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Abstract: Little is known about the associations of inflammation and depression with telomere length.
Using data from the National Health and Nutrition Examination Survey (NHANES) 1999–2002, the
current study assessed the effects of inflammation and depression on telomere length in 1141 young
adults in the USA. Depression status was assessed from the World Health Organization Composite
International Diagnostic Interview and inflammation status was measured based on C-reactive
protein (CRP) concentrations. Information on telomere length was obtained using the quantitative
polymerase chain reaction method to measure telomere length relative to standard reference DNA
(T/S ratio). Unadjusted and adjusted linear and logistic regression models were used to assess the
relationship between the tertiles of CRP concentration and the telomere length stratified by the status
of depression such as major depression or depressed affect vs. no depression. The adjusted models
were controlled for age, family poverty income ratio, race/ethnicity, marital status, physical activity,
body mass index, and alcohol drinking status. A significant and decreasing linear trend in telomere
length was found as CRP levels increased in men, regardless of the depression status, and women
with major depression or depressed affect (p values < 0.05). Among men without depression, those
with an elevated CRP level had increased odds of having a shortened telomere length compared to
men with low CRP levels after controlling for covariates (adjusted odds ratio 1.77, 95% confidence
interval (CI) 1.09–2.90). In women, there was no association between CRP and telomere length,
regardless of the depression status. In conclusion, there was a significant and inverse association
between inflammation and telomere length according to the depression status in men but not in
women. The present findings may be of clinical significance for the monitoring of inflammation levels
and depression status as determinants of telomere length.

Keywords: inflammation; C-reactive protein; depression; telomere length; National Health and
Nutrition Examination Survey (NHANES)

1. Introduction

Telomeres are DNA-protein complexes composed of base pairs of TTAGGG repeats at the end of
linear chromosomal DNA [1], which protect the DNA from damage [2]. Telomeres shorten with cell
replication and cell division [3] and reflect cell turnover. In adults, shortened leukocyte telomere length
reflecting the different lengths of telomeres at the ends of the 23 chromosomes [4], has been suggested
as a robust biomarker related to biological aging [5–9]. Short telomere length has been associated with
increased risks for morbidity and mortality [10].
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One of the major proposed factors for shortened telomere length is mental health, specifically
the status of depression [11–15], although mixed findings on the relationship between depression and
telomere length have been reported in cross-sectional and prospective cohort studies [16–19]. In a
general Danish population study, short telomere length was not associated with an increased risk of
depression [19]. A large-scale population-based study demonstrated no association between telomere
length and depression, whereas a relatively small sample-based study reported an inverse relationship
between telomere length and depression. These inconsistent findings may be due to the presence of
chronic inflammation, which influences both depression and telomere length.

Depression is commonly associated with suicidal behavior and medical illnesses related to a
further enhanced suicide risk [20]. In particular, medical disorders have been identified as a significant
risk factor for both suicidal behavior and suicidal ideation, especially among depressed patients [20].
Short telomere length may be involved not only in depression but also in determining the increased
rate of both medical disorders and suicidality. Specifically, the existence of a previous mood disorder,
prior and current history of medical disorders, and cognitive impairment were reported to be the most
important risk factors for suicide.

Previous research on the mechanisms of telomere erosion identified inflammation as having an
important influence on telomere length [21,22]. In particular, chronic inflammation has been suggested
to influence overall cell turnover and is associated with a shorter telomere length [23] as well as an
increased risk for depression [24]. However, limited knowledge exists on the combined effects of
inflammation and depression on telomere length in young adults.

Therefore, in the present study, we hypothesized that there are different combined effects of
inflammation and depression status on telomere length in young adults in the USA. The aim of this
study was to investigate the interrelationships among inflammation, depression, and telomere length
using a nationally representative sample of adults in the USA.

2. Materials and Methods

2.1. Dataset

Data were obtained from the National Health and Nutrition Examination Survey (NHANES)
1999–2002 because telomere length data were only available for these specific years. All participants
aged 20 years and over had blood samples collected for DNA purification. Data on telomere
health and diagnosis of depression were available for 1292 adults. Of those, 151 participants
with missing information on education, marital status, family income ratio, and body mass index
(BMI) were excluded. The final analytic sample for this study was 1141 adults (496 men and
645 women). NHANES is a publicly available dataset that can be downloaded from the NHANES
website (http://www.cdc.gov/nchs/nhanes.htm). The NHANES protocols were approved for NHANES
1999–2002 by the National Center for Health Statistics Research ethics review board, written informed
consent was obtained for all participants [25], and additional Institutional Review Board approval for
the secondary analyses was not required for this study.

2.2. C-Reactive Protein

C-reactive protein (CRP) is an acute phase response to an infectious disease or other cause of
tissue damage and inflammation. CRP level was measured by latex-enhanced nephelometry [26].

2.3. Depression

In NHANES, three modules (generalized anxiety disorder, major depression, and panic disorder)
from the automated version of the World Health Organization Composite International Diagnostic
Interview, Version 2.1 (CIDI-Auto 2.1), assessed over the past 12 months, were administered during
the face-to-face portion of the Mobile Examination Center (MEC) interview. The CIDI is a fully
standardized interview according to the definitions and criteria of the 10th revision of the International
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Classification of Diseases (ICD) [27] and the fourth edition of the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) [28]. The instrument was administered
to a half-sample of participants aged from 20 to 39 years who had received a physical examination.

