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Introduction
Telomeres, the repetitive DNA sequences at the ends of 
chromosomes, play a critical role in maintaining chro-
mosomal stability and cellular function [1]. Telomeres 
become shorter with each cell division and as such they 
are a biological marker for aging as telomeres get shorter 
as humans age [2]. Telomeres are also particularly sensi-
tive to inflammation and reactive oxygen species damage, 
and as such get shorter in the context of chronic disease 
and exposure to stress [3].

Pregnancy is a pivotal phase in a woman’s life, char-
acterized by complex physiological changes and poten-
tial stressors that can influence maternal health and 
offspring outcomes [4]. Previous studies have explored 
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Abstract
Objective  This study investigates correlates of maternal leukocyte telomere length (LTL) in the immediate 
postpartum period using a cross-sectional study design from an existing prospective longitudinal birth cohort 
of primarily Latina women. The study focuses on the role of maternal health and dietary habits in pregnancy and 
maternal education level and LTL at delivery.

Study Design  Latina mothers were recruited during the immediate postpartum period prior to 24 h at two San 
Francisco hospitals and dried blood spots were collected for LTL analysis via quantitative polymerase chain reaction 
(qPCR). We used multivariable linear regression models to determine independent predictors of maternal LTL during 
the postpartum period.

Results  In multivariable regression models, increasing maternal age was associated with shorter LTL during the 
immediate postpartum period (Coeff − 0.015; p < 0.01) whereas having a high school diploma was associated with 
longer LTL versus not having graduated from high school (Coeff 0.12; p < 0.01).

Conclusion  Maternal education level as a potential marker of exposure to life stressors and socioeconomic status 
was associated with maternal LTL after adjusting for age and other potential confounders in women of reproductive 
age.
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the potential impact of stress and psychosocial factors on 
telomere dynamics, suggesting that chronic stress dur-
ing pregnancy may lead to accelerated fetal and mater-
nal telomere shortening [5]. Moreover, lifestyle factors, 
including poor nutrition and socioeconomic disparities, 
and pregnancy-specific morbidities, such as gestational 
diabetes and preeclampsia, may result in shortened 
maternal and infant telomeres at delivery and/or 
throughout the lifecourse [6, 7]. However, the existing lit-
erature primarily focuses on predominantly Caucasian or 
African-American populations with few studies in Latinx 
populations [8].

Latina women face unique health challenges and dis-
parities including a higher rate of obesity and metabolic 
disease such as diabetes mellitus compared with other 
population groups including non-Hispanic whites in the 
United States [9]. Elucidating the associations between 
maternal leukocyte telomere length (LTL) and pregnancy 
outcomes in this group may provide critical knowledge 
to design targeted interventions and enhance prenatal 
care strategies. This study investigates the correlates of 
maternal LTL collected during the immediate postpar-
tum period prior to 24 h, focusing on Latina women with 
a particular focus on diet and weight gain in pregnancy 
and sociodemographics. Understanding the correlates of 
maternal LTL could shed light on the interplay between 
genetic and environmental factors and thus provide valu-
able insights into the biological processes and potential 
health implications during this critical period.

Methods
We collected data on maternal demographics, health his-
tory and reproductive health for 194 participants from 
two San Francisco hospitals (University of California San 
Francisco (UCSF) and Zuckerberg San Francisco General 
Hospital (ZSFG)) as previously described for this longi-
tudinal, primarily Latinx birth cohort [10] In short, all 
women were recruited and interviewed during the post-
partum period and information was extracted from the 
medical record to confirm all medical diagnoses. Less 
than 10% of those recruited for the study refused par-
ticipation. Pre-pregnancy body mass index (BMI (kg/
m2)) and weight gain in pregnancy were collected via 
self-report. We collected pre-pregnancy weight, height 
and weight at delivery to calculate BMI (weight/height^2) 
and weight gain in pregnancy (current weight at delivery-
pre-pregnancy weight). For participants that were uncer-
tain about weight or height, we extracted data from the 
medical record. Participants were classified into BMI 
groups  (underweight/normal, overweight and obese) 
based on the scale outlined by the Centers for Disease 
Control and Prevention (CDC) [11]. Further, the partici-
pants’ pregnancy weight gains were grouped as within, 
under or over based on CDC pregnancy weight gain 

