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Abstract
Background: The postpartum period can be a vulnerable time during which many women are prone to mood disturbances.
Since telomere length (TL) is known to be associated with dysphoric moods, inflammation, and stress in many populations, this
study’s objective was to assess the relationships among TL, dysphoric moods, stress, and inflammation during the postpartum
period. Method: This cross-sectional pilot study is a secondary analysis of data collected in a larger parent study of anti-thyroid
peroxidase (TPO) enzyme antibody positive versus negative women. The parent study followed selected mothers every month
for 6 postpartum months. From this parent study, a random sample of preserved peripheral blood mononuclear cells from 97
participants collected at 2–4 months postpartum were measured for TL. Data were available on the production of interleukin-6
(IL-6), an inflammatory cytokine, in stimulated ex vivo cultures for 59 of these women. Dysphoric moods and stress were
measured. Pearson correlations and linear regressions were performed, controlling for postpartum thyroiditis status and age.
Results: There were no statistically significant relationships between TL and demographic factors, stress, depression, or TPO
status. There were significant negative correlations between TL and anxiety and a trend for a relationship between TL and IL-6
levels. IL-6 levels were significantly, positively associated with negative moods. Conclusions: Higher anxiety scores and
inflammation were associated with shorter TL. Inflammation was related to anxiety and other dysphoric moods and was
marginally associated with shorter TLs.
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Prior studies, including ours, have suggested that the postpar-

tum period extends physiologically and psychologically

through the first 6 months to 1 year after birth (Groer, Jevitt,

& Ji, 2015; Groer et al., 2014). This period is an understudied

but potentially critical time of life (Bauer, Damschroder, Hage-

dorn, Smith, & Kilbourne, 2015) during which mothers adopt

new roles and responsibilities, physically recover from preg-

nancy and labor, and lactate for varying amounts of time.

Women are at risk for a variety of postpartum mood disorders,

from mild dysphoria to severe depression and psychosis

(O’Hara & McCabe, 2013; Stewart & Vigod, 2016). Postpar-

tum depression can persist for many months (Miller, 2002).

Mothers also cope with many demands and stressors that can

sometimes feel overwhelming (Jevitt, Groer, Crist, Gonzalez,

& Wagner, 2012). Thus, for some women, the postpartum

period is psychologically difficult and may also be a biologi-

cally vulnerable time.

Our group has studied dysphoric moods, stress, thyroid dis-

ease, and immune function in women through the first post-

partum year (Groer et al., 2015; Groer et al., 2014; Groer,

Jevitt, Sahebzamani, Beckstead, & Keefe, 2013; Groer &

Vaughan, 2013; Groer et al., 2011; Jevitt et al., 2012; Thibeau

et al., 2016). We completed a longitudinal study of postpartum

women who were either negative or positive during pregnancy

testing for the anti-thyroid peroxidase (TPO) enzyme antibody.

TPO is a common antibody that occurs in up to 11% of child-

bearing women and increases their risk for later development

of postpartum thyroiditis (PPT: Meena, Chopra, Jain, & Aggar-

wal, 2016). We found that dysphoric moods were more com-

mon in TPO positive women with PPT than in TPO positive
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women who did not experience PPT. In qualitative work, we

found that some women, regardless of TPO or PPT status, were

extremely affected by postpartum moods and stress (Jevitt

et al., 2012). Of course, mood disorders and stress are not

confined to women with thyroid disease. In our earliest studies

of the postpartum period, in a fairly large sample, we discov-

ered that there was a wide range of stress scores and dysphoric

moods (Groer, 2005).

Dysphoric moods and stress are associated with poor health

outcomes and negatively impact longevity (Russo et al., 2007;

Slavich, 2016). Moreover, shortened telomere length (TL), a

potential biomarker of senescence, has been shown to be asso-

ciated with adverse events in a person’s life such as stress,

depression, childhood trauma, socioeconomic status, or condi-

tions that produce oxidative stress and inflammation as well as

genetic factors and heritability (Bell et al., 2019; Chander,

Yadav, Jain, Bhadada, & Dhawan, 2018; Korakas, Dimitriadis,

Raptis, & Lambadiari, 2018; Li, Hao, Fan, & Zhang, 2018;