For the present study, information obtained from the CIDI was then categorized as (1) major
depression or depressed affect; or (2) no depression. Major depression was assessed based on the
diagnostic criteria of the ICD-10 and DSM-IV. Participants who had periods of feeling sad, depressed,
or empty for two weeks or longer but who did not meet the diagnostic criteria for major depression
were categorized as having a depressed affect.

2.4. Telomere Length

All participants aged 20 years and older examined in 1999–2000 or in 2001–2002 who had blood
collected for DNA purification were eligible. Blood samples were obtained from participants of the
NHANES surveys. A small portion of the blood samples was stored for later analysis of DNA samples.
The telomere length assay was performed in the laboratory of Dr. Elizabeth Blackburn at the University
of California, San Francisco, using the quantitative polymerase chain reaction (PCR) method to measure
telomere length relative to standard reference DNA (T/S ratio), as described in detail elsewhere [29,30].

The conversion from T/S ratio to base pairs was calculated based on a comparison of telomeric
restriction fragment (TRF) length from Southern blot analysis and T/S ratios using DNA samples from
the human diploid fibroblast cell line IMR90 at different population doublings [31].

2.5. Statistical Analyses

Descriptive statistics were used to assess the overall distribution of sociodemographic and lifestyle
factors by the tertiles of telomere length. Chi-square tests were used to detect differences in categorical
variables by the tertiles of CRP. One-way analysis of variance (ANOVA) was performed to examine the
differences in continuous variables by the tertiles of CRP. The geometric mean of telomere length was
calculated in relation to the tertiles of CRP. Testing for linear trends was conducted by assigning the
median values for telomere length to each tertile of CRP and indicating each tertile in the model with
recorded ordinal variables. Unadjusted and adjusted logistic regression models were used to assess the
relationship between CRP concentrations (≤0.2 vs. >0.2 mg/dL) and shortened telomere length stratified
by the depression status (no depression vs. major depression or depressed affect). Shortened telomere
length was defined as a telomere length less than the median value. Adjusted models were controlled
for age (continuous), family poverty income ratio (PIR) (continuous), race/ethnicity (Mexican-American
or other Hispanic, non-Hispanic white, non-Hispanic black, other race including multi-racial), marital
status (never married, married or living with partner, widowed/divorced/separated), physical activity
(0 metabolic equivalent (MET), 0–500 MET, 500–1000 MET, >1000 MET), and BMI (<25 vs. ≥25 kg/m2).
Because telomere length and CRP were skewed, the values were log-transformed. Linear regression
models were performed between log-transformed telomere length and log-transformed CRP according
to the depression status and sex.

In men, age, BMI, CRP, and marital status differed significantly according to the tertile of telomere
length (p values < 0.05). In women, age, family PIR, and alcohol status differed significantly by the
tertile of telomere length (p values < 0.05) (Table 1). Age, BMI, and CRP were highest in men in the
lowest tertile for telomere length. Age and family PIR were highest in women in the lowest tertile for
telomere length.

A significant and decreasing trend in telomere length was observed in men both with and without
depression as the CRP concentration moved from tertile 1 to tertile 3 (p values < 0.05). In women with
or without depression, a significantly decreasing trend in telomere length was also observed as the
CRP concentration moved from tertile 1 to tertile 3 (p values < 0.05) (Table 2).
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Table 1. Sociodemographic and lifestyle characteristics across the tertiles of telomere length.

Men Women

Telomere Length Telomere Length

Tertile 1 (n = 165) Tertile 2 (n = 166) Tertile 3 (n = 165) Tertile 1 (n = 215) Tertile 2 (n = 215) Tertile 3 (n = 215)

Mean (SEM) Mean (SEM) Mean (SEM) p Value Mean (SEM) Mean (SEM) Mean (SEM) p Value

Age 31.8 (0.5) 29.2 (0.6) 28.5 (0.6) <0.0001 31.3 (0.6) 29.5 (0.5) 28.9 (0.6) 0.0062
Family poverty income ratio 2.9 (0.2) 2.9 (0.2) 2.7 (0.1) 0.0925 2.9 (0.1) 2.8 (0.1) 2.2 (0.1) 0.0006

BMI (kg/m2) 28.4 (0.5) 27.7 (0.5) 25.6 (0.4) <0.0001 27.5 (0.7) 26.6 (0.6) 27.2 (0.5) 0.7436
C-reactive protein (mg/dL) 0.33 (0.04) 0.29 (0.04) 0.20 (0.03) 0.027 0.46 (0.07) 0.43 (0.03) 0.41 (0.05) 0.5535

n (Wt’d %) n (Wt’d %) n (Wt’d %) p value n (Wt’d %) n (Wt’d %) n (Wt’d %) p value

Race/Ethnicity
Mexican-American or other Hispanic 66 (19.4) 56 (16.1) 47 (13.2)

0.5876

69 (18.5) 78 (18.1) 56 (16.5)

0.8552
Non-Hispanic white 72 (68.2) 75 (68.0) 83 (73.0) 103 (68.0) 98 (67.8) 101 (65.3)
Non-Hispanic black 21 (7.0) 29 (9.9) 30 (9.7) 34 (9.9) 32 (10.6) 48 (14.9)

Other-including multi-racial 6 (5.5) 6 (6.0) 5 (4.1) 9 (3.6) 7 (3.5) 10 (3.3)

Education
≤11th grade 53 (21.6) 51 (21.1) 43 (17.8)

