
self-reported racism and health, studies with time-frame exposures that 
are unspecified or a year or less have significantly higher health out-
comes compared to lifetime and 1 to 5-year time-frame exposures, 
possibly because they are the same exposures and/or because it reduces 
recall bias (Paradies, 2006). An important focus for future research on 
the etiology of GDM is to improve the measure of discrimination in a 
way that captures the various types, as well as when and in what context 
it occurs (Almeida et al., 2022). 

5. Conclusions 

The current study extends research on discrimination and health 
inequalities by demonstrating that racial discrimination is common 
among pregnant racial/ethnic minority and foreign-born women in 
NYC, and highlights the importance of examining the interaction be-
tween race/ethnicity and nativity. Our study also demonstrates that 
racial discrimination is associated with GDM, and may be contribute to 
racial/ethnic and nativity inequalities in GDM. Policies and practices 
should address the racial/ethnic and nativity inequities in exposure to 
discrimination, and SES inequalities that contribute to the development 
of disease. All women deserve pregnancies that are free from discrimi-
nation to optimize reproductive health outcomes. 

Funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. We 
acknowledge and appreciate the PRAMS Working Group and the Centers 
for Disease Control and Prevention. 

Availability of data 

N/A. 

Software application 

StataCorp, 2017 

Ethics approval 

Simmons University IRB determined the study qualified for 
exemption. 

Consent to participate 

N/A. 

Consent for publication 

New York City Department of Health and Mental Hygiene who 
provided the data has consented to submitting this manuscript for 
publication. 

Author’s statement 

Kristin Erbetta: Conceptualization, Methodology, Formal Analysis, 
Data Curation, Writing-Original Draft Preparation, Visualization. 

Joanna Almeida: Conceptualization, Methodology, Writing-Review 
and Editing, Visualization. 

Marcus Waldman: Methodology, Formal Analysis, Writing-Review 
and Editing. 

Ethical statement 

1) This material is the authors’ own original work, which has not 
been previously published elsewhere. 

2) The paper is not currently being considered for publication 
elsewhere. 

3) The paper reflects the authors’ own research and analysis in a 
truthful and complete manner. 

4) The paper properly credits the meaningful contributions of co- 
authors and co-researchers. 

5) The results are appropriately placed in the context of prior and 
existing research. 

6) All sources used are properly disclosed (correct citation). Literally 
copying of text must be indicated as such by using quotation marks and 
giving proper reference. 

7) All authors have been personally and actively involved in sub-
stantial work leading to the paper, and will take public responsibility for 
its content. 

Declaration of competing interest 

The authors have no conflicts of interest to declare. 

Data availability 

The data that has been used is confidential. 

K. Erbetta et al.                                                                                                                                                                                                                                 



SSM - Population Health 19 (2022) 101176

9

References 

Abraham, N. G., Brunner, E. J., Eriksson, J. W., & Robertson, R. P. (2007). Psychosocial, 
neuroendocrine, and classical risk factors in Type 2 diabetes (Vol. 1113, pp. 256–275). 
Ann: New York Academy of Sciences. https://doi.org/10.1196/annals.1391.015 

Alhusen, J. L., Bower, K. M., Epstein, E., & Sharps, P. (2016). Racial discrimination and 
adverse birth outcomes: An integrative review. Journal of Midwifery & Women’s 
Health, 61(6), 707–720. https://doi.org/10.1111/jmwh.12490 

Almeida, J., Belanoff, C., & Erbetta, K. F. (2022). The time has come for all states to 
measure racial discrimination: A call to action for the pregnancy risk assessment 
monitoring system (PRAMS). Maternal and Child Health Journal, 26(1), 7–11. https:// 
doi.org/10.1007/s10995-021-03160-0 

Almeida, J., Biello, K. B., Pedraza, F., Wintner, S., & Viruell-Fuentes, E. (2016). The 
association between anti-immigrant policies and perceived discrimination among 
latinos in the US: A multilevel analysis. SSM-population health, 2, 897–903. https:// 
doi.org/10.1016/j.ssmph.2016.11.003 

Almeida, J., Mulready-Ward, C., Bettegowda, V. R., & Ahluwalia, I. B. (2013). Racial/ 
ethnic and nativity differences in birth outcomes among mothers in New York City: 
The role of social ties and social support. Maternal and Child Health Journal, 18(1), 
90–100. https://doi.org/10.1007/s10995-103-1238-5 

American Diabetes Association. (2020). Gestational diabetes and a healthy baby? Yes. 
Retrieved at: https://www.diabetes.org/diabetes/gestational-diabetes. 