Pearce et al., 2018; Peng, Xiao, Hu, & Zhang, 2018). Telo-

meres are repetitive DNA hexamer tandem sequences of

TTAGGG at the ends of chromosomes, which protect the chro-

mosome from degrading (Wai, 2004). They are found in all

chromosomes in all cells, and, as cells divide, there is loss of

the DNA hexamer, which, in most differentiated human cells,

cannot be repaired (Calado & Young, 2009). Activated lympho-

cytes are able to repair telomere damage through the enzyme

telomerase, which repairs shortened ends of the chromosomes

and can restore TL in some cells, such as germ or immune cells

(de Punder, Heim, Wadhwa, & Entringer, 2019). Nevertheless,

the shortening of telomeres on lymphocytes and other cells is a

marker of biological aging and strongly correlates with life span

(Effros & Pawelec, 1997; Harley, Futcher, & Greider, 1990;

Kipling et al., 1999). Thus, TL may be utilized as an effective

biomarker indicative of biological repercussions of psychoso-

cial factors. Peripheral blood mononuclear cells (PBMCs) are a

mix of lymphocytes and monocytes, and many studies have

examined relationships among PBMC TL and various psycho-

social and physiological variables.

In light of previous findings, we hypothesized that postpar-

tum stress and dysphoric moods would be associated with

inflammation and shortened TL in preserved PBMCs in our

postpartum sample, even when PPT status was controlled. To

date, there have been no published studies relating postpartum

moods with TL.

Materials and Methods

Study Population

The institutional review board at the university approved the

study. All participating women gave written informed consent.

The parent study population comprised postpartum women

who had been assessed during pregnancy for antibodies against

TPO (N¼ 631), and eligible TPO negative and positive women

were followed for 6 months in the postpartum period (N ¼
121). Exclusion criteria for the parent study, determined by

examination of the medical record, included history of depres-

sion or other mental illness, HIV or hepatitis, and use of drugs

that would alter immune function. For the current investigation,

we randomly selected PBMC samples from 97 of the 121

women to measure for TL.

Data Collection

In the parent study, blood samples were taken at pregnancy

(mean week of collection was 16 weeks’ gestation), 1-week

postpartum, and then every month for 6 months. Investigators

collected 15 ml of blood by venipuncture at morning home

visits, and PBMCs and plasma were preserved. The majority

of samples for the present study were from 2 months, but in

order to increase the sample size, we selected about 20% of the

samples from Months 3 and 4.

Measures

Participants completed a demographic questionnaire, the Pro-

file of Mood States (POMS; McNair, Lorr, & Droppleman,

1992), an investigator-developed thyroid symptom checklist

(Groer & Jevitt, 2014), and the Perceived Stress Scale (PSS;

Cohen, Kamarck, & Mermelstein, 1983) at each visit. The

thyroid symptom checklist included Hyperthyroid and

Hypothyroid subscales. The Hyperthyroidism subscale com-

prised nine 4-point Likert-type items (maximum severity score

¼ 36) and the Hypothyroidism subscale had 10 4-point Likert-

type items (maximum severity score ¼ 40). The Cronbach’s a
for the Hyperthyroid Symptom subscale was .70 and for the

Hypothyroid subscale was .77. The long form of the POMS is a

65-item rating scale for measuring how often the respondent

experienced a specific mood during the past week, including

the day of measurement (McNair et al., 1992). The POMS

consists of a total mood disturbance (TMD) score and six sub-

scales: tension–anxiety, depression–dejection, anger–hostility,

vigor–activity, fatigue–inertia, and confusion–bewilderment.

The internal consistency reliabilities for the subscales range

from .87 to .95. The validity of the scale (face validity, factorial

validity, predictive validity, and construct validity) is reported

to be excellent (McNair et al., 1992). The PSS is a widely used

measure of perceptions of stress related to helplessness and

control. Respondents rank 14 items on a 4-point Likert-type

scale. The internal consistency reliability has been reported to

be .84 to .86 in young adults. Congruent and criterion validity

has been shown to be excellent, although predictive validity

declines over time (Cohen et al., 1983).

Ex Vivo Cultures and Interleukin-6 (IL-6) Measurement

We used a whole-blood sample in an ex vivo culture on the day

of collection, measuring cytokine synthesis over time in

mitogen-stimulated cultures. Whole blood (1.2 ml) was sus-

pended in Roswell Park Memorial Institute-1640 media (4.8

ml) with 10 μg/ml gentamycin, 5.0 μg/ml of phytohemagglu-

tinin (Sigma-Aldrich, St.Louis, MO) and 5.0 μg/ml of
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lipopolysaccharide (ICN Biomedicals, OH) and placed in the

wells of a 16-well plate. The plates were incubated at 37 �C
with 5% CO2 for 48 hr. The contents were centrifuged at 400 g,

and the supernatants were frozen at�80 �C. IL-6 was analyzed

by enzyme-linked immunoassay (ELISA; eBioscience, San

Diego, CA). The results of this assay matched to the time of

TL measurement were available for 59 participants.