groups and American College of Obstetrics and Gyne-
cology (ACOG) guidelines for various BMI groups [12]. 
Maternal age was categorized into five age groups (18–
25, 26–30, 31–35, 36–40, and > 40 years). Dietary intake 
during pregnancy focused on sugar-sweetened beverage 
(SSB) consumption including the consumption of sweet-
ened teas, sodas and fruit juices. We also collected self-
reported intake of 100% fruit juice consumption. SSB and 
100% fruit juice consumption were classified into four 
groups based on total consumption (in cups per week): 
none, > 0-<=3 cups, > 3-<=7 cups and > 7 cups for SSB 
and none, > 0-<=3 cups, > 3-<-5 cups and > 5 cups for 
100% fruit juice. Additionally, other variables includ-
ing parity, marital status (married or living with partner 
versus single), language use (Spanish versus English), 
education level (high school diploma versus none) and 
overall education (high school/GED or less, undergradu-
ate, graduate/postgraduate and other (trade school)) and 
diabetes mellitus and hypertension in pregnancy were 
analyzed as categorical variables.

Leukocyte telomere length analysis
DNA was extracted from the dried blood spots (DBS) on 
Whatmann 903 cards using the QIAamp DNA Investi-
gator kit (QIAGEN cat# 56504) and eluted in 50 ul ATE 
buffer. The DBS were collected in three batches: from 
August 2018 to Nov 2020, from December 2021 to Feb-
ruary 2022, and from June 2022 to November 2022. DBS 
were stored at -80ºC and extracted in December 2020, 
March 2022, and December 2022 for the respective three 
batches. LTL assays were performed within a week of 
DNA extraction. Twenty-four DBS samples from the first 
batch were re-extracted during the second batch, and 14 
samples from the second batch were re-extracted during 
the third batch to adjust for batch differences. The details 
of LTL method analysis have been described previously 
and are a modification of Cawthon’s initial approach 
[13, 14]. The PCR efficiencies of the T and S reactions 
are 88.4 ± 4.1% and 91.4 ± 3.9%, respectively. The average 
inter-assay coefficient of variation (CV) for the samples 
in this study was 2.0 ± 1.5%. Intra-class correlation (ICC) 
of repeat extractions of 38 dried blood spot samples from 
this study was 0.883 (95% CI: 0.766–0.942).

Statistical analysis
We assessed the normality of our outcome, mater-
nal LTL at delivery finding that the outcome deviated 
slightly from normality using q-norm and p-norm plots. 
Transforming the outcome by taking the log of the out-
come, we did not see substantial differences in our lin-
ear regression comparing the untransformed versus the 
transformed ones. As such, we used linear regression to 
examine relationships between maternal LTL and con-
tinuous variables such as maternal age (years), age of 
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menarche (years), pre-pregnancy BMI (kg/m2), weight 
gain in pregnancy (lbs), SSB consumption during preg-
nancy (cups/week), 100% fruit juice consumption during 
pregnancy (cups/week), and parity. We also used linear 
regression to assess the correlation of LTL with categori-
cal variables including the following groups: age BMI, 
and weight gain and for dichotomous maternal health 
variables, including depression and anxiety in pregnancy, 
marital status,  gestational hypertension, gestational dia-
betes, and maternal exposure to smoking.

A multivariable linear regression analysis was per-
formed to assess the independent effects of mater-
nal characteristics on LTL while controlling for 
potential confounders. Variables that were significant 
with a p < 0.10 and associated with biological plausibil-
ity for association with LTL in bivariate analysis (by lin-
ear regression) were included in multivariable analysis. 
The following covariates were included in the multivari-
able linear regression model: maternal age (years), 100% 
fruit juice consumption (cups/week), depression and/or 
anxiety in pregnancy (yes/no), parity (continuous), high 
school diploma (yes/no), age of menarche (years), and 
Latina ethnicity (yes/no). All statistical analyses were 
performed using SAS (Statistical Analysis System), and 
the results were reported with coefficients and corre-
sponding p-values.

