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Purpose: In aging adults, mitochondrial dysfunction may be an important contributor. We 

evaluated the association between mitochondrial DNA (mtDNA) copy number, which is a 

biomarker for mitochondrial function, and self-rated health status.

Patients and methods: We conducted a cross-sectional study of patients enrolled within 

the Mayo Clinic Biobank. We utilized the questionnaire and sequence data from 944 patients. 

We examined the association between mtDNA copy number and self-rated health status with 

3 collapsed categories for the latter variable (excellent/very good, good, and fair/poor). For 

analysis, we used proportional odds models after log-transforming mtDNA copy number, and 

we adjusted for age and sex. 

Results: We found the median age at enrollment was 61 years (25th–75th percentile: 51–71), 

and 64% reported excellent or very good health, 31% reported good health, and 6% reported 

fair/poor health. Overall, the median mtDNA copy number was 88.9 (25th–75th percentile: 

77.6–101.1). Higher mtDNA copy number was found for subjects reporting better self-rated 

health status after adjusting for age, sex, and comorbidity burden (OR =2.3 [95% CI: 1.2–4.5] for 

having better self-rated health for a one-unit increase in log-transformed mtDNA copy number). 

Conclusion: We found that a higher mtDNA copy number is associated with better self-rated 

health status after adjustment for age, sex, and comorbidity burden. The current study implies 

that mtDNA copy number may serve as a biomarker for self-reported health. Further studies, 

potentially including cohort studies, may be required.
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Introduction
Patient-reported outcomes and self-rated health are important predictors for many 

adverse health outcomes including mortality.1 Participants with worse self-rated 

physical health have had a higher risk of hospitalization.2 Poor self-rated health is 

also associated with all-cause and cardiovascular-related mortality.3 Despite the 

association between self-rated health and adverse health outcomes, self-rated general 

health can be viewed to be subjective. The relationship between self-rated outcomes 

and biomarkers is less clear and an area for potential investigation. In some initial 

studies, there appeared to be a graded relationship between poor self-rated health and 

higher white blood cell count, lower hemoglobin count, and higher creatinine levels.4 

Poor self-rated health has also been associated with elevated levels of interleukin 6 

and C-reactive protein, immune-related biomarkers, in healthy older adults.5 Dantzer 

and Walker suggested that inflammation may serve as a biological mechanism for an 

exacerbation of sickness in physically ill people by regulating symptoms of sickness 
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(e.g., pain, fatigue, and decreased social and physical activ-

ity), which leads to depression and subsequently affects the 

quality of life including self-rated health. 6 Thus, self-rated 

health may reflect biological changes.

The role of the mitochondria has been receiving increas-

ing attention in various health-related research supported by 

substantial evidence of a causative link between mitochon-

drial dysfunction and aging and health outcomes.7 Addi-

tionally, it is suggested that the link between inflammation 

and health conditions may be modulated by mitochondrial 

dysfunction.8–11 Since mitochondrial function is regulated 

by both the nuclear and mitochondrial genomes, it has been 

proposed that variation in mitochondrial DNA (mtDNA), 

an understudied human genome compared to the nuclear 

genome, may also play an important role in these health 

conditions.12 Additionally, mtDNA mutations are accumu-

lated over a lifetime with several risk factors associated with 

adverse outcomes, such as smoking exposure, leading to a 

faster accumulation rate.13 mtDNA copy number has been 

suggested to be a link between risk factors and health out-

comes. For example, the association between smoking and 

lung cancer may be explained by changes in mtDNA copy 

numbers, due to increased oxidative stress and increased 

somatic mtDNA mutations caused by smoking, which leads 

to mitochondrial dysfunction.14 

There are few studies that examine the correlation 

between mtDNA contents and quality of life (e.g., self-rated 

overall health). To the best of our knowledge, there is only 

one study regarding an association between mtDNA copy 

number and self-rated general health which showed that 

higher mtDNA copy number in blood cells is associated with 

better overall health among elderly individuals.14 That study 

showed no sex difference in terms of mtDNA copy number. 

This finding is in conflict with another study reporting that 

mtDNA copy number was significantly higher in women.15 

In addition, the age relationship has been inconclusive. The 

authors of the former study reported that a decline in mtDNA 

was not observed until the age of 48 years.14 Other researchers 

have reported that mtDNA copy number slightly increased 

until the fifth decade of life and declined in older subjects.15 

Thus, there appears to be some disagreement regarding the 

relationship between mtDNA copy number and basic demo-

graphics as well as self-rated health. 