0.3973
54 (15.7) 50 (17.0) 49 (16.8)

0.9493High school grad/GED or equivalent 43 (28.5) 38 (25.6) 54 (35.2) 49 (27.4) 53 (24.3) 50 (23.3)
≥ Some college or associate’s degree 69 (49.9) 77 (53.3) 68 (47.0) 112 (56.9) 112 (58.8) 116 (59.9)

Marital status
Never married 38 (23.2) 75 (44.4) 74 (43.8)

0.0006
37 (20.4) 55 (28.5) 71 (36.3)

0.0623Married/living with partner 114 (69.4) 78 (47.3) 82 (50.7) 147 (65.5) 141 (61.3) 121 (51.5)
Widowed/divorced/ separated 13 (7.4) 13 (8.2) 9 (5.5) 31 (14.1) 19 (10.2) 23 (12.2)

Depression
Major depression or depressed affect 24 (13.7) 30 (19.0) 29 (15.2)

0.5171
40 (19.9) 35 (17.8) 37 (17.9)

0.924No 141 (86.3) 136 (81.0) 136 (84.8) 175 (80.1) 180 (82.2) 178 (82.1)

Physical activity
0 MET 64 (32.0) 55 (29.1) 49 (29.4)

0.5099

97 (37.0) 78 (28.5) 78 (25.3)

0.1379
0–500 MET 34 (24.3) 40 (22.1) 32 (17.2) 46 (22.4) 53 (23.5) 57 (30.3)

500–1000 MET 12 (7.6) 13 (7.3) 21 (12.4) 30 (17.1) 26 (12.9) 26 (14.2)
>1000 MET 55 (36.2) 58 (41.5) 63 (41.0) 42 (23.5) 58 (35.1) 54 (30.2)

Smoking status
Never 87 (51.7) 95 (58.1) 73 (43.7)

0.0637
135 (52.7) 143 (61.9) 135 (59.4)

0.4439Past 25 (14.9) 11 (7.1) 29 (16.9) 41 (18.2) 24 (11.8) 25 (9.8)
Current 53 (33.5) 60 (34.8) 63 (39.4) 39 (29.1) 48 (26.3) 55 (30.9)
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Table 1. Cont.

Men Women

Telomere Length Telomere Length

Tertile 1 (n = 165) Tertile 2 (n = 166) Tertile 3 (n = 165) Tertile 1 (n = 215) Tertile 2 (n = 215) Tertile 3 (n = 215)

Mean (SEM) Mean (SEM) Mean (SEM) p Value Mean (SEM) Mean (SEM) Mean (SEM) p Value

Alcohol status (n = 464 for men and n
= 576 for women)
Lifetime abstainer 10 (5.9) 15 (8.0) 13 (10.4)

NA

31 (11.5) 48 (17.5) 53 (26.8)

0.0142
Former drinker 5 (4.1) 0 (0.0) 1 (1.3) 10 (3.5) 5 (1.5) 4 (1.7)

Current drinker with moderate alcohol
consumption 59 (40.5) 55 (38.0) 48 (30.4) 60 (29.4) 45 (22.5) 44 (21.9)

Current drinker with above moderate
alcohol consumption 75 (49.5) 89 (54.0) 94 (57.9) 95 (55.6) 92 (58.5) 89 (49.6)

SEM: Standard error of the mean; NA: Not available; Wt’d %: Weighted %; GEM: General Education Development; MET: Metabolic equivalent.

Table 2. Geometric means of telomere lengths stratified by depression status and tertiles of C-reactive protein level by sex.

C-Reactive Protein (mg/dL)

Tertile 1 Tertile 2 Tertile 3 p-for-Trend

Geometric mean telomere length (SEM) Geometric mean telomere length (SEM) Geometric mean telomere length (SEM)

Men
No depression (n = 413) 1.15 (0.03) 1.12 (0.02) 1.04 (0.02) <0.0001

Major depression or
depressed affect (n = 83) 1.17 (0.06) 1.14 (0.04) 1.01 (0.04) <0.0001

Women
No depression (n = 533) 1.14 (0.04) 1.12 (0.02) 1.12 (0.03) 0.0074

Major depression or
depressed affect (n = 112) 1.15 (0.05) 1.06 (0.06) 1.07 (0.05) <0.0001

SEM: Standard error of the mean. p-for-trend was obtained by applying the median values of each tertile group.
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In the unadjusted models, men with CRP concentrations >0.2 mg/dL had increased odds of having
short telomere length compared to the odds in men with CRP concentrations ≤0.2 mg/dL (odds ratio
(OR) 2.24, 95% CI 1.39–3.59). In the adjusted model, the significant association between elevated CRP
concentration and short telomere length remained in men without depression (adjusted OR (AOR)
1.81, 95% CI 1.12–2.91). However, there was no significant association between depression status and
short telomere length in either men or women (Table 3).

Table 3. Independent effects of C-reactive protein and depression with short telomere length.