Results
We measured leukocyte telomere length (LTL) in 194 
mothers with a mean of 1.44 T/S ratio (SD = 0.28) 
(Table 1). The age range for mothers was 18 to 41 years, 
with a mean of 32.05 years (SD = 6.07). Approximately 
73% of mothers reported having a high school diploma 
and 70.1% cited Central America or Mexican ethnicity 
(Table  1). Overall, 77.3% of the mothers reported some 
type of Hispanic ethnicity. Eleven point four percent 
reported depressive symptoms or anxiety in pregnancy 
and 17.5% had a diagnosis of gestational diabetes melli-
tus in pregnancy. Thirty point eight percent of the cohort 
had a pre-pregnancy body mass index (BMI) that was 
overweight, 26.9% were obese and 42.3% were within the 
normal range. Weight gain in pregnancy was 20.2% below 
the ACOG recommendations, 40.4% was within range 
and 39.3% was above the recommendations. Maternal age 
showed a significant negative correlation with LTL (Coeff 
= -0.01, p < 0.01) Not possessing a high school diploma 
was associated with shorter LTL although the results did 
not meet statistical significance (p = 0.06; Table 1).

Multivariable regression
In a multivariable regression model that included 
maternal age (years), 100% fruit juice consumption in 
pregnancy (cups/week), depression and/or anxiety in 
pregnancy (yes/no), parity, high school diploma status 

(yes/no), age of menarche (years) and ethnicity (Latina 
versus non-Latina), increasing maternal age was an inde-
pendent predictor of shorter LTL (β =-0.015, p = < 0.01; 
Table 2) and having a high school diploma was associated 
with longer LTL (β = 0.12, p = 0.02;  Table 2).

When the analysis was restricted to only Latina women, 
high school diploma was still associated with longer LTL 
but the effect size was larger and p value was more sig-
nificant (β = 0.13, p = 0.01; results not shown).

Discussion
Our results with this cohort of Latina postpartum 
women confirm the finding from other studies indicating 
that advanced maternal age is linked to shorter LTL [2, 
15]. Every time a cell divides, a portion of the telomeric 
DNA fails to replicate and as such older organisms will 
have shorter telomeres [16]. Additionally, the cumulative 
exposure to oxidative stress, inflammation and psychoso-
cial stress can do cellular damage over time resulting in 
telomere attrition [17].

We also found a that mothers with a high school 
diploma had longer LTL than those without a high school 
diploma; the strength of the association was greater 
among Latina mothers but present for all mothers in our 
cohort. We have previously found an association between 
lower maternal education and shorter LTL at birth [18] 
among neonates but our previous studies did not find an 
association between maternal LTL and education level. 
Meanwhile, our findings are in line with other studies 
that have demonstrated an association between lower 
socioeconomic status (SES) and education levels and 
shorter LTL [19, 20]. Individuals with lower SES and/or 
education levels experience more intense exposure to 
risk factors which could accelerate LTL attrition includ-
ing obesity, food insecurity, exposure to secondhand 
smoke, and lack of exercise [21].

