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Abstract: 

Growing evidence indicates parental smoking is associated with risk of offspring obesity. The 

purpose of this study was to identify whether parental tobacco smoking during gestation was 

associated with risk of diabetes mellitus. This is a prospective study of 44-54 year old daughters 

(N=1,801) born in the Child Health and Development Studies pregnancy cohort between 1959 

and 1967. Their mothers resided near Oakland California, were members of the Kaiser 

Foundation Health Plan, and reported parental tobacco smoking during an early pregnancy 

interview. Daughters reported physician diagnoses of diabetes mellitus and provided blood for 

hemoglobin A1C measurement. Prenatal maternal smoking had a stronger association with 

daughters’ diabetes mellitus risk than prenatal paternal smoking, and the former persisted after 

adjustment for parental race, diabetes, and employment (aRR=2.4 [95% confidence 1.4-4.1] 

p<0.01 and aRR=1.7 [95% confidence 1.0-3.0] p=0.05, respectively]. Estimates of the effect of 

parental smoking were unchanged when further adjusted by daughters’ birth weight or current 

BMI. Maternal smoking was also significantly associated with self-reported of type 2 diabetes 

diagnosis (2.3 [95% confidence 1.0-5.0] p<0.05). Having parents who smoked during pregnancy 

was associated with an increased risk of diabetes mellitus among adult daughters independent of 

known risk factors, providing further evidence that prenatal environmental chemical exposures 

independent of birth weight and current BMI may contribute to adult diabetes mellitus. While 

other studies seek to confirm our results, caution toward tobacco smoking by or proximal to 

pregnant women is warranted in diabetes mellitus prevention efforts. 

 

Key words: birth weight, diabetes, obesity, smoking, tobacco 
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Introduction 

Environmental tobacco smoke (ETS) remains a common modifiable exposure worldwide, with 

over 126 million non-smoking American adult and children exposed.1 Both adult and childhood 

ETS exposures are associated with increased risk of insulin resistance, glucose intolerance, and 

type 2 diabetes.2-6 These findings raise the possibility that fetal ETS exposure, either through 

active or passive maternal smoking during pregnancy, may also increase risk of diabetes. 

 Both active and passive maternal tobacco exposure are known to increase the risk of 

numerous pregnancy complications, including low birth weight.7-9 Further, emerging yet 

extensive human and experimental evidence indicates that maternal tobacco exposure during 

pregnancy also increases risk of obesity in offspring.10-12 Given low birth weight and obesity are 

also associated with increased risk of diabetes in adulthood,13-16 it is plausible that fetal ETS 

could lead to increased risk of diabetes in adulthood through low birth weight and/or BMI.17, 18 

While the direction of the association of active maternal smoking with offspring diabetes varies 

across studies,10, 18 it is unclear if these discrepancies result from exposure bias due to variability 

in women’s willingness to report smoking during pregnancy.19-21 

Whether paternal smoking can contribute to fetal response to ETS exposure is seldom 

considered in observational studies. We know of two human studies which demonstrated 

protective associations between offspring type 1 diabetes and paternal smoking,22, 23 and one 

study which demonstrated paternal smoking was associated with increased risk of offspring type 

2 diabetes.18 Despite these sparse discrepancies, the positive association between paternal 

smoking and offspring obesity12, 16, 18, 24-26 suggests paternal smoking may at least be associated 

with increased risk offspring diabetes risk indirectly via its association with obesity. 
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 There is insufficient evidence to conclude whether fetal ETS exposure via parental 

smoking contributes to risk of diabetes mellitus. Indeed, the assessment of maternal smoking and 

risk of offspring type 2 diabetes was identified as a research need in a recent review.10 Here we 

hypothesize that parental tobacco smoking is associated with increased risk of diabetes mellitus 

in middle-aged offspring. We tested our hypothesis in a prospective birth cohort, the Child 

Health and Development Studies (CHDS), with parental tobacco smoking identified by self-

report that has been validated by serum cotinine levels.27  

 

Method 

Population 

The CHDS is a pregnancy cohort designed to evaluate the associations between prenatal 

exposures and health outcomes in the parents and offspring. The CHDS recruited women who 

were members of the Kaiser Foundation Health Plan based in Oakland, California between 1959 

and 1967.28 The CHDS participants gave verbal consent for an in-person interview generally 

conducted at the first prenatal visit, and gave permission for access to their medical records and 

their children’s medical records.  