Men Women

C-Reactive Protein C-Reactive Protein

Short telomere length ≤0.2 mg/dL >0.2 mg/dL ≤0.2 mg/dL >0.2 mg/dL

Unadjusted model 1.00 (Ref.) 2.24 (1.39–3.59) 1.00 (Ref.) 1.16 (0.83–1.62)
Multivariable model * 1.00 (Ref.) 1.81 (1.12–2.91) 1.00 (Ref.) 1.02 (0.69–1.52)

Depression status Depression status

Short telomere length No depression Major depression
or depressed affect No depression Major depression

or depressed affect

Unadjusted model 1.00 (Ref.) 1.09 (0.71–1.67) 1.00 (Ref.) 0.94 (0.48–1.82)
Multivariable model * 1.00 (Ref.) 1.10 (0.72–1.66) 1.00 (Ref.) 0.74 (0.41–1.34)

* Adjusted for age (continuous), family poverty income ratio (continuous), race/ethnicity (Mexican-American or
other Hispanic, non-Hispanic white, non-Hispanic black, other race including multi-racial), marital status (never
married, married or living with partner, widowed/divorced/separated), physical activity (0 metabolic equivalent of
task (MET), 0–500 MET, 500–1000 MET, >1000 MET), BMI (<25 kg/m2 vs. ≥25 kg/m2), and alcohol drinking (none,
former drinker, current drinker). Shortened telomere length was defined as a telomere length less than the median
value of telomere length. Ref.: Reference.

The combined effects of CRP concentration and depression status on shortened telomere length
by sex were examined. Men without depression with elevated CRP concentration (>0.2 mg/dL) had
increased odds of having a shortened telomere length in both unadjusted and adjusted models (OR
2.16, 95% CI 1.37–3.39; AOR 1.77, 95% CI 1.09–2.90). In contrast, there was no significant association
between CRP concentration and telomere length in men with depression. No association was found
between CRP concentration and telomere length in women, regardless of the presence of depression
(Table 4).

Table 4. The combined effects of inflammation and depression status on shortened telomere length
by sex.

Short Telomere Length

Depression Status

Major Depression or Depressed Affect No Depression

C-Reactive Protein C-Reactive Protein

Men ≤0.2 mg/dL >0.2 mg/dL ≤0.2 mg/dL >0.2 mg/dL

Unadjusted model 1.00 (Ref.) 2.68 (0.81–8.84) 1.00 (Ref.) 2.16 (1.37–3.39)
Multivariable model * 1.00 (Ref.) 0.94 (0.22–4.01) 1.00 (Ref.) 1.77 (1.09–2.90)

Major depression or depressed affect No depression

C-reactive protein C-reactive protein

Women ≤0.2 mg/dL >0.2 mg/dL ≤0.2 mg/dL >0.2 mg/dL

Unadjusted model 1.00 (Ref.) 2.23 (0.97–5.11) 1.00 (Ref.) 1.01 (0.65–1.56)
Multivariable model * 1.00 (Ref.) 2.56 (0.76–8.61) 1.00 (Ref.) 0.87 (0.52–1.43)

* Adjusted for age (continuous), family poverty income ratio (continuous), race/ethnicity (Mexican-American or
other Hispanic, non-Hispanic white, non-Hispanic black, other race including multi-racial), marital status (never
married, married or living with partner, widowed/divorced/separated), physical activity (0 metabolic equivalent of
task (MET), 0–500 MET, 500–1000 MET, >1000 MET), BMI (<25 kg/m2 vs. ≥25 kg/m2), and alcohol drinking (none,
former drinker, current drinker). Shortened telomere length was defined as a telomere length less than the median
value of telomere length. Ref.: Reference.
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There was a significant and inverse linear association between log-transformed CRP concentration
and log-transformed telomere length in both men and women with major depression or depressed
affect (β = −0.05, p value = 0.045; β = −0.03, p value = 0.049, respectively). There was also a significant
and inverse association between log-transformed CRP concentration and log-transformed telomere
length in men without depression (β = −0.04, p value = 0.0005) but not in women without depression
(Figure 1).
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Figure 1. Linear regression models between log-transformed C-reactive protein and log-transformed
telomere length by sex and depression status. (A) Men with major depression or depressed affect;
(B) women with major depression or depressed affect; (C) men without depression; and (D) women
without depression.

3. Discussion

In the present study, we observed a significant association between elevated levels of inflammation
and shortened telomere length only in men without depression. We did not observe this relationship
in men with major depression or depressed affect or in women regardless of the depression status.
Consistent with our findings, Needham et al. [17] reported a lack of association between depression,
anxious symptomology, and telomere length in young adults across different racial and ethnic groups
using the NHANES 1999–2002. The authors indicated that the lack of association might have been due
to the fact that telomere length reflects biological aging in later life, rather than in the early stages of life.
This explanation can be applied to our findings of a lack of associations between CRP and telomere
length in both men and women with depression.

People become less resilient to stress because physiological aging may modify the responsivity
to stress [32,33]. Although the underlying mechanisms still need to be investigated, this might be
partially explained by the kynurenine pathway, which is part of tryptophan catabolism [34]. As the
kynurenine pathway is activated, tryptophan levels decrease, which may lead to depression [35] and
age-related neurodegenerative diseases [36]. This was also supported by a previous animal study
using female Wistar rats that indicated significant changes in the kynurenine pathway with increasing
age [37]. Furthermore, higher accumulation levels of damaged tissues and cells were observed in
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advanced age. Such oxidized proteins are more likely to be attacked by free radicals, and this may
contribute to oxidative stress [38]. Therefore, participants aged 20–39 years may be resilient to stress,
which was not indicated by shortened telomere length in our study.