One recent study addressed some of the potential 
genetic and early life confounders of LTL, SES and edu-
cation level by studying LTL of siblings with different 
educational attainment finding that high school and col-
lege graduates had longer LTL than those that did not 
obtain a high school diploma [22] Meanwhile this study 
was conducted with individuals of European ancestry 
in contrast to our with primarily Latinas; the interplay 
between SES and education may differ based on racial/
ethnic background as well as immigration status. We did 
not find any association between education level and LTL 
when education was characterized as a multi-level vari-
able versus dichotomous (high school diploma versus 
none). Other studies have similarly found this education 
cut-point (high school diploma) important to differenti-
ate health outcomes including one of our studies focused 
on LTL in neonates [18, 23].
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Maternal Characteristics n % of Total Mean ± SD ß (Coeff) 95% CI p-value
Leukocyte Telomere Length, T/S ratio 194 1.44 ± 0.28
Maternal Demographics
Maternal Age (cont var), years 32.05 ± 6.07 -0.01 (-0.02-(-)0.004) < 0.01
Age group 194
18–25 yrs 40 20.6 1.57 ± 0.28 1.0
26–30 yrs 30 15.5 1.47 ± 0.31 -0.10 (-0.23–0 03) 0.13
31–35 yrs 58 29.9 1.40 ± 0.26 -0.17 (-0.28 - -0.05) < 0.01
36–40 yrs 56 28.9 1.37 ± 0.28 -0.19 (-0.38 - -0.08) < 0.01
>40 yrs 10 5.2 1.43 ± 0.27 -0.14 (-0.33–0.05) 0.16
Marital Status
Married/Living with Partner 175 90.2 1.44 ± 0.28 1.0 0.67
Single 19 9.8 1.41±-0.34 -0.03 (-0.17–0.11)
Education level 192
High school/GE or less 61 31.8 1.43 ± 0.31 1.0
Undergraduate 56 29.2 1.49 ± 0.31 0.06 (-0.05–0.16) 0.28
Graduate/Postgraduate 43 22.4 1.42 ± 0.27 0.05 (-0.12–0.10) 0.85
Other (Trade or Vocational School) 32 16.7 1.37 ± 0.20 -0.06 (-0.19-0.06) 0.31
High school Diploma 194
Yes 141 72.7 1.46 ± 0.29 1.0 0.06
No 53 27.3 1.37 ± 0.25 -0.09 (-0.18-0.004)
Ethnicity-Country of Origin 194
Mexican 56 28.9 1.47 ± 0.29 1.0
Central American 80 41.2 1.40 ± 0.27 -0.07 (-0.17-0.03) 0.15
Other Hispanic 17 8.76 1.49 ± 0.34 0.02 (-0.14-0.17) 0.84
Other Non-Hispanic 41 21.2 1.43 ± 0.29 -0.04 (-0.16-0.07) 0.49
Latina Ethnicity 194
Latinas 150 77.3 1.44 ± 0.29 1.0 0.99
Non-Latinas 44 22.7 1.44 ± 0.29 -0.00004 (-0.097-0.096)
Language Use 193
English only or Spanish and English 98 50.78 1.46 ± 0.30 1.0 0.21
Spanish only 95 49.22 1.41 ± 0.27 -0.05 (-0.13-0.03)
Maternal Health
Depression and/or Anxiety in Pregnancy 193
No 171 88.6 1.43 ± 0.28 1.0 0.20
Yes 22 11.40 1.51 ± 0.30 0.08 (-0.04-0.21)
Hypertension in Pregnancy 194
No 159 82.0 1.44 ± 0.20 1.0 0.63
Yes 35 18.0 1.42 ± 0.22 -0.03 (-0.13-0.08)
Diabetes in Pregnancy 194
No 160 82.5 1.44 ± 0.28 1.0 0.77
Yes 34 17.5 1.42 ± 0.31 -0.02 (-0.12-0.09)
Menarche Age, years 12.74 ± 1.63 0.94
Age of Menarche 192 -0.0009 (-0.02-0.02) 0.94
9–11 years 40 20.8 1.48 ± 0.35 1.0
12–14 years 125 65.1 1.42 ± 0.26 -0.06 (-0.17-0.04) 0.22
15–17 years 27 14.1 1.48 ± 0.20 -0.01 (-0.15-0.13) 0.93
Exposure to Secondhand Smoke 194 0.66
No 181 93.3 1.40 ± 0.10 1.0
Yes 13 6.7 1.44 ± 0.29 -0.04 (-0.20-0.13)
Reproductive History
Pre-pregnancy BMI, kg/m2 28.08 ± 7.09 0.78
Pre-pregnancy BMI, groups 182 0.65
Normal (BMI > = 18.5–> 25 kg/m2) 77 42.3 1.45 ± 0.27 1.0

Table 1  Bivariate analysis of LTL related to maternal and infant characteristics (N = 194)
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Future directions and limitations
Future research could delve deeper into the mechanisms 
through which educational attainment influences LTL. 
Exploring potential mediators, such as stress, inflamma-
tion, and components of SES such as housing and food 
security and exposures to environmental pollutants, may 
offer a more nuanced understanding of these relation-
ships [24].