Barbour, L. A., McCurdy, C. E., Hernandez, T. L., Kirwan, J. P., Catalano, P. M., & 
Friedman, J. E. (2007). Cellular mechanisms for insulin resistance in normal 
pregnancy and gestational diabetes. Diabetes Care, 30(Supplement 2), S112–S119. 
https://doi.org/10.2337/dc07-s202 

Beatty Moody, D. L., Chang, Y., Brown, C., Bromberger, J. T., & Matthews, K. A. (2018). 
Everyday discrimination and metabolic syndrome incidence in a racially/ethnically 
diverse sample: Study of women’s health across the nation. Psychosomatic Medicine, 
80(1), 114–121. https://doi.org/10.1097/PSY.0000000000000516 

Bower, K. M., Geller, R. J., Perrin, N. A., & Alhusen, J. (2018). Experiences of racism and 
preterm birth: Findings from a pregnancy risk assessment monitoring system, 2004 
through 2012. Women’s Health Issues, 28(6), 495–501. 

Braveman, P. A., Arkin, E., Proctor, D., Kauh, T., & Holm, N. (2022). Systemic and 
structural racism: Definitions, examples, health damages, and approaches to 
dismantling: Study examines definitions, examples, health damages, and dismantling 
systemic and structural racism. Health Affairs, 41(2), 171–178. 

Butler, C., Tull, E. S., Chambers, E. C., & Taylor, J. (2002). Internalized racism, body fat 
distribution, and abnormal fasting glucose among African-Caribbean women in 
Dominica, West Indies. Journal of the National Medical Association, 94(3), 143–148. 

Centers for Disease Control and Prevention. (2017). PRAMS questionnaires. Retrieved on 
May 4, 2017 at: https://www.cdc.gov/prams/questionnaire.htm. 

Chambers, E. C., Tull, E. S., Fraser, H. S., Mutunhu, N. R., Sobers, N., & Niles, E. (2004). 
The relationship of internalized racism to body fat distribution and insulin resistance 
among African adolescent youth. Journal of the National Medical Association, 96(12), 
1594. 

Cohen, J., & Cohen, P. (1985). Applied multiple regression and correlation analysis for the 
behavioral sciences (2nd ed.). Hillsdale, NJ: Erlbaum.  

Cuevas, A. G., Reitzel, L. R., Cao, Y., Nguyen, N., Wetter, D. W., Adams, C. E., … 
McNeill, L. H. (2013). Mediators of discrimination and self-rated health among 
African Americans. American Journal of Health Behavior, 37(6), 745–754. https://doi. 
org/10.5993/AJHB.37.6.3 

DeSisto, C. L., Kim, S. Y., & Sharma, A. J. (2014). Prevalence estimates of gestational 
diabetes mellitus in the United States, pregnancy risk assessment monitoring system 
(PRAMS), 2007–2010. Preventing Chronic Disease, 11, Article 130415. https://doi. 
org/10.5888/pcd11.130415 

Ertel, K. A., James-Todd, T., Kleinman, K., Krieger, N., Gillman, M., Wright, R., & Rich- 
Edwards, J. (2012). Racial discrimination, response to unfair treatment, and 
depressive symptoms among pregnant black and African American women in the 
United States. Annals of Epidemiology, 22(12), 840–846. https://doi.org/10.1016/j. 
annepidem.2012.10.001 

Giscombe, C. L., & Lobel, M. (2005). Explaining disproportionately high rates of adverse 
birth outcomes among African Americans: The impact of stress, racism, and related 
factors in pregnancy. Psychological Bulletin, 131(5), 662–683. https://doi.org/ 
10.1037/0033-2909.131.5.662 

Hosler, A. S., Nayak, S. G., & Radigan, A. M. (2009). Agreement between self-report and 
birth certificate for gestational diabetes mellitus: New York state PRAMS. Maternal 
and Child Health Journal, 14(5), 786–789. https://doi.org/10.1007/s10995-009- 
0529-3 

Hosler, A. S., Nayak, S. G., & Radigan, A. M. (2011). Stressful events, smoking exposure, 
and other maternal risk factors associated with gestational diabetes mellitus. 
Pediatric and Perinatal Epidemiology, 25, 566–574. https://doi.org/10.1111/j.1365- 
3016.2011.01221.x 

Innes, K., Vincent, H. K., & Taylor, A. G. (2007). Chronic stress and insulin resistance- 
related indices of cardiovascular disease risk, Part I: Neurophysiological responses 
and pathological sequelae. Alternative therapies, 13(4), 46–52. 