In another study by Shaffer et al. [18], the authors suggested that the absence of an association
between concurrent depressive symptoms and telomere length may reflect the fact that leukocyte
telomere length is influenced by cumulative environmental factors over time, whereas assessments of
depressive symptoms generally focus on only the past 1–2 weeks. This explanation could also apply to
our study findings, since telomere length reflects a long period of time, whereas the survey assessed
depression status over the past 12 months.

In this study, a linear regression model revealed that telomere length decreased as CRP levels
increased in men, regardless of the depression status, and in women with major depression or depressed
affect, but not in women without depression. This illustrated an inverse linear relationship between
telomere length and inflammation in young adults in the USA, except for women without depression.
Similar results were observed for multivariable logistic analyses. Among men without depression,
those with higher levels of inflammation (CRP > 0.2 mg/dL) had increased odds of having shortened
telomere length compared to those in men with lower levels of inflammation (CRP ≤ 0.2 mg/dL).
In contrast, there was no association between CRP, depression status, and telomere length in women.

Contrasting findings to those of the present study could be partially explained by sex differences
due to hormonal responses, estrogen vs. testosterone, and antioxidant capacity [33,34] between men
and women. Testosterone increases susceptibility to oxidative stress [39], whereas estrogen has been
suggested to activate telomerase [40] and might provide protection to telomeres [41], antagonizing the
effect of telomere shortening during early stages of life [42]. In addition, previous studies reported
significant associations between fluctuations in estrogen levels and the risk of depression [43,44] and
decreased estrogen level in women experiencing depression [45]. While estrogen may have telomere
protection activity among women without depression, this may not have been the case in the women
with major depression or depressed affect in the current study. The present study has several strengths
and limitations. Firstly, this study used a racially diverse and nationally representative sample of young
adults in the USA; thus, the findings may be generalizable to the young adult population in the USA.
Depression was assessed using the CIDI, a reliable and structured instrument [46]. The study controlled
for important confounders including age, family PIR, race/ethnicity, marital status, physical activity,
and BMI. Despite the strengths of this study, there are also limitations. Telomere length was measured in
leukocytes, which did not reflect telomere length in other cells or tissues. Furthermore, no measurement
of telomerase activity was available in this study. High telomerase activity with short telomere length
has been associated with distress in early life and impaired psychosocial resources [42]. Lastly, this
research was limited by its cross-sectional design and subsequent inability to address questions of
causality regarding how the depression status influences the association between inflammation and
telomere length. Future research is warranted to provide insights into the associations between
depression, inflammation, and telomere shortening through prospective cohort studies.

In conclusion, there was a significant and inverse linear association between inflammation and
telomere length in men with and without depression and women with depression. The associations of
inflammation and depression with telomere length differed by sex in young adults in the USA. Among
men without depression, those with an elevated CRP level had increased odds of having a shortened
telomere length compared to men with low CRP levels after controlling for covariates. Finally, in
women, there was no association between CRP and telomere length, regardless of the depression
status. The present findings may be of clinical significance for the monitoring of inflammation levels
and depression status as determinants of telomere length.

Author Contributions: Conceptualization: D.S.; Methodology: D.S.; Investigation: J.S.; Data curation: D.S. and
J.S.; Formal analysis: D.S.; Data interpretation: D.S., J.S., and K.W.L.; Supervision: K.W.L.; Writing—original draft:
D.S.; and Writing—review and editing: D.S., J.S., and K.W.L.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2019, 8, 711 9 of 11

References

1. Moyzis, R.K.; Buckingham, J.M.; Cram, L.S.; Dani, M.; Deaven, L.L.; Jones, M.D.; Meyne, J.; Ratliff, R.L.;
Wu, J.R. A highly conserved repetitive DNA sequence, (TTAGGG)n, present at the telomeres of human
chromosomes. Proc. Natl. Acad. Sci. USA 1988, 85, 6622–6626. [CrossRef]

2. Verdun, R.E.; Karlseder, J. The DNA damage machinery and homologous recombination pathway act
consecutively to protect human telomeres. Cell 2006, 127, 709–720. [CrossRef] [PubMed]

3. Rajaraman, S.; Choi, J.; Cheung, P.; Beaudry, V.; Moore, H.; Artandi, S.E. Telomere uncapping in progenitor
cells with critical telomere shortening is coupled to S-phase progression in vivo. Proc. Natl. Acad. Sci. USA
2007, 104, 17747–17752. [CrossRef]

4. Toupance, S.; Villemonais, D.; Germain, D.; Gegout-Petit, A.; Albuisson, E.; Benetos, A. The individual’s
signature of telomere length distribution. Sci. Rep. 2019, 9, 685. [CrossRef] [PubMed]

5. Harley, C.B.; Futcher, A.B.; Greider, C.W. Telomeres shorten during ageing of human fibroblasts. Nature 1990,
345, 458–460. [CrossRef]

6. Butler, R.N.; Sprott, R.; Warner, H.; Bland, J.; Feuers, R.; Forster, M.; Fillit, H.; Harman, S.M.; Hewitt, M.;
Hyman, M.; et al. Biomarkers of aging: From primitive organisms to humans. J. Gerontol. A Biol. Sci. Med. Sci.
2004, 59, B560–B567. [CrossRef] [PubMed]