 The present study evaluates the adult daughters who were born into the CHDS cohort and 

participated in a recent follow-up study from 2010-2013, the “Three Generations (3Gs) Study”. 

Women were eligible for the 3Gs Study if they: did not have a severe congenital illness that 

would preclude participation, were willing to receive invitations to new studies, and were not 

incarcerated or too ill to participate. The eligible pool (n = 8,401) constituted 92% of all live-

born CHDS daughters and the 82% (n = 6,905) who were address-locatable were mailed an 

invitation to the study. After the initial invitation was mailed to the address-locatable eligible 
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pool, 43 refused, another 55 were identified as deceased or ineligible, and 590 were identified 

with an incorrect address. Of the remaining eligible 6,217 who were address locatable, 80% (n = 

5,003) were phone locatable and were attempted for telephone contact and 60% completed a 

telephone interview (n = 3,003). Just over a third of the telephone interview participants also 

participated in a home visit (n = 1,194) during which a certified phlebotomist collected non-

fasting blood.  The number of home visits and the number of A1C assays that were performed 

(N=557 randomly selected from the pool of daughters with available whole blood samples) was 

determined by availability of resources. The home visit sample targeted three groups: daughters 

of mothers with breast cancer, daughters who had participated in an earlier (2005-2008) breast 

density study, and a random sample of daughters with an over-sample of African Americans.   

The present analysis sample is based on 1,801 daughters with available data on parental 

tobacco smoking during pregnancy, race, occupation, report of parental diabetes and self-report 

of body weight. Of the 1,801 daughters, 307 had A1C measures. The analysis sample includes 

forty-eight sister pairs and one set of three sisters.  There are proportionately fewer African 

Americans and fewer daughters born preterm and low birth weight in the analysis sample 

compared to the entire CHDS cohort. Parents of daughters included in the analysis were more 

educated, had higher incomes, lower parity and smoked less at study entry.     

Verbal consent was required for the telephone interview and signed written consent was 

required prior to initiation of the home visit. The 3Gs Study was approved by the institutional 

review board of the Public Health Institute.          

                                                                                                                                                                                                           

Parental tobacco use 
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Parental tobacco use during the index pregnancy was defined by maternal self-report. Only 

mothers who reported they smoked at least one cigarette a day were considered tobacco smokers. 

Paternal tobacco smoking was ascertained from pregnant women who reported their husbands 

currently smoked at least one cigarette a day, or currently smoked a pipe or cigar at least once 

weekly. We analyzed household smoking simultaneously in four separate categories where 1) 

only mothers smoked, 2) only husbands smoked, 3) both mothers and husbands smoked, and 4) 

neither mothers nor husbands smoked. Smoking data was collected before the impact of the 1964 

Surgeon General’s Report. This report is widely considered the turning point that initiated anti-

smoking attitudes in America.29, 30 Therefore we suggest that most women were willing to 

accurately report smoking behavior.  The validity of maternal self-report is further supported by 

concordance with measured serum cotinine levels previously demonstrated in the CHDS.27  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

Potential covariates 

During the prenatal interview, mothers reported their race/ethnicity, height, pre-pregnancy 

weight, and occupation. They also reported race/ethnicity, height, weight and occupation for 

their husbands. Height and weight were used to calculate BMI (kg/m2) for each parent, from 

which BMI was dichotomized as BMI > 25 (obese or overweight) vs. BMI < 25 (normal).31 

Report of husbands with professional, technical, or managerial occupations were categorized as 

professional. Report of husbands in occupations with clerical, sales, or operative duties or 

working as craftsmen, foremen, service workers, laborers, or members of the armed services 

were grouped into an ‘other occupation’ category. Mothers who reported professional or 

managerial jobs were categorized as professional while mothers reporting their work was 
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homemaking, secretarial, clerical, servicing or industrial were grouped into an ‘other occupation’ 

category.  