Telomere Assay

We selected preserved PBMCs from a random sample of 97

participants for telomere assay. PBMCs were isolated by

density-gradient centrifugation, and cells were preserved in

10% DMSO in liquid nitrogen until analysis.

Genomic DNA was extracted from PBMCs with DNeasy

Blood and Tissue Kit (Qiagen, Valencia, CA), and DNA con-

centration and quality were evaluated by 260/280 UV nanodrop

spectrophotometer; only samples with a 260/280 ratio > 1.7

were included in subsequent analyses. DNA was extracted

from lymphocytes (Bio-Rad, Hercules, CA) for quantitative

polymerase chain reaction (qPCR) with iCycler real-time PCR

system. Samples were diluted to 7 ng/μl for the PCR reaction.

Each well contained 4 μl of sterile water, 5 μl (35 ng) of

genomic DNA, 0.5 μl of each primer, and 10 μl of iQ SYBR

Green Supermix Bio-Rad (reaction buffer with dNTPs, iTaq

DNA polymerase, 6 mM MgCl2, SYBR Green I, fluorescein,

and stabilizers), and 7 ng/μl of DNA. The telomere primers

were Telo-F (CGG TTT GTT TGG GTT TGG GTT TGG GTT

TGG GTT TGG GTT) and Telo-R (GGC TTG CCT TAC CCT

TAC CCT TAC CCT TAC CCT TAC CCT). The primers for

the reference control gene, 36B4 single-copy gene, were 36B4-

F (CAG CAA GTG GGA AGG TGT AAT CC) and 36B4-R

(CCC ATT CTA TCA TCA ACG GGT ACA A). The concen-

tration of all primers was 10 μM, and the PCR cycle conditions

consisted of an initial denaturation step at 95 �C for 10 min

followed by 40 cycles at 95 �C for 15 s and at 60 �C for 60 s.

Next, the reaction was run as follows: 1 min at 95 �C, 1 min at

55 �C, and 81 repeats of 10 s at 55 �C. Reactions were set up in

triplicate in 96-well plates, each with five DNA quantity stan-

dards (serial dilutions of a reference DNA Hela cells giving

final DNA quantities of between 28 and 1.75 ng/μl per reac-

tion), one negative control and one internal control. Each sam-

ple was run 2 times on different plates. If the mean of values on

one plate differed by >15% from the mean of the samples of the

second plate, the sample was run a third time, and the mean of

the two closest measurements was used. A standard curve was

made by serial dilutions of DNA from Hela cells. The amount

of each subject’s DNA sample was determined relative to the

single reference DNA sample by a standard curve. Telomeres

were measured as T/S ratios. This is a computation by which

the sample differs in its ratio of telomere repeat copy number to

a single-copy gene copy number. The telomere signal was

normalized to the signal from the single-copy gene to generate

the TL, which was indicative of relative TLs across all chro-

mosomes in a cell. The coefficient of variation was 1.4%.

Statistical Analyses

The data distributions were analyzed first for normality and

transformed, when necessary, before parametric techniques

were used to analyze relationships. Pearson correlations were

performed between TL and demographic characteristics, mood

states, stress, and cytokines assayed at the time of TL measure-

ment. After determining that only anxiety and IL-6 were related

to TL, linear regression models of TL and anxiety and TL and

IL-6, using the pairwise option and controlling for PPT status

and age for anxiety and age only for IL-6, were performed. For

descriptive purposes, as is often done in telomere studies, TL

was sorted into tertiles (0.56–1.05 [shortest], 1.06–1.26

[medium length], and 1.3–2.1[longest]), and contingency table

analysis was used for nominal variables of ethnicity, marital

status, income, educational level, and breastfeeding status. A p

value of .05 was accepted for statistical significance. Power

analysis was not performed for this cross-sectional, explora-

tory, pilot study, as we were constrained by our use of a limited

data set from the parent study.

Results

Telomeres

The TL (T/S ratio) was normally distributed. The mean (SD)

TL ratio was 1.17 + 0.32. The range was 0.31–2.10.

Demographics

The sample consisted of 59 TPO negative and 38 TPO positive

postpartum females. At the time of telomere measurement,

only two women reported smoking, and only five reported

more than an hour of exercise per week. The mean age of the

sample was 29.6 years (SD ¼ 6.3, range 19.0–46.0), and the

mean body mass index (BMI) was 28.8 kg/m2 (SD¼ 5.9, range

19.4–46.0). The majority (72%) were unemployed, and 72%
were married, 15% divorced and 13% single. Annual income

was over US$40,000 for 55%, and the majority had completed

high school, with 54% college completion or postgraduate edu-

cation preparation. The sample was 76% Caucasian (39% of

whom were of Hispanic origin) and 15% African American.