7. Guralnik, J.M. Successful aging: Is it in our future? Arch. Intern. Med. 2008, 168, 131–132. [CrossRef]
8. Koppelstaetter, C.; Kern, G.; Mayer, G. Biomarkers of aging with prognostic and predictive value in

non-oncological diseases. Curr. Med. Chem. 2009, 16, 3469–3475. [CrossRef] [PubMed]
9. von Zglinicki, T.; Serra, V.; Lorenz, M.; Saretzki, G.; Lenzen-Grossimlighaus, R.; Gessner, R.; Risch, A.;

Steinhagen-Thiessen, E. Short telomeres in patients with vascular dementia: An indicator of low antioxidative
capacity and a possible risk factor? Lab. Investig. 2000, 80, 1739–1747. [CrossRef]

10. Zhu, H.; Belcher, M.; van der Harst, P. Healthy aging and disease: Role for telomere biology? Clin. Sci. 2011,
120, 427–440. [CrossRef] [PubMed]

11. Simon, N.M.; Smoller, J.W.; McNamara, K.L.; Maser, R.S.; Zalta, A.K.; Pollack, M.H.; Nierenberg, A.A.;
Fava, M.; Wong, K.K. Telomere shortening and mood disorders: Preliminary support for a chronic stress
model of accelerated aging. Biol. Psychiatry 2006, 60, 432–435. [CrossRef]

12. Hartmann, N.; Boehner, M.; Groenen, F.; Kalb, R. Telomere length of patients with major depression is
shortened but independent from therapy and severity of the disease. Depress. Anxiety 2010, 27, 1111–1116.
[CrossRef]

13. Hoen, P.W.; de Jonge, P.; Na, B.Y.; Farzaneh-Far, R.; Epel, E.; Lin, J.; Blackburn, E.; Whooley, M.A. Depression
and leukocyte telomere length in patients with coronary heart disease: Data from the Heart and Soul Study.
Psychosom. Med. 2011, 73, 541–547. [CrossRef]

14. Wikgren, M.; Maripuu, M.; Karlsson, T.; Nordfjall, K.; Bergdahl, J.; Hultdin, J.; Del-Favero, J.; Roos, G.;
Nilsson, L.G.; Adolfsson, R.; et al. Short telomeres in depression and the general population are associated
with a hypocortisolemic state. Biol. Psychiatry 2012, 71, 294–300. [CrossRef] [PubMed]

15. Karabatsiakis, A.; Kolassa, I.T.; Kolassa, S.; Rudolph, K.L.; Dietrich, D.E. Telomere shortening in leukocyte
subpopulations in depression. BMC Psychiatry 2014, 14, 192. [CrossRef] [PubMed]

16. Ladwig, K.H.; Brockhaus, A.C.; Baumert, J.; Lukaschek, K.; Emeny, R.T.; Kruse, J.; Codd, V.; Hafner, S.;
Albrecht, E.; Illig, T.; et al. Posttraumatic stress disorder and not depression is associated with shorter
leukocyte telomere length: Findings from 3 000 participants in the population-based KORA F4 study.
PLoS ONE 2013, 8, e64762. [CrossRef] [PubMed]

17. Needham, B.L.; Mezuk, B.; Bareis, N.; Lin, J.; Blackburn, E.H.; Epel, E.S. Depression, anxiety and telomere
length in young adults: Evidence from the National Health and Nutrition Examination Survey. Mol. Psychiatry
2015, 20, 520–528. [CrossRef] [PubMed]

18. Shaffer, J.A.; Epel, E.; Kang, M.S.; Ye, S.; Schwartz, J.E.; Davidson, K.W.; Kirkland, S.; Honig, L.S.; Shimbo, D.
Depressive symptoms are not associated with leukocyte telomere length: Findings from the Nova Scotia
Health Survey (NSHS95), a population-based study. PLoS ONE 2012, 7, e48318. [CrossRef]

19. Wium-Andersen, M.K.; Orsted, D.D.; Rode, L.; Bojesen, S.E.; Nordestgaard, B.G. Telomere length and
depression: Prospective cohort study and Mendelian randomisation study in 67 306 individuals. Br. J. Psychiatry
2017, 210, 31–38. [CrossRef] [PubMed]

http://dx.doi.org/10.1073/pnas.85.18.6622
http://dx.doi.org/10.1016/j.cell.2006.09.034
http://www.ncbi.nlm.nih.gov/pubmed/17110331
http://dx.doi.org/10.1073/pnas.0706485104
http://dx.doi.org/10.1038/s41598-018-36756-8
http://www.ncbi.nlm.nih.gov/pubmed/30679552
http://dx.doi.org/10.1038/345458a0
http://dx.doi.org/10.1093/gerona/59.6.B560
http://www.ncbi.nlm.nih.gov/pubmed/15215265
http://dx.doi.org/10.1001/archinternmed.2007.11
http://dx.doi.org/10.2174/092986709789057644
http://www.ncbi.nlm.nih.gov/pubmed/19548863
http://dx.doi.org/10.1038/labinvest.3780184
http://dx.doi.org/10.1042/CS20100385
http://www.ncbi.nlm.nih.gov/pubmed/21271986
http://dx.doi.org/10.1016/j.biopsych.2006.02.004
http://dx.doi.org/10.1002/da.20749
http://dx.doi.org/10.1097/PSY.0b013e31821b1f6e
http://dx.doi.org/10.1016/j.biopsych.2011.09.015
http://www.ncbi.nlm.nih.gov/pubmed/22055018
http://dx.doi.org/10.1186/1471-244X-14-192
http://www.ncbi.nlm.nih.gov/pubmed/24996455
http://dx.doi.org/10.1371/journal.pone.0064762
http://www.ncbi.nlm.nih.gov/pubmed/23843935
http://dx.doi.org/10.1038/mp.2014.89
http://www.ncbi.nlm.nih.gov/pubmed/25178165
http://dx.doi.org/10.1371/journal.pone.0048318
http://dx.doi.org/10.1192/bjp.bp.115.178798
http://www.ncbi.nlm.nih.gov/pubmed/27810892