Mothers’ date of last menstrual period was reported by mothers during their in-person 

prenatal interview. Birth dates of daughters were obtained from medical records. These were 

used to calculate daughters’ gestational age to the nearest completed week. Birth weight was also 

extracted from obstetric records. Because birth weight tends to have a non-linear association with 

diabetes risk later in life, it was categorized as low birth weight (< 2,500 g), healthy birth weight, 

and macrosomia (> 4,000 g).13, 32-34  

Adult daughters’ interview and blood draw dates were used with birth dates to calculate 

age (in years) at interview and blood draw. Tobacco use (ever vs. never), current height and 

weight and daughters’ report of a parent having ever been diagnosed with diabetes mellitus was 

determined from telephone interview of daughters. Daughters’ self-reported height and weight 

were used to calculate BMI, where BMI < 25 was considered normal, 25 ≤ BMI < 30 was 

considered overweight, and BMI > 30 was considered obese.31  

 

Diabetes Mellitus 

During their adult interview, daughters reported whether a doctor ever told them they have 

diabetes. Daughters were asked to exclude diabetes that only occurred during pregnancy. 

Daughters were also asked how old they were when they were first diagnosed with diabetes, and 

what type of diabetes they were told they had. Whole blood hemoglobin A1C was measured 

from a subset of daughters who participated in the home visit by the Clinical and Epidemiologic 

Research Laboratory of the Boston Children’s Hospital. We principally defined cases of diabetes 

mellitus as those daughters whose doctors ever told them they had diabetes while not pregnant 
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and/or whose A1C ≥ 6.5% (47.5 mmol/mol).35 In four secondary analyses, we 1) restricted case 

status to only those daughters who reported diagnosed diabetes, which ignored A1C status, 2) 

restricted case status to only those daughters who reported a doctor telling them they had type 2 

diabetes, which ignored report of type 1 diabetes and A1C status, 3) restricted cases to the subset 

of non-siblings, and 4) restricted cases to the subset of non-siblings plus one randomly selected 

sister from each family. These secondary analyses were performed to exclude the potential 

impact of the home visit sampling criteria and of the sibling sampling, and to facilitate 

comparison with other studies.  

 

Statistical Analysis 

Prevalences were calculated in PROC FREQ (SAS 9.4, Cary, NC). We modeled the effect of the 

four parental smoking categories on continuous outcomes to calculate least square means, their 

standard errors, and their significance while accounting for random effects of potential 

correlations among siblings in PROC MIXED. We modeled the effect of the parental smoking 

categories on dichotomous outcomes to calculate risk ratios, their confidence intervals (CI), and 

their significance while accounting for random effects of potential correlations among siblings in 

PROC GENMOD. To further examine the potential impact of including siblings on the 

estimation of smoking effects, we ran models on subsets including only non-siblings and 

including non-siblings plus one randomly selected sister per family. Variables which changed the 

size of the parameter estimated for any parental smoking category by 10% or more, or were 

found to be statistically significant predictors in the saturated model, were included as covariates 

in the multivariable models (GENMOD).7 The prevalences and risks determined in PROC FREQ 

and PROC GENMOND were used for post hoc power calculations (PROC POWER). We 
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evaluated the onset of type 2 diabetes as a time-dependent function of parental smoking 

categories by testing the significance of cross product terms between type 2 diabetes onset (age 

at diagnosis) and parental smoking (categories described above) while accounting for the main 

effect of parental smoking and random effects of potential correlations among siblings in PROC 

PHREG. PROC LIFETEST was used to generate data graphed in GraphPad Prism 6 (La Jolla, 

CA).                                                                                                                                                                                                                                                                 

 

Results 

The distribution of parental tobacco smoking during pregnancy across the variables we 

considered in our analyses is shown in Table 1. As expected, daughters’ mean birth weight was 

significantly reduced in households with maternal tobacco smoking. We further found that 

maternal, but not paternal, BMI was also negatively associated with parental tobacco smoking 

status. Conversely, paternal, but not maternal, diabetes was associated with parental tobacco 

smoking.  

Numerous aspects of daughters’ adult metabolic health were also associated with parental 

tobacco smoking during gestation (Table 1). Paternal tobacco smoking was significantly 

associated with a 1 kg/m2 increase in the mean of daughters’ BMI (maternal only tobacco use 

was non-significant, p = 0.16). In contrast, maternal smoking during pregnancy was associated 

with increased risk of daughters’ self-reported type 2 diabetes (paternal only tobacco use was 

non-significant, p = 0.08). The number of cases defined by type 1 diabetes report and A1C status 

were far less than those defined by type 2 diabetes report in this sample. Despite small numbers, 

there was a significant association of parental smoking on type 1 diabetes, with an absence of 

type 1 diabetes cases among non-smoking households and the highest prevalence of type 1 
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diabetes cases occurring among daughters with in utero exposure to paternal tobacco smoke. 