The remaining 9% were Asian or other racial categories. There

were no statistically significant relationships between TL and

age, BMI, income level, marital status, parity, number in

household, or ethnicity. However, Hispanics had the lowest

TLs of all ethnic groups (NS; Z2 ¼ .095) and highest depres-

sion scores (28%, but also NS).

Thyroid Status

Analysis of TL by TPO status revealed essentially equal TLs

(TPO positive TL ¼ 1.174, n ¼ 39; TPO negative TL ¼ 1.172,

n ¼ 59) . TL was not significantly different in the 11 women

who were experiencing symptoms of PPT (fatigue, dry skin,

lack of energy) at the time of TL measurement compared to the

rest of the sample.
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Mood and Stress

For descriptive purposes, a frequent method of illustrating

telomere data in research publications is sorting TL into

tertiles (0.36–1.05 [shortest], 1.06–1.26 [medium length], and

1.3–2.1[longest]). Anxiety by TL tertile is depicted in

Figure 1. All dysphoric mood states followed this pattern.

This method gives an indication of the directional trends of

relationships, but we used the actual values of mood and

anxiety scores and TL in correlations and regressions. This

sample had generally low mood disturbance scores (see Table

1). For example, the TMD score, which sums the dysphoric

moods and subtracts the vigor score, was 8.5.

Perceived stress scores were not significantly related to TL

but were positively correlated with all the negative mood

states (anxiety: r ¼ .52, p < .001; depression: r ¼ .48,

p < .001; anger: r ¼ .47, p < .001; fatigue: r ¼ .30, p < .01;

TMD: r ¼ .67, p < .001).

In regression models examining subscales of the TMD score

as predictors of TL as a continuous variable, only anxiety was

significantly related to TL. Subsequently, we fit a second

regression model to examine predictions of TL by anxiety

scores, controlling for PPT status (because of the possibility

of a confounding effect on mood) and age (because TL is

generally shorter with increasing age). The results of the

regression indicated that the three predictors explained 8.2%
of the variance in TL, R2¼ .082, F(3, 88) ¼ 2.63, p < .055. We

found that only anxiety predicted TL (b ¼ �.24, p < .02).

IL-6

The release of cytokines into the supernatant of ex vivo whole-

blood mitogen-stimulated cultures was only available for 59

women due to lab issues and inadequate volumes of blood

available for the assay for every visit. We analyzed the levels

of IL-6 from these cell cultures in the participants. IL-6 levels

were correlated with dysphoric moods (anxiety: r ¼ .32,

p < .009; anger: r ¼ �.4, p < .001; fatigue: r ¼ .26, p < 04;

TMD: r ¼ .36, p < .03) .There were no significant differences

in IL-6 release from ex vivo cultures between TPO negative

and positive women. We fit a regression model to examine

predictions of TL by IL-6, controlling for age. The results of

the regression indicated that the two predictors explained 8.2%
of the variance in TL, R2 ¼ .082, F(2, 59) ¼ 2.62, p < .08. Age

did not significantly predict TL (b ¼ �.18, p < .16). IL-6

marginally predicted TL (b ¼ �.29, p < .07).

Discussion

Many animal and human studies have shown relationships

among stress, depression, inflammation, senescence and age-

related disease, and shortened TL. However, the relationship

between postpartum moods and TL has not been studied. In a

study across pregnancy and the postpartum period, previous

researchers found that TL remained stable and was affected,

not by present conditions, but rather by childhood socioeco-

nomic factors and low social support (Mitchell, Kowalsky,

Epel, Lin, & Christian, 2018). We found in this preliminary

work that TL was related to anxiety mood scores in postpartum

women, controlling for PPT status and age. This finding is

interesting, as our study population was generally healthy, even

though some women had evidence of PPT with hypothyroid

symptoms (Groer & Jevitt, 2014; Groer & Vaughan, 2013).