J. Clin. Med. 2019, 8, 711 10 of 11

20. Pompili, M.; Venturini, P.; Lamis, D.A.; Giordano, G.; Serafini, G.; Belvederi Murri, M.; Amore, M.; Girardi, P.
Suicide in stroke survivors: Epidemiology and prevention. Drugs Aging 2015, 32, 21–29. [CrossRef]

21. O’Donovan, A.; Pantell, M.S.; Puterman, E.; Dhabhar, F.S.; Blackburn, E.H.; Yaffe, K.; Cawthon, R.M.;
Opresko, P.L.; Hsueh, W.C.; Satterfield, S.; et al. Cumulative inflammatory load is associated with short
leukocyte telomere length in the Health, Aging and Body Composition Study. PLoS ONE 2011, 6, e19687.
[CrossRef]

22. Shiels, P.G.; McGlynn, L.M.; MacIntyre, A.; Johnson, P.C.; Batty, G.D.; Burns, H.; Cavanagh, J.; Deans, K.A.;
Ford, I.; McConnachie, A. Accelerated telomere attrition is associated with relative household income, diet
and inflammation in the pSoBid cohort. PLoS ONE 2011, 6, e22521. [CrossRef]

23. Wolkowitz, O.M.; Mellon, S.H.; Epel, E.S.; Lin, J.; Dhabhar, F.S.; Su, Y.; Reus, V.I.; Rosser, R.; Burke, H.M.;
Kupferman, E.; et al. Leukocyte telomere length in major depression: Correlations with chronicity,
inflammation and oxidative stress—Preliminary findings. PLoS ONE 2011, 6, e17837. [CrossRef] [PubMed]

24. Dantzer, R.; O’Connor, J.C.; Freund, G.G.; Johnson, R.W.; Kelley, K.W. From inflammation to sickness and
depression: When the immune system subjugates the brain. Nat. Rev. Neurosci. 2008, 9, 46–56. [CrossRef]
[PubMed]

25. Centers for Disease Control and Prevention (CDC). NCHS Research Ethics Review Board (ERB) Approval.
Available online: https://www.cdc.gov/nchs/nhanes/irba98.htm (accessed on 10 January 2019).

26. Centers for Disease Control and Prevention. National Health and Nutrition Examination Survey
1999–2000 Data Documentation, Codebook, and Frequencies: C-Reactive Protein (CRP) (LAB11). Available
online: https://wwwn.cdc.gov/Nchs/Nhanes/1999-2000/LAB11.htm#Component_Description (accessed on 13
November 2018).

27. World Health Organization. The ICD-10 Classification of Mental and Behavioural Disorders: Clinical
Descriptions and Diagnostic Guidelines. 1992. Available online: https://apps.who.int/iris/handle/10665/37958
(accessed on 13 November 2018).

28. Kessler, R.C.; Andrews, G.; Mroczek, D.; Ustun, B.; Wittchen, H.U. The World Health Organization Composite
International Diagnostic Interview Short-Form (CIDI-SF). Int. J. Methods Psychiatr. Res. 1998, 7, 171–185.
[CrossRef]

29. Needham, B.L.; Adler, N.; Gregorich, S.; Rehkopf, D.; Lin, J.; Blackburn, E.H.; Epel, E.S. Socioeconomic status,
health behavior, and leukocyte telomere length in the National Health and Nutrition Examination Survey,
1999–2002. Soc. Sci. Med. 2013, 85, 1–8. [CrossRef]

30. Cawthon, R.M. Telomere measurement by quantitative PCR. Nucleic Acids Res. 2002, 30, e47. [CrossRef]
[PubMed]

31. Centers for Disease Control and Prevention. National Health and Nutrition Examination Survey 1999-2000
Data Documentation, Codebook, and Frequencies: Telomere Mean and Standard Deviation (Surplus)
(TELO_A). Available online: https://wwwn.cdc.gov/nchs/nhanes/1999-2000/TELO_A.htm (accessed on 20
March 2019).

32. Seeman, T.E.; McEwen, B.S.; Rowe, J.W.; Singer, B.H. Allostatic load as a marker of cumulative biological
risk: MacArthur studies of successful aging. Proc. Natl. Acad. Sci. USA 2001, 98, 4770–4775. [CrossRef]

33. Lavretsky, H.; Newhouse, P.A. Stress, inflammation, and aging. Am. J. Geriatr. Psychiatry 2012, 20, 729–733.
[CrossRef] [PubMed]

34. Bender, D.A. Biochemistry of tryptophan in health and disease. Mol. Aspects Med. 1983, 6, 101–197. [CrossRef]
35. Myint, A.M.; Kim, Y.K.; Verkerk, R.; Scharpe, S.; Steinbusch, H.; Leonard, B. Kynurenine pathway in major

depression: Evidence of impaired neuroprotection. J. Affect Disord. 2007, 98, 143–151. [CrossRef]
36. Lovelace, M.D.; Varney, B.; Sundaram, G.; Lennon, M.J.; Lim, C.K.; Jacobs, K.; Guillemin, G.J.; Brew, B.J.