In the current study, we aimed to assess whether mtDNA 

copy number was associated with self-rated overall health, 

independent of basic demographic characteristics. Because 

mitochondrial dysfunction is observed in numerous chronic 

diseases and linked with other non-specific symptoms (e.g., 

excessive fatigue) that are common in nearly all chronic 

diseases,16 we hypothesized that mtDNA copy number, a 

biomarker for mitochondrial dysfunction, would be associ-

ated with self-rated health status. 

Patients and methods
study design and participants 
This was a cross-sectional study of patients enrolled in the 

Mayo Clinic Biobank (MCB) for whom whole genome 

sequencing (WGS) data were available along with self-

reported questionnaires completed at enrollment which 

included self-rated general health. Participants were patients 

receiving continuous medical care at Mayo Clinic. Among 

those enrolled as of March 30, 2018, 1000 MCB participants 

were selected based on sex-stratified random sampling 

approach (i.e., 500/500 males/females) for a WGS experi-

ment. The governance and specifics of the biobank have been 

noted previously.17 Participants were excluded if they with-

drew consent from the biobank. Patients provided written 

consent for use of their biological samples, questionnaire 

data, and electronic medical record data as part of enrollment 

within the biobank.18 The study was reviewed and approved 

by the Mayo Clinic Institutional Review Board and Mayo 

Clinic Biobank Access committee. 

WGs experiment and bioinformatics 
Extracted DNA from peripheral blood samples was sequenced 

on the Illumina HiSeq X10 with 150 bp paired end reads and 

a target average read depth of 30×. Comprehensive bioinfor-

matics analysis was performed for read alignment to the hg38 

genome, variant calling, and annotation. Extensive sample 

quality controls were performed, including sample contamina-

tion and relatedness check. Estimates of sample contamination 

were obtained using the VerifyBamID sequence-only method 

with the 1000 genomes array reference.19 Samples with high 

contamination score (FREEMIX ≥ 0.04) were excluded.34 The 

relatedness of each pair of subjects was evaluated by estimat-

ing the kinship coefficient using the KING-robust procedure,20 

as implemented in the R package SNPRelate.21 Among the 

pairs of first- or second-degree relatives, those with lower 

call rates were excluded. To identify reads associated with 

mtDNA, the revised Cambridge Reference Sequence22 was 

used for alignment, and basic quality filtering was applied 

before single nucleotide variant calling. 

Measurement of mtDnA contents 
Once both autosomal and mtDNA sequence reads were 

aligned, average sequencing coverage was compared to 
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 quantify mtDNA copy number, which was defined as the 

relative abundance of mtDNA compared to autosomal DNA 

(i.e., 2 times mtDNA average coverage, divided by autosomal 

DNA average coverage).23 In addition, mitochondrial hap-

logroups were estimated using HaploGrep.24 Major European 

haplogroups were collapsed into 5 groups (HV [including HV, 

H, and V], J, T, K, U-K [U haplogroups excluding K subclade], 

and other European haplogroups). All non-European hap-

logroups were combined (i.e., non-European haplogroups). 

Correlates 
The primary variable of interest was self-rated health as noted 

on the initial questionnaire upon entry into the biobank. The 

questionnaire listed 5 categories of self-rated health as poor, 

fair, good, very good, and excellent. We reported 3 catego-

ries of self-rated health as poor/fair, good, and very good/

excellent. The other variables included age, sex, education 

attainment, alcohol consumption, smoking status, body mass 

index (BMI), and number of comorbidities. Age, sex, BMI, 

and the number of comorbidities were obtained from patients’ 

electronic medical record. The number of comorbidities at 

the time of sample collection was calculated by counting 20 

selected chronic conditions recommended by the US Depart-

ment of Health and Human Services.25 Other variables were 

collected from self-reported questionnaires: education attain-

ment (high school or less, some college, college graduate, 

or graduate/professional degree), alcohol use (never, once 

a month, 2–4 times a month, 2–5 times a week, >6 times a 

week), and tobacco use (ever vs never). 

statistical analysis 
Basic demographic characteristics and mitochondrial content 

information (mtDNA copy number and mitochondrial hap-

logroups) were presented using summary statistics, for the 

overall cohort as well as ones stratified by perceived general 

health (poor/fair, good, very good/excellent). Univariately, 

each variable (including self-rated general health and mtDNA 

copy number) was first tested using proportional odds mod-

els for association with mtDNA copy number. The primary 

analysis was to test association between mtDNA copy number 

(log-transformed) and self-rated health, adjusting for age (in 

quadratic spline) and sex. Additional analysis was performed 

after adding other pertinent variables such as the number 

of comorbidities and BMI. As a secondary analysis, multi-

variable analysis was also performed to determine whether 

self-rated general health was independently associated with 

mtDNA copy number, adjusting for all the variables that 

were univariately associated (P<0.05) with self-rated health. 