A1C measurement status and mean percent A1C among daughters did not differ across parental 

tobacco use categories.  Although missing information about parental smoking during pregnancy 

was the main source of sample attrition from the 3,003 telephone interviews, the absence of 

parental smoking data was not significantly associated with diabetes mellitus (p = 0.8).  

 To maximize the accuracy of case ascertainment, we defined diabetes mellitus from both 

self-report of doctor-diagnosed diabetes for all 1,801 women and from measured A1C for a 

random subset of 370 women as shown in Table 2. The inclusion of diabetes mellitus cases 

defined by A1C ≥ 6.5% (47.5 mmol/mol) led to the identification of an additional 10 diabetes 

mellitus cases not identified by self-report. Some of these 10 cases identified exclusively by A1C 

are consistent with a recent development of diabetes, as four of these ten women had A1C ≥ 

6.5% (47.5 mmol/mol) during a home visit which occurred 1-2 years after they reported their 

diabetes status. Because we did not measure auto-antibodies to distinguish type 1 diabetes from 

type 2 diabetes, and did not identify what clinical parameter physicians utilized to diagnose 

diabetes, we conservatively describe our primary outcome of interest as diabetes mellitus. 

However, we also provide results for self-reported type 2 diabetes mellitus alone to facilitate 

comparisons with other studies. 

 Women prenatally exposed to only maternal smoking had an unadjusted three-fold 

increased risk of diabetes mellitus (Table 3). Women exposed to only paternal smoking while in 

utero had an unadjusted two-fold increased risk of diabetes mellitus (Table 3). Our analyses 

included 48 sister pairs and one set of three sisters among the 1,801 daughters. To evaluate the 

potential contribution of siblings to our analyses, we also restricted analyses to the subset of non-

siblings and the subset of non-siblings plus one randomly selected sister from each family. These 
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associations were the same (data not shown) as those reported in Table 3.  In order to determine 

whether these unadjusted associations were robust to confounding and known risk factors, 

variables in Table 1 were considered for inclusion in the adjusted multivariable models presented 

in Table 3. After adjustment by other significant variables (parental race, parental diabetes, 

parental professional employment), both maternal and paternal tobacco smoking continued to be 

associated with increased risk of daughters’ diabetes mellitus (Table 3). Paternal smoking had a 

marginally significant association with daughters’ diabetes mellitus risk. However, there was no 

evidence of a further increase in daughters’ risk of diabetes mellitus when both parents smoked 

compared to the risk when only mothers smoked.  

The associations between parental tobacco smoking and daughters’ diabetes risk were 

unchanged when birth weight was added to the final adjusted models, suggesting that the effect 

of maternal tobacco smoking on birth weight (Table 1) did not mediate the association of 

maternal tobacco use and daughters’ diabetes mellitus. We observed an increase in adult 

daughters’ BMI associated with paternal smoking (Table 1), however associations between 

parental smoking and daughters’ diabetes were unaltered after adjusting for daughters’ BMI 

(Table 3).  This suggests that the effect of paternal tobacco use on daughters’ diabetes risk was 

not mediated by daughters’ BMI. In all adjusted models, paternal smoking was associated with a 

70% increased risk of daughters’ diabetes mellitus that hovered around significance, while 

maternal smoking was associated with a significant two- to three- fold risk of diabetes mellitus 

among daughters. A post hoc power calculation for our sample scenario estimated a 43% 

probability to detect an effect size of 70% or greater at a significance threshold of alpha = 0.05. 

To confirm the results of Table 3 were not an artifact of case definition, the adjusted 

model of Table 3 was applied to two alternative definitions of diabetes. When only cases of self-
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reported diabetes were included in our case definition (misclassifying ten cases where A1C ≥ 

6.5% (47.5 mmol/mol), Table 2), the aRR were essentially unchanged (aRR = 2.6 [95% CI 1.2 - 

5.5] p < 0.05, 1.7 [95% CI 1.0 - 3.0] p = 0.07, and 2.2 [95% CI 1.2 - 3.8] p < 0.01 for maternal-, 

paternal-, and parental- tobacco use respectively). Similarly when only cases of self- reported 

type 2 diabetes were included in our case definition (ignoring self-reported type 1 diabetes and 

A1C), the aRR were essentially the same as reported in Table 3 (aRR = 2.3 [95% CI 1.0-5.0] p < 

0.05, 1.3 [95% CI 0.7-2.4] p = 0.3, and 2.1 [95% CI 1.2-3.7] p < 0.05 for maternal-, paternal-, 

and parental- tobacco use respectively). There was no evidence of time-dependence among the 

association of parental tobacco smoking and the age of onset of self-reported type 2 diabetes (Fig 

1). There were too few cases of self-reported type 1 diabetes to assess a potential time-dependent 

association of parental tobacco smoking. 