Recent evidence for an expanded role of the kynurenine pathway of tryptophan metabolism in neurological
diseases. Neuropharmacology 2017, 112, 373–388. [CrossRef]

37. Braidy, N.; Guillemin, G.J.; Mansour, H.; Chan-Ling, T.; Grant, R. Changes in kynurenine pathway metabolism
in the brain, liver and kidney of aged female Wistar rats. FEBS J. 2011, 278, 4425–4434. [CrossRef]

38. Khansari, N.; Shakiba, Y.; Mahmoudi, M. Chronic inflammation and oxidative stress as a major cause of
age-related diseases and cancer. Recent Pat. Inflamm. Allergy Drug Discov. 2009, 3, 73–80. [CrossRef]

39. Alonso-Alvarez, C.; Bertrand, S.; Faivre, B.; Chastel, O.; Sorci, G. Testosterone and oxidative stress: The
oxidation handicap hypothesis. Proc.Biol. Sci. 2007, 274, 819–825. [CrossRef]

http://dx.doi.org/10.1007/s40266-014-0233-x
http://dx.doi.org/10.1371/journal.pone.0019687
http://dx.doi.org/10.1371/journal.pone.0022521
http://dx.doi.org/10.1371/journal.pone.0017837
http://www.ncbi.nlm.nih.gov/pubmed/21448457
http://dx.doi.org/10.1038/nrn2297
http://www.ncbi.nlm.nih.gov/pubmed/18073775
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://wwwn.cdc.gov/Nchs/Nhanes/1999-2000/LAB11.htm#Component_Description
https://apps.who.int/iris/handle/10665/37958
http://dx.doi.org/10.1002/mpr.47
http://dx.doi.org/10.1016/j.socscimed.2013.02.023
http://dx.doi.org/10.1093/nar/30.10.e47
http://www.ncbi.nlm.nih.gov/pubmed/12000852
https://wwwn.cdc.gov/nchs/nhanes/1999-2000/TELO_A.htm
http://dx.doi.org/10.1073/pnas.081072698
http://dx.doi.org/10.1097/JGP.0b013e31826573cf
http://www.ncbi.nlm.nih.gov/pubmed/22874577
http://dx.doi.org/10.1016/0098-2997(83)90005-5
http://dx.doi.org/10.1016/j.jad.2006.07.013
http://dx.doi.org/10.1016/j.neuropharm.2016.03.024
http://dx.doi.org/10.1111/j.1742-4658.2011.08366.x
http://dx.doi.org/10.2174/187221309787158371
http://dx.doi.org/10.1098/rspb.2006.3764


J. Clin. Med. 2019, 8, 711 11 of 11

40. Kyo, S.; Takakura, M.; Kanaya, T.; Zhuo, W.; Fujimoto, K.; Nishio, Y.; Orimo, A.; Inoue, M. Estrogen activates
telomerase. Cancer Res. 1999, 59, 5917–5921.

41. Viña, J.; Sastre, J.; Pallardo, F.; Gambini, J.; Borras, C. Role of mitochondrial oxidative stress to explain the
different longevity between genders: Protective effect of estrogens. Free Radic. Res. 2006, 40, 1359–1365.
[CrossRef]

42. Zalli, A.; Carvalho, L.A.; Lin, J.; Hamer, M.; Erusalimsky, J.D.; Blackburn, E.H.; Steptoe, A. Shorter telomeres
with high telomerase activity are associated with raised allostatic load and impoverished psychosocial
resources. Proc. Natl. Acad. Sci. USA 2014, 111, 4519–4524. [CrossRef]

43. Schmidt, P.J.; Ben Dor, R.; Martinez, P.E.; Guerrieri, G.M.; Harsh, V.L.; Thompson, K.; Koziol, D.E.;
Nieman, L.K.; Rubinow, D.R. Effects of Estradiol Withdrawal on Mood in Women With Past Perimenopausal
Depression: A Randomized Clinical Trial. JAMA Psychiatry 2015, 72, 714–726. [CrossRef]

44. Shors, T.J.; Leuner, B. Estrogen-mediated effects on depression and memory formation in females.
J. Affect. Disord. 2003, 74, 85–96. [CrossRef]

45. Keyes, K.M.; Cheslack-Postava, K.; Westhoff, C.; Heim, C.M.; Haloossim, M.; Walsh, K.; Koenen, K.
Association of hormonal contraceptive use with reduced levels of depressive symptoms: A national study of
sexually active women in the United States. Am. J. Epidemiol. 2013, 178, 1378–1388. [CrossRef]

46. Eaton, W.W.; Hall, A.L.; Macdonald, R.; Mckibben, J. Case identification in psychiatric epidemiology: A
review. Int. Rev. Psychiatry 2007, 19, 497–507. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1080/10715760600952851
http://dx.doi.org/10.1073/pnas.1322145111
http://dx.doi.org/10.1001/jamapsychiatry.2015.0111
http://dx.doi.org/10.1016/S0165-0327(02)00428-7
http://dx.doi.org/10.1093/aje/kwt188
http://dx.doi.org/10.1080/09540260701564906
http://www.ncbi.nlm.nih.gov/pubmed/17896230
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Dataset 
	C-Reactive Protein 
	Depression 
	Telomere Length 
	Statistical Analyses 

	Discussion 
	References