Results
sample description 
A total of 944 participants had both WGS and questionnaire 

data. Of those, 601 (64%) patients had excellent or very 

good self-rated health compared to 287 (30%) with good 

health and 54 (5.7%) with fair/poor health. The median age 

of the overall sample was 60.5 years (25th–75th percentiles: 

51.0–71.0) and 470 (50%) were female. In the study cohorts, 

82% had some college or higher education. For mtDNA 

characteristics, the median mtDNA copy number was 88.9 

(25th–75th percentiles: 77.6–101.1). The most common 

mitochondrial haplogroup for the overall cohort was HV 

with 467 (49.4%) patients, while 98% of them belonged to 

European haplogroups (Table 1).

Association between subject 
characteristics and self-rated general 
health 
Univariately, younger age, female sex, lower BMI, higher 

education level, non-smokers, alcohol consumption, and 

lower comorbidity burden were associated with better self-

rated health (Table 1 and Figure 1). Overall, higher mtDNA 

copy number was associated with better self-rated health, 

while mitochondrial haplogroups were not associated 

(Table 1). Women and younger participants overall tended 

to have higher mtDNA copy numbers, while the number in 

women remained relatively stable until they reached their 

60s (Figure 2). Adjusting for age (in a quadratic form) and 

sex, higher mtDNA copy number was observed with sub-

jects reporting better self-rated health status (Table 2). The 

association remained significant, after adjusting for age, 

sex, and comorbidity burden (OR =2.3 [95% CI: 1.2–4.5] 

for having better self-rated health for a one-unit increase in 

log-transformed mtDNA copy number). A similar associa-

tion was observed in the model after adjusting for BMI (OR 

=2.01 [95% CI: 1.00–4.09]). After adjusting for all the vari-

ables univariately, the association was no longer significant 

(P=0.14), potentially due to the lack of statistical power 

and the interrelationship among some of the demographic 

variables (e.g., alcohol consumption), mtDNA copy number, 

and self-rated health. 

Discussion
In this study of 956 participants, we found that patients with 

higher mtDNA copy number in peripheral blood had better 

self-rated health independent of age. We also found that older 

patients had lower mtDNA copy numbers. Lastly, we found 
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that men had lower mtDNA copy numbers than women. These 

findings are unique and differ from previous studies. These 

findings should continue to add to our understanding of the 

relationship of mtDNA copy number to self-rated health as 

well as the ongoing work on mtDNA and age and gender. 

There has been limited previous work in determining 

the relationship between self-rated health and mtDNA copy 

number. In one previous study, 1067 combined peripheral 

blood samples were examined for such an association.14 The 

authors found a positive association between better self-

rated health and higher mtDNA copy numbers. 14 Our study 

provides further evidence of the relationship between lower 

self-rated health and lower mtDNA copy number. 

In addition to this main finding, we found that older age 

was associated with lower mtDNA copy number. The rela-

tionship between age and mtDNA copy number depended 

upon the patient’s sex. Previous studies, looking at different 

tissue types, also showed an age-related decline in mtDNA 

copy number.26 In 3 generations of women in 18 different 

families, there appeared to be a decline in mtDNA copy 

number with advancing age.27 In the Danish study described 

earlier, after 48 years of age, there appeared to be 5.4 fewer 

mtDNA copies per decade.14 Some studies have shown dif-

ferent variations in mtDNA copy number above the age of 

90 years.28 The role of sex and mtDNA copy number differs 

in our study from previous studies. We found that men had 

a lower copy number than women. In the Danish study, there 

was no difference in peripheral blood mtDNA copy number 

between men and women.14 To account for the association 

we found, we adjusted the final model for both age and sex.

Biologically and clinically, there is importance to this work. 

Biologically, the changes in the number of the mitochondria 

DNA with age may reflect an increase in both inflammation and 

oxidative stress.29 In a study of 146 healthy men and women, a 

reduction in mtDNA number in muscle was associated with an 

increase in the oxidative DNA lesion, 8-oxo-deoxyguanosine.30 

Table 1 Basic characteristics and mitochondrial DNA information of study subjects, stratified by perceived general health

Overall  
cohort
(n=944)

Perceived general health

Excellent/
very good
(n=601)

Good
(n=287)

Fair/poor
(n=54)

P-value*

Age, 
Median (25th–75th percentile)

60.5 
(51.0, 71.0)

57.0 
(48.0, 67.0)

64 
(53.0, 72.0)

66.5 
(55.3, 78.0)

<0.001

Female sex, n (%) 470 (49.8) 326 (54.2) 121 (42.2) 22 (40.7) <0.001
BMi

Median (25th–75th percentile)
28.2 
(24.9, 32.4)

27.1
(24.3, 31.0)