 

Discussion 

 We prospectively assessed over 1,800 women to evaluate the association between 

diabetes mellitus and parental tobacco smoking during gestation. Daughters’ risk of diabetes 

mellitus was increased in association with either both parents smoking or only the mother 

smoking during gestation. This association supports the hypothesis that parental tobacco 

smoking is associated with increased risk of diabetes mellitus in adult offspring, and is consistent 

with the hypothesis that prenatal environmental chemical exposures independent of birth weight 

may contribute to the developmental origins of health and disease.13, 36 Further, this is the first 

study to demonstrate that parental smoking during gestation is associated with increased risk of 

diabetes mellitus independent of BMI.17, 18 This novel finding is biologically plausible as rodents 

prenatally exposed to nicotine have a permanent loss of pancreatic beta cells commencing at 
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birth,37 prior to the occurrence of increased body and/or fat weight in rodents with prenatal 

nicotine or cigarette exposure.10 

 There are a limited number of studies that have evaluated the association of maternal 

tobacco smoking during gestation with risk of offspring diabetes, and none of these studies 

isolated the sole effects of maternal smoking separate from the co-occurrence of paternal 

smoking or other prenatal ETS exposures.10, 18 Further, the majority (85%) of these studies 

evaluated births occurring after the 1964 Surgeon General’s Report which was the pivotal report 

that warned against smoking and initiated the change in smoking attitudes.5, 18, 29, 30, 38-48 Thus the 

negative findings of these studies may be due to misclassification bias associated with 

underreporting of parental smoking exposure during gestation.19-21 In contrast, the CHDS 

enrollment period largely predated public health anti-smoking campaigns for women and as 

expected, self-reported tobacco smoking is consistent with serum cotinine levels in the CHDS 

cohort.27 We suggest that our study is more robust to misclassification bias associated with 

response to anti-smoking public health campaigns.29, 30  

 All other known studies of prenatal smoking associations with offspring diabetes that 

were also conducted prior to the Surgeon General Report were conducted in the United 

Kingdom. The majority of these studies also found an increased risk of offspring diabetes 

mellitus associated with maternal smoking during gestation.17, 22, 49, 50 Similar to the results 

reported here, the National Child Development Study of the United Kingdom found an increased 

risk of type 2 diabetes among offspring of mothers who smoked.49 Another study predating the 

Surgeon General warning reported that the significant association between prenatal maternal 

smoking and type 2 diabetes was mediated by the birth weight and BMI of offspring,17 however 

birth weight and BMI did not appear to be mediators of the association between prenatal 
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maternal smoking and diabetes risk here. These discrepancies may reflect our inclusion of 

paternal smoking and all cases of diabetes mellitus.  

 The effect of paternal smoking (risk increased by 70%) was smaller than that seen for 

maternal smoking (risk increased by 170%). Even though we were underpowered to find a 

modest paternal effect, we observed one with marginal statistical significance. Thus we cannot 

exclude the possibility that paternal smoking has a small effect on daughters’ diabetes risk. One 

larger study ascertaining paternal smoking status in 2001 found a smaller association between 

paternal smoking and diabetes risk, which is consistent with the 95% confidence interval we 

observed in this study.18 In contrast, two European studies spanning the release of the Surgeon 

General’s 1964 Report found a decreased risk of type 1 diabetes associated with paternal 

smoking.22, 23 While we were also underpowered to evaluate small associations of parental 

smoking and offspring type 1 diabetes, it is notable that the majority of our type 1 diabetes cases 

were born in households where only fathers smoked. Further, we do not have information on 

postnatal smoke exposure and therefore cannot rule out a contribution of postnatal smoking to 

associations reported here. Although few human cohorts are positioned to confirm our results, 

larger birth cohorts that collected data on paternal tobacco smoking during gestation prior to the 

Surgeon General warning should seek to confirm the association of prenatal paternal tobacco use 

and offspring diabetes that we observed, and should attempt to distinguish whether such an 

association applies to all sources of ETS exposure during prenatal and postnatal periods.  