Kim, S. Y., Sappenfield, W., Sharma, A. J., Wilson, H. G., Bish, C. L., Salihu, H. M., & 
England, L. J. (2013). Racial/ethnic differences in the prevalence of gestational 
diabetes mellitus and maternal overweight and obesity, by Nativity, Florida, 2004- 
2007. Obesity, 21(1), E33–E40. https://doi.org/10.1002/oby.20025 

Krieger, N. (1999). Embodying inequality: A review of concepts, measures, and methods 
for studying health consequences of discrimination. International Journal of Health 
Services, 29(2), 295–352. https://doi.org/10.2190/M11W-VWXE-KQM9-G97Q 

Krieger, N., Kosheleva, A., Waterman, P. D., Chen, J. T., & Koenen, K. (2011). Racial 
discrimination, psychological distress, and self-rated health among US-born and 

foreign-born Black Americans. American Journal of Public Health, 101(9), 1704–1713. 
https://doi.org/10.2105/AJPH.2011.300168 

Larrabee Sonderlund, A., Schoenthaler, A., & Thilsing, T. (2021). The association 
between maternal experiences of interpersonal discrimination and adverse birth 
outcomes: A systematic review of the evidence. International Journal of Environmental 
Research and Public Health, 18(4), 1465. 

Lee, R. T., Perez, A. D., Boykin, C. M., & Mendoza-Denton, R. (2019). On the prevalence 
of racial discrimination in the United States. PLoS One, 14(1), Article e0210698. 

Lewis, T. T., Cogburn, C. D., & Williams, D. R. (2015). Self-reported experiences of 
discrimination and health: Scientific advances, ongoing controversies, and emerging 
issues. Annual Review of Clinical Psychology, 11, 407–440. https://doi.org/10.1146/ 
annurev-clinpsy-032814-112728 

MacGregor, C., Freedman, A., Keenan-Devlin, L., Grobman, W., Wadhwa, P., 
Simhan, H. N., … Borders, A. (2020). Maternal perceived discrimination and 
association with gestational diabetes. American journal of obstetrics & gynecology 
MFM, 2(4), Article 100222. 

McEwen, B. S. (1998). Protective and damaging effects of stress mediators. New England 
Journal of Medicine, 338(3), 171–179. https://doi.org/10.1056/ 
NEJM199801153380307 

Mishra, S., Shetty, A., Rao, C. R., Nayak, S., & Kamath, A. (2020). Effect of maternal 
perceived stress during pregnancy on gestational diabetes mellitus risk: A 
prospective case-control study. Diabetes & Metabolic Syndrome: Clinical Research 
Reviews, 14(5), 1163–1169. https://doi.org/10.1016/j.dsx.2020.06.048 

Nast, I., Bolten, M., Meinlschmidt, G., & Hellhammer, D. H. (2013). How to measure 
prenatal stress? A systematic review of psychometric instruments to assess 
psychosocial stress during pregnancy. Paediatric & Perinatal Epidemiology, 27(4), 
313–322. https://doi.org/10.1111/ppe.12051 

Nguyen, B. T., Cheng, Y. W., Snowden, J. M., Esakoff, T. F., Frias, A. E., & Caughey, A. B. 
(2012). The effect of race/ethnicity on adverse perinatal outcomes among patients 
with gestational diabetes mellitus. American Journal of Obstetrics and Gynecology, 207 
(4), 322. https://doi.org/10.1016/j.ajog.2012.06.049. e1. 

Norberg, M., Stenlund, H., Lindahl, B., Andersson, C., Weinehall, L., Hallmans, G., & 
Eriksson, J. W. (2007). Components of metabolic syndrome predicting diabetes: No 
role of inflammation or dyslipidemia. Obesity, 15(7), 1875–1885. https://doi.org/ 
10.1038/oby.2007.222 

Paradies, Y. (2006). A systematic review of empirical research on self-reported racism 
and health. International Journal of Epidemiology, 35(4), 888–901. https://doi.org/ 
10.1093/ije/dyl056 

Paradies, Y., Ben, J., Denson, N., Elias, A., Priest, N., Pieterse, A., & Gee, G. (2015). 
Racism as a determinant of health: A systematic review and meta-analysis. PLoS One, 
10(9), Article e0138511. https://doi.org/10.1371/journal.pone.0138511 

Perez, D. J., Fortuna, L., & Alegria, M. (2008). Prevalence and correlates of everyday 
discrimination among U.S. Latinos. Journal of Community Psychology, 36(4), 
421–433. 

Perry, B. L., Harp, K. L., & Oser, C. B. (2013). Racial and gender discrimination in the 
stress process: Implications for African American women’s health and well-being. 
Sociological Perspectives, 56(1), 25–48. 