30.2 
(26.9, 34.5)

30.3 
(26.4, 35.4)

<0.001

education, n (%)
high school or less
some college
College
Graduate/professional

167 (18.0)
326 (35.2)
257 (27.7)
177 (19.1)

79 (13.3)
201 (33.8)
182 (30.6)
133 (22.4)

70 (25.0)
110 (39.3)
61 (21.8)
39 (13.9)

18 (36.0)
15 (30.0)
13 (26.0)
4 (8.0)

<0.001

Alcohol consumption, n (%)
never
Once a month or less
2–4 times a month
2–5 times a week
6+ a week

171 (18.1)
206 (21.8)
245 (26.0)
254 (26.9)
67 (7.1)

86 (12.8)
188 (28.0)
168 (25.0)
184 (27.4)
45 (6.7)

63 (22.0)
71 (24.7)
69 (24.0)
63 (22.0)
21 (7.3)

22 (40.7)
16 (29.6)
8 (14.8)
7 (13.0)
1 (1.9)

<0.001

smoking ever, n (%) 360 (38.1) 194 (32.6) 141 (50.2) 25 (48.1) <0.001
number of comorbidities

Median (25th–75th percentile)
3
(2, 6)

3
(1, 4)

5 
(3, 7)

7 
(5, 9)

<0.001

Mitochondrial haplogroup, n (%)
hV (hV, h, and V)
J
T
U (minus K)
K
Other european groups 
non-european groups

467 (49.4)
90 (9.5)
99 (10.5)
146 (15.5)
71 (7.5)
55 (5.9)
15 (1.6)

294 (48.9)
58 (9.7)
66 (11.0)
91 (15.1)
47 (7.8)
36 (6.0)
9 (1.5)

144 (50.2)
26 (9.1)
30 (10.5)
45 (15.7)
20 (7.0)
17 (5.9)
5 (1.7)

28 (51.9)
5 (9.3)
3 (5.6)
10 (18.5)
4 (7.4)
3 (5.6)
1 (1.9)

0.98

Mitochondrial copy number
Median (25th–75th percentile)

88.9 
(77.6, 101.1)

90.7 
(79.2, 103.3)

86.1 
(75.8, 97.4)

82.9 
(72.4, 99.7)

<0.001

Notes: *P-values are to test association between each variable and perceived general heath univariately, using proportional odds model.
Abbreviation: BMi, body mass index.
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Figure 1 The relationship between age and self-rated health stratified by sex in the study cohort. 
Note: excellent self-rated health decreases with age in both males and females. 
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The oxidative stress from free radicals may be responsible for 

the aging process which is tied to the mitochondria.29 

The relationship between mtDNA copy number and mito-

chondrial function may vary. It may be that increased mtDNA 

copy number is not related to function. In rat models, a decline 

in mtDNA was not associated with a change in cytochrome c 

oxidase (COX) subunit I and III transcript levels in the liver 

and heart.31 In a normative sample of both cancer patients and 

a healthy cohort, quality of life decreased with age. Quality of 

life can also decrease with illness.32 There is clinical utility of 

self-rated health as an outcome. In previous work, poor self-

rated health has been associated with adverse health outcomes 

such as hospitalization and emergency department visits.2 In 

cancer patients, quality of life at diagnosis is prognostic for 

mortality.33 Thus, the association of self-rated health with 

mtDNA copy number has potential clinical significance; 

however, additional research is needed to determine the direct 

link between mtDNA copy number and clinical outcomes.

This study has some limitations. As it is a cross-sectional 

study, one cannot draw causality from the findings. The poten-

tial for reporting bias is possible; however, no participants 

were aware of their genetic information while filling out the 

questionnaire. The largest limitation is the potential for an 

unknown confounder, such as medication use (some medica-

tions such as lithium are reported to improve mitochondrial 

function). There is likely some selection bias as patients within 

the biobank were more highly educated than the US national 

population and less likely to smoke.18 As further studies evalu-

ate mtDNA copy number and potential exposures that lower 

those numbers, one can account for them in models.

Conclusion
In this study, we found an association of lower self-rated 

health with lower mtDNA copy number. This f inding 

provides support to the concept that there may be a link 

between mtDNA copy number and how one feels. Given that 

mitochondrial function is influenced by several risk factors 

(e.g., socioeconomic status and environmental exposures) 

associated with health outcomes, it is possible that mtDNA 

copy number can serve as a biomarker that reflects collective 

effects of those risk factors, which in turn influences how 

one feels and health outcomes simultaneously. Future stud-

ies will need to evaluate mtDNA as a biomarker for clinical 

outcomes such as hospitalization or mortality to bring this 

idea closer to clinical practice.
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