 We were limited in our ability to detect all diabetes mellitus cases given we did not 

measure A1C in all participants, and were unable to measure autoantibodies. Consistent with 

misclassification bias, only 6.1% of the women of this study had diabetes mellitus, compared 

with 15% physician diagnosed diabetes in 2007 -2010 among 45-64 year old women of the 
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United States population. While our lower diabetes prevalence could also be explained by our 

lower obesity prevalence (26.4% here vs. 38.3% obesity among 45-54 year old women of the 

United States in 2009-2012),51 any bias in the classification of our diabetes mellitus cases would 

likely cause the risk estimates reported here to be smaller than their true size. Although the 

analysis sample was different from the CHDS cohort as a whole because it included fewer 

daughters with high risk characteristics, this weakness would likely bias toward not finding a 

tobacco association. 

 From a public health perspective, reduced fetal ETS exposure appears to be an important 

modifiable risk factor for diabetes mellitus in offspring. Medical doctors should consider 

advising pregnant smokers that emerging research suggests that tobacco smoking cessation in the 

home may benefit offspring by reducing their risk of developing diabetes mellitus independent of 

the effects of adult BMI or birth weight on diabetes risk. Given we were underpowered to 

significantly resolve a paternal smoking association with offspring diabetes risk and few studies 

conducted prior to the Surgeon General warning have designs capable of confirming our 

marginal paternal smoking association with risk of offspring diabetes mellitus, caution toward 

smoking near pregnant women is also warranted in order to prevent diabetes mellitus. 
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Tables 

Table 1- Distribution of parental, early-life, and adult characteristics by parental tobacco use 

status in 1,801 women [n (row %) or LSM (SE)]. 

    No parental 

tobacco 

606 (33.6) 

 Maternal tobacco 

116 (6.4) 

 Paternal tobacco 

619 (34.4) 

 Parental tobacco 

460 (25.5) 

Maternal         

 Race/ethnicity         

  African American  75 (26.4%)  13 (4.6%)  125 (44.0%)**  71 (25.0%) 

  White, Asian, 

Hispanic, other 

 531 (35.0%)  103 (6.8%)  494 (32.6%)  389 (25.6%) 

 BMI (kg/m2)*  22.9 (0.2)  22.7 (0.3)  23.2 (0.2)  22.2 (0.2)# 

 Diabetes         

  Never  518 (34.5%)  95 (6.3%)  506 (33.7%)  381 (25.4%) 

  Ever  88 (29.2%)  21 (7.0%)  113 (37.5%)  79 (26.2%) 

 Occupation         

  Professional  97 (35.5%)  21 (7.7%)  104 (38.1%)  51 (18.7%)¶ 

  Other  509 (33.3%)  95 (6.2%)  515 (33.7%)  409 (26.8%) 

Paternal         

 Race/ethnicity         

  African American  78 (25.9%)  17 (5.6%)  131 (43.5%)**  75 (24.9%) 

  White, Asian, 

Hispanic, other 

 528 (35.2%)  99 (6.6%)  488 (32.5%)  385 (25.7%) 

 BMI (kg/m2)†  24.3 (0.2)  24.5 (0.4)  24.4 (0.1)  24.5 (0.2) 

 Diabetes         

  Never  492 (34.7%)  94 (6.6%)  480 (33.9%)  351 (24.8%) 
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  Ever  114 (29.7%)  22 (5.7%)  139 (36.2%)  109 (28.4%)¶ 

 Occupation         

  Professional  343 (41.9%)  54 (6.6%)  256 (31.3%)  166 (20.3%) 

  Other  263 (26.8%)  62 (6.3%)  363 (37.0%)  294 (29.9%)¶ 

Daughters         

 Gestational age 

(wks)‡ 

 39.9 (0.1)  40.1 (0.2)  40.0 (0.1)  39.7 (0.1) 

 Birth weight (g)  3,350.9 (19.4)  3,149.3 (44.1)**  3,324.0 (19.3)  3,114.5 (22.4)** 