Plows, J., Stanley, J., Baker, P., Reynolds, C., & Vickers, M. (2018). The pathophysiology 
of gestational diabetes mellitus. International Journal of Molecular Sciences, 19(11), 
3342. https://doi.org/10.3390/ijms19113342 

Robinson, A. M., Benzies, K. M., Cairns, S. L., Fung, T., & Tough, S. C. (2016). Who is 
distressed? A comparison of psychosocial stress in pregnancy across seven 
ethnicities. BMC Pregnancy and Childbirth, 16(1), 215. https://doi.org/10.1186/ 
s12884-016-1015-8 

Silviera, M. L., Whitcomb, B. W., Pekow, P., Braun, B., Markenson, G., Dole, N., 
Manson, J. E., Solomon, C. G., Carbone, E. T., & Chasan-Taber, L. (2014). Perceived 
psychosocial stress and glucose intolerance among pregnant Hispanic women. 
Diabetes & Metabolism, 40, 466–475. https://doi.org/10.1016/j.diabet.2014.05.002 

StataCorp. (2017). Stata statistical software: Release (Vol. 15). College Station, TX: 
StataCorp LLC.  

Sternthal, M. J., Slopen, N., & Williams, D. R. (2011). Racial disparities in health. Du Bois 
Review, 8(1), 95–113. 

Tull, E. S., & Chambers, E. C. (2001). Internalized racism is associated with glucose 
intolerance among Black Americans in the US Virgin Islands. Diabetes Care, 24(8). 
https://doi.org/10.2337/diacare.24.8.1498, 1498-1498. 

Tull, E. S., Cort, M. A., Gwebu, E. T., & Gwebu, K. (2007). Internalized racism is 
associated with elevated fasting glucose in a sample of adult women but not men in 
Zimbabwe. Ethnicity & Disease, 17(4), 731–735. 

Tull, E. S., Sheu, Y. T., Butler, C., & Cornelious, K. (2005). Relationships between 
perceived stress, coping behavior and cortisol secretion in women with high and low 
levels of internalized racism. Journal of the National Medical Association, 97(2), 
206–212. 

Wagner, J. A., Tennen, H., Feinn, R., & Finan, P. H. (2013). Racial discrimination and 
metabolic control in women with type 2 diabetes. Ethnicity & Disease, 23(4), 
421–427. 

Wagner, J. A., Tennen, H., Feinn, R., & Osborn, C. Y. (2015). Self-reported 
discrimination, diabetes distress, and continuous blood glucose in women with type 
2 diabetes. Journal of Immigrant and Minority Health, 17(2), 566–573. https://doi. 
org/10.1007/s10903-013-9948-8 

Wang, Y., Chen, L., Horswell, R., Xiao, K., Besse, J., Johnson, J., Ryan, D. H., & Hu, G. 
(2012). Racial differences in the association between gestational diabetes mellitus 
and risk of type 2 diabetes. Journal of Women’s Health, 21(6), 628–633. https://doi. 
org/10.1089/jwh.2011.3318, 15409996. 

Williams, D. R., Lawrence, J. A., Davis, B. A., & Vu, C. (2019). Understanding how 
discrimination can affect health. Health Services Research, 54(Suppl2), 1374–1388. 
https://doi.org/10.1111/1475-6773.13222 