Nevertheless, the sample was generally low on stress and mood

scores. The mean perceived stress score of 19.5 in the present

study is nearly identical with the mean score of women in a

normative sample similar to the one in this study (Cohen &

Williamson, 1988). A study of Australian mothers at the 2-

month postpartum time point found a much higher TMD score

of 16.5 (compared to the mean in the present study of 8.53) but

with a comparable anxiety score to that in our study (Cooklin

et al., 2018)

Most of the studies on telomeres and behavior or mood have

focused on clinically significant diagnosed disorders rather

than mood states. Mood states can be an indicator of underlying

psychiatric pathology. In a meta-analysis of psychological

stress, depression, and TL, authors found evidence for short-

ening in stress but lengthening in major depressive disorders

(Deng, Cheung, Tsao, Wang, & Tiwari, 2016). Likewise, in a

recent meta-analysis of TL and anxiety, authors found a small

but significant relationship between shortened telomeres and

anxiety (r ¼ �.06; Malouff & Schutte, 2017). Our hypothesis

regarding mood and TL in the present study was partially sup-

ported by the relationship we found between TL and anxiety.

Figure 1. Anxiety by tertiles of telomere length. POMS ¼ Profile of
Mood States; T/S ratio ¼ measure of telomere length.

Table 1. Profile of Mood States (POMS) and Perceived Stress Scale
Scores.

Variables n Minimum Maximum M SD

POMS anxiety 95 0.00 26.00 5.54 4.54
POMS depression 95 0.00 36.00 4.00 6.480
POMS anger 95 0.00 40.00 4.79 6.40
POMS vigor 95 0.00 28.00 16.1 6.74
POMS fatigue 95 0.00 26.00 5.31 4.94
POMS confusion 95 0.00 23.00 4.98 3.56
Total mood disturbance 95 �24.00 123.00 8.53 25.8
Perceived stress 94 3 38 19.5 7.56
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We also found a trend for a relationship between TL and

inflammation, when controlling for age. Specifically, our

finding in the present study of a marginal relationship between

IL-6, a proxy for inflammation, and shortening of TL suggests

a possible association between inflammation and TL. Telomere

shortening due to stress or psychological states, such as depres-

sion or anxiety, may be related to inflammatory and oxidative

processes. Inflammation is known to be associated with dys-

phoric moods and stress (Felger, 2018). Excessive or prolonged

inflammation leads to damage to the organism. Inflammation is

associated with telomere shortening, and the oxidative stress

associated with inflammation is a key factor implicated in dis-

eases of aging (Zhang et al., 2016). Telomeres have a large

number of guanines and thus are sensitive to oxidative damage,

which may result in cell aging and death due to DNA damage

(Saretzki, 2009). An interesting mechanistic hypothesis about

the association of shortened telomeres and aging is that

immune and inflammatory mechanisms involve a metabolic

cost to the organism that reduces the efficacy of processes that

maintain telomeres (Criscuolo et al., 2018). Also of interest are

the findings that, not only do senescent cells have shortened

telomeres, the transcription factor nuclear factor-kB is

overexpressed in cellular aging, leading to overproduction of

inflammatory cytokines such as tumor necrosis factor-a, IL-6,

and gamma interferon in circulating macrophages (Zhang et al.,

2016). Further exploration of postpartum inflammation and

TL is warranted.

Limitations

Limitations of the study include generally low self-reported

dysphoric mood and stress at the time of TL measurement in

the study population. A history of depression was an exclusion

criterion in the parent study, and this criterion may have

impacted the prevalence of dysphoric mood states and stress

in our sample because mothers with a history of depression are

more likely to have higher levels of stress and anxiety in the

postpartum period. While we did find that higher anxiety scores

were significantly associated with TL, the effect sizes of all

relationships with TL were small. Another key variable asso-

ciated with shortened telomeres is childhood trauma, and future

studies should include this important factor.

Conclusion

In summary, our cross-sectional study of 97 postpartum

women 2–4 months postpartum identified a significant rela-

tionship between TL and anxiety and a marginal relationship

between TL and IL-6. Trends in the mood scores were appar-

ent when we divided the TL data into tertiles. We found no

relationships with other dysphoric moods or stress. A larger

study of women with more significant and better character-

ized anxiety and depression is needed to determine the sig-

nificance of these findings. In the present study, effect sizes

were small, and multiple factors that are certainly involved in

telomere shortening were not included in the data available

from the parent study for these women (e.g., adverse child-

hood events, traumas).

The postpartum period is a vulnerable and unique time in a

woman’s life. The possibility of long-term effects of postpar-

tum states, events and moods on later disease or even longevity

requires further research in women with greater levels of mood

disturbance, stress, and postpartum depression. This research

has important implications for nursing, as providers can offer

interventions that address and improve many negative postpar-

tum issues, which not only affects the quality of life for women

and their infants in the postpartum period, it may also affect

later health and even longevity.
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