 Age (yrs)  48.7 (0.1)  49.2 (0.2)¶  48.8 (0.1)  49.2 (0.1)** 

 Tobacco smoking§         

  Never  384 (37.5%)  69 (6.7%)  356 (34.7%)¶  216 (21.1%)** 

  Ever  221 (28.5%)  47 (6.1%)  262 (33.9%)  243 (31.4%) 

 BMI (kg/m2)  26.7 (0.3)  27.7 (0.6)  27.7 (0.3)#  27.7 (0.3)¶ 

 Hb A1C (%)||  5.8 (0.1)  5.8 (0.2)  5.7 (0.1)  5.9 (0.1) 

 
Hb A1C (mmol/mol)|| 

 
39.9 (0.7) 

 
39.9 (1.4) 

 
38.8 (0.7) 

 
41.0 (0.7) 

 Hb A1C||         

  Unmeasured  488 (34.1%)  91 (6.4%)  495 (34.6%)  357 (25.0%) 

  Measured  118 (31.9%)  25 (6.8%)  124 (33.5%)  103 (27.8%) 

 Type 2 diabetes         

  Absent  589 (34.4%)  107 (6.2%)¶  590 (34.5%)  425 (24.8%)# 

  Present  17 (18.9%)  9 (10.0%)  29 (32.2%)  35 (38.9%) 

  Type 1 diabetes¶,         

  Absent  606 (33.8%)  115 (6.4%)  612 (34.2%)  459 (25.6%) 

  Present  0 (0%)  1 (11.1%)  7 (77.8%)  1 (11.1%) 

*n=1,748; †n=1,208; ‡n=1,777; §n=1,798; ||n=370. 
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Analysis of significant differences in least square means or counts were preformed in PROC 

MIXED or PROC GENMOD (type 1 diabetes in PROC FREQ Fishers Exact), respectively 

where ¶p<0.05, #p<0.01, **p<0.0001 compared to no tobacco use during pregnancy. 
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Table 2- Diabetes mellitus cases (n=109) according to self-reported (ever vs. never, n=1,801) 

and clinically defined (A1C n=370) diabetes mellitus in the analysis population (n=1,801). 

Self-reported 

type 1 diabetes 

Self-reported 

type 2 diabetes 

A1C  

categories 

Diabetes 

Mellitus 

Frequency Percent 

Never Never Unmeasured Never 1,355 75.2 

Never Never Normal Never 197 10.9 

Never Never Pre-diabetes Never 140 7.8 

Never Never Diabetes Ever 10 0.6 

Never Ever Unmeasured Ever 69 3.8 

Never Ever Normal Ever 1 0.1 

Never Ever Pre-diabetes Ever 6 0.3 

Never Ever Diabetes Ever 14 0.8 

Ever Never Unmeasured Ever 7 0.4 

Ever Never Normal Ever 1 0.1 

Ever Never Diabetes Ever 1 0.1 
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Table 3-Association between parental tobacco use during gestation and diabetes mellitus in 

1,801 women. 

   No parental tobacco  Maternal tobacco  Paternal tobacco  Parental tobacco 

No. diabetics  18  11  39  41 

No. at risk  588  105  580  419 

RR (95% CI) 

p-value 

 1.0 (Reference)  3.2 (1.5-6.6) 

<0.01 

 2.1 (1.2-3.7) 

<0.01 

 3.0 (1.8-5.2) 

<0.0001 

aRR (95% CI)* 

p-value 

 1.0 (Reference)  2.7 (1.3-5.4) 

<0.01 

 1.7 (1.0-3.0) 

0.05 

 2.4 (1.4-4.1) 

<0.01 

aRR (95% CI)† 

p-value 

 1.0 (Reference)  2.6 (1.2-5.3) 

<0.05 

 1.7 (1.0-3.0) 

<0.05 

 2.4 (1.4-4.1) 

<0.01 

aRR (95% CI)‡ 

p-value 

 1.0 (Reference)  2.7 (1.4-5.3) 

<0.01 

 1.7 (1.0-2.8) 

0.06 

 2.2 (1.3-3.7) 

<0.01 

*adjusted for parental African American race, parental diabetes, and parental professional 

employment.  

†adjusted for parental African American race, parental diabetes, parental professional 

employment, and birth weight categories.  

‡adjusted for parental African American race, parental diabetes, parental professional 

employment, and index case BMI categories. 
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Figure 

 

Figure 1. Probability of reporting physician diagnosed type 2 diabetes as a function of age and 

parental tobacco smoking during gestation. 

 