K. Erbetta et al.                                                                                                                                                                                                                                 

https://doi.org/10.1196/annals.1391.015
https://doi.org/10.1111/jmwh.12490
https://doi.org/10.1007/s10995-021-03160-0
https://doi.org/10.1007/s10995-021-03160-0
https://doi.org/10.1016/j.ssmph.2016.11.003
https://doi.org/10.1016/j.ssmph.2016.11.003
https://doi.org/10.1007/s10995-103-1238-5
https://www.diabetes.org/diabetes/gestational-diabetes
https://doi.org/10.2337/dc07-s202
https://doi.org/10.1097/PSY.0000000000000516
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref9
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref9
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref9
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref10
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref10
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref10
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref10
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref11
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref11
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref11
https://www.cdc.gov/prams/questionnaire.htm
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref13
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref13
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref13
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref13
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref14
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref14
https://doi.org/10.5993/AJHB.37.6.3
https://doi.org/10.5993/AJHB.37.6.3
https://doi.org/10.5888/pcd11.130415
https://doi.org/10.5888/pcd11.130415
https://doi.org/10.1016/j.annepidem.2012.10.001
https://doi.org/10.1016/j.annepidem.2012.10.001
https://doi.org/10.1037/0033-2909.131.5.662
https://doi.org/10.1037/0033-2909.131.5.662
https://doi.org/10.1007/s10995-009-0529-3
https://doi.org/10.1007/s10995-009-0529-3
https://doi.org/10.1111/j.1365-3016.2011.01221.x
https://doi.org/10.1111/j.1365-3016.2011.01221.x
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref21
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref21
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref21
https://doi.org/10.1002/oby.20025
https://doi.org/10.2190/M11W-VWXE-KQM9-G97Q
https://doi.org/10.2105/AJPH.2011.300168
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref25
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref25
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref25
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref25
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref26
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref26
https://doi.org/10.1146/annurev-clinpsy-032814-112728
https://doi.org/10.1146/annurev-clinpsy-032814-112728
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref28
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref28
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref28
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref28
https://doi.org/10.1056/NEJM199801153380307
https://doi.org/10.1056/NEJM199801153380307
https://doi.org/10.1016/j.dsx.2020.06.048
https://doi.org/10.1111/ppe.12051
https://doi.org/10.1016/j.ajog.2012.06.049
https://doi.org/10.1038/oby.2007.222
https://doi.org/10.1038/oby.2007.222
https://doi.org/10.1093/ije/dyl056
https://doi.org/10.1093/ije/dyl056
https://doi.org/10.1371/journal.pone.0138511
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref36
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref36
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref36
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref37
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref37
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref37
https://doi.org/10.3390/ijms19113342
https://doi.org/10.1186/s12884-016-1015-8
https://doi.org/10.1186/s12884-016-1015-8
https://doi.org/10.1016/j.diabet.2014.05.002
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref41
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref41
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref42
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref42
https://doi.org/10.2337/diacare.24.8.1498
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref44
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref44
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref44
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref45
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref45
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref45
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref45
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref46
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref46
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref46
https://doi.org/10.1007/s10903-013-9948-8
https://doi.org/10.1007/s10903-013-9948-8
https://doi.org/10.1089/jwh.2011.3318
https://doi.org/10.1089/jwh.2011.3318
https://doi.org/10.1111/1475-6773.13222


SSM - Population Health 19 (2022) 101176

10

Williams, E. D., Magliano, D. J., Tapp, R. J., Oldenburg, B. F., & Shaw, J. E. (2013). 
Psychosocial stress predicts abnormal glucose metabolism: The Australian diabetes, 
obesity and lifestyle (AusDiab) study. Annals of Behavioral Medicine, 46(1), 62–72. 
https://doi.org/10.1007/s12160-013-9473-y 

Williams, D. R., & Mohammed, S. A. (2009). Discrimination and racial disparities in 
health: Evidence and needed research. Journal of Behavioral Medicine, 32(1), 20–47. 
https://doi.org/10.1007/s10865-008-9185-0 

Williams, D. R., & Sternthal, M. (2010). Understanding racial-ethnic disparities in health: 
Sociological contributions. Journal of Health and Social Behavior, 51(suppl), S15–S27. 
https://doi.org/10.1177/0022146510383838 

Wilson, B., Dyer, J., Latendresse, G., Wong, B., & Baksh, L. (2015). Exploring the 
psychosocial predictors of gestational diabetes and birth weight. Journal of Obstetric, 
Gynecologic, and Neonatal Nursing, 44(6), 760–771. 

Zhou, T., Sun, D., Li, X., Heianza, Y., Nisa, H., Hu, G., … Qi, L. (2018). Prevalence and 
trends in gestational diabetes mellitus among women in the United States, 
2006–2016. https://doi.org/10.2337/db18-121-OR. 

K. Erbetta et al.                                                                                                                                                                                                                                 

https://doi.org/10.1007/s12160-013-9473-y
https://doi.org/10.1007/s10865-008-9185-0
https://doi.org/10.1177/0022146510383838
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref53
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref53
http://refhub.elsevier.com/S2352-8273(22)00155-0/sref53
https://doi.org/10.2337/db18-121-OR

	Racial, ethnic and nativity inequalities in gestational diabetes mellitus: The role of racial discrimination
	1 Introduction
	1.1 Psychosocial stress and health inequalities
	1.2 Pathophysiology of stress
	1.3 Discrimination and metabolic risk

	2 Methods
	2.1 Measurement
	2.2 Data analysis

	3 Results
	3.1 Multivariable analyses: GDM and racial discrimination

	4 Discussion
	5 Conclusions
	Funding
	Availability of data
	Software application
	Ethics approval
	Consent to participate
	Consent for publication
	Author’s statement
	Ethical statement
	Declaration of competing interest
	Data availability
	References