Limitations of this study include small sample size 
and the cross-sectional design that restricts our ability 
to draw causal inferences [25]. We also did not collect 

any information on immigration status and length of 
residence in the United States which could have con-
founded the relationship between maternal education 
and LTL [26]. Recent immigrants face significant stress-
ors including discrimination and history of trauma that 
could impact LTL shortening. Formal education level 
may serve as a buffer against certain types of immigration 
stressors [26]. Other predictors of LTL including weight 
gain in pregnancy and symptoms of depression/anxiety 
were collected mainly via self-report versus medical chart 
extraction or assessment using standardized instruments. 
Further research, ideally longitudinal in nature, could 
provide more insights into the temporal relationships of 
how education impacts LTL by assessing possible media-
tors. Additionally, the study’s focus on the Latina popu-
lation in the Bay Area reflects the demographics of the 
Bay Area’s Latina population (mainly Mexican and Cen-
tral American origin) and may limit the generalizability 
of findings to other populations including other Latina 
populations.
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Table 2  Multivariable analysis of predictors of Postpartum 
maternal leukocyte telomere length (n = 190)
Maternal Characteristics Coefficients, 95% CI P-

value
Maternal age, years -0.015 (-0.02-(-) 0.007) < 0.01
100% Fruit Juice Consumption, cups 0.001 (-0.009-0.012) 0.79
Depression and/or Anxiety in 
Pregnancy
No 1.00
Yes 0.049 (-0.08-0.18) 0.45
Parity 0.005 (-0.039-0.049) 0.82
High School Diploma
No 1.00
Yes 0.12 (0.02–0.22) 0.02
Age of Menarche, years -0.002 (-0.03-0.02) 0.87
Maternal Ethnicity
Non-Latina 1.00
Latina 0.05 (-0.06-0.16) 0.36

Maternal Characteristics n % of Total Mean ± SD ß (Coeff) 95% CI p-value
Overweight (BMI 25–30 kg/m2) 49 30.8 1.41 ± 0.31 -0.05 (-0.15-0.06) 0.38
Obese (BMI > 30 kg/m2) 56 26.9 1.42 ± 0.29 -0.03 (-0.13-0.07) 0.55
Pregnancy weight gain (pounds) 183 27.9 ± 17.5 -0.0004 (-0.003-0.002) 0.72
Pregnancy Weight Gain Groups 183
In Range for ACOG/IOM 73 40.4 1.42 ± 0.27 1.0
Above range for ACOG/IOM 72 39.3 1.45 ± 0.29 0.03 (-0.07-0.12) 0.58
Below Range for ACOG/IOM 37 20.2 1.44 ± 0.33 0.02 (-0.09-0.14) 0.72
Sugar-Sweetened Beverage Intake, cups/week 194 2.36 ± 3.58 -0.004 (-0.02-0.007) 0.48
None 78 40.2 1.43 ± 0.28 1.0
>0 cups and < = 3 cups 73 37.6 1.47 ± 0.30 0.03 (-0.06-0.13) 0.47
>3 cups and < = 7 cups 27 13.9 1.40 ± 0.24 -0.03 (-0.16-0.10) 0.63
>7 cups 16 8.3 1.39 ± 0.31 -0.04 (-0.20-0.11) 0.58
100% Fruit Juice Intake, cups/week 194 2.16 ± 3.72 0.002 (-0.009-0.013) 0.69
None 84 43.3 1.44 ± 0.29 1.0
>0 cups and < = 3 cups 69 35.6 1.42 ± 0.27 -0.02 (-0.11-0.07) 0.69
>3 cups and < = 5 cups 20 10.3 1.39 ± 0.35 -0.05 (-0.19-0.09) 0.49
>5 cups 21 10.8 1.53 ± 0.28 0.09 (-0.04-0.23) 0.18
Parity 2.06 ± 0.99 -0.03 (-0.07-0.009) 0.13
Infant Characteristics
Child’s Sex 194
Male 115 59.3 1.42 ± 0.26 1.0
Female 79 40.7 1.46 ± 0.32 0.04 (-0.13-0.04) 0.29

Table 1  (continued) 
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