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Abstract

Importance—Sleep disturbances have been linked to increased morbidity and mortality, yet it is 

unknown whether improving sleep quality in older adult patients with insomnia alters biomarkers 

of diabetes and cardiovascular disease risk.

Objective—Determine the comparative efficacy of cognitive behavioral therapy (CBT), tai chi 

chih (TCC), and a sleep seminar control (SS) to reduce multisystem biomarkers of disease risk in 

older adults with insomnia.

Design—Randomized controlled comparative efficacy trial.

Setting—Los Angeles community

Participants—A population-based sample of 109 older adults with chronic and primary 

insomnia
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Intervention—Random assignment to CBT, TCC, or SS for 2-hour group sessions weekly over 4 

months with a 16-month evaluation (1 year after follow-up).

Main Outcome(s) and Measure(s)—Multisystem biological risk comprised of 8 biomarkers: 

high-density lipoprotein, low-density lipoprotein, triglycerides, hemoglobinA1c, glucose, insulin, 

C-reactive protein, and fibrinogen. Using clinical laboratory cutoffs defined as abnormal, a 

multisystem risk score was computed representing a sum of the deviation around the cutoffs 

across the 8 biomarkers. In addition, high risk grouping was classified if subjects exhibited 4 or 

more biomarkers in the abnormal laboratory range.

Results—An interaction of time-by-treatment-by-high risk group was found (F(4,197.2)=3.14, 

p=.02) in which both TCC (p=.04) and CBT (p=.001) showed significantly lower risk scores as 

compared to SS at 16-months. CBT reduced risk of being in the high risk group at 4-months (odds 

ratio [OR]=.21 [95%CI, .03–1.47], p<.10) and at 16-months (OR=0.06 [95%CI, .005–.669]; p<.

01). TCC reduced the risk at 16-months (OR=.10 [95%CI, .008–1.29]; p<.05) but not at 4 months. 

Of participants who were classified in the high risk category at baseline, improvements in sleep 

quality, as defined by a clinical severity threshold, reduced the likelihood of being in the high risk 

group at 16-months, OR=.08 (95% CI, .008–.78); p = .01.

Conclusions and Relevance—Participants classified as having high multisystem biological 

risk at entry and assigned to CBT or TCC show improvements in risk scores after one year follow-

up. Given that these clinical biomarkers are associated with cardiovascular, metabolic, and 

inflammatory disease risk, improving sleep quality has the potential to reduce the risk of chronic 

disease in older adults with insomnia.

Clinical Trial Registration # and name—ClinicalTrials.gov: NCT00280020, Behavioral 

Treatment of Insomnia in Aging
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1.0 Introduction

Insomnia symptoms are characterized as impairments in sleep quantity and/or quality that 

can result from difficulties in falling or staying asleep, frequent arousals, and/or obtaining 

restorative sleep.1–3 Insufficient sleep and poor sleep quality have been linked to disease risk 

and mortality.1,4–8 Not getting enough quality sleep causes repeated disruptions to multiple 

regulatory systems including metabolic, cardiovascular, and immune.9–11 This is 

particularly salient in older adults, where the risk for disease and death is elevated, with as 

many as half of adults over 65 years old reporting insomnia symptoms.12 Sleep is a 

modifiable behavior with established behavioral treatments that improve sleep quality.13,14 

Although disturbed sleep has been associated with increased risk for disease and death, it is 

not clear whether treating sleep problems would reduce laboratory markers of disease risk, 

particularly among those with elevated levels of such risk markers. Further research is 

needed to determine whether the treatment of sleep disturbances, such as insomnia, has the 

potential to aid in the prevention of disease.
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There are a number of pathways through which sleep problems likely contribute to poorer 

health. Among them, inadequate sleep has been associated with adverse effects on levels of 

glucose, lipids, inflammation, and blood pressure.3,9,11,15–21 Inadequate and fragmented 

sleep disrupts the normal diurnal rhythm across regulatory systems and interferes with the 

restorative nature of sleep.9,22 Although each system is important in understanding disease 

risk, recent work has found that higher multisystem biological risk (a combination of 

biomarkers representing cardiovascular, metabolic, immune, nervous, and endocrine 

systems) is a stronger predictor of morbidity and mortality outcomes as compared to the 

predictive role of each biologic system alone.23–28 Hence, this work is grounded in the 

hypothesis that the pathway to disease is a dynamic interface between multiple biologic 

systems that influence the whole and may not be fully captured when measuring individual 

components. Importantly, multisystem biological risk has been linked to sleep, with shorter 

sleep duration and poor sleep quality associated with an elevated multisystem risk.11,29

An unanswered question is whether treating sleep disturbances such as insomnia in 

individuals with elevated markers of disease risk can then reduce such levels, with 

implications for disease. Cognitive Behavioral Therapy (CBT) is an effective treatment for 

insomnia in young and older adults.13,30–34 Tai Chi Chih (TCC) has also been proposed as 

an alternative treatment, with evidence that it improves sleep quality in older adults.14,35–38 

With the exception of our initial findings showing decreases in C-reactive protein following 

the successful treatment of insomnia,38 we know of no published trials examining the 

efficacy of an RCT for insomnia in older adults on biomarkers of diabetes and 

cardiovascular disease risk. An observed reduction in risk via changes in clinical laboratory 

biomarkers that traditionally signal risk (e.g., LDL cholesterol, hemoglobin A1c, CRP) 

following the successful improvement of sleep quality would suggest that the treatment of 

sleep problems among individuals showing initially elevated risk might be included as part 

of a disease prevention strategy. Following our initial analyses showing that CBT and TCC 

are efficacious at improving sleep quality in older adults,38 we report on the efficacy of this 

RCT to reduce multisystem biological risk among individuals classified as higher risk at the 

beginning of the trial based on several key clinical laboratory biomarkers indicative of 

disease risk.

2.0 Methods

2.1 Study Design

Methods of the study design and intervention modalities have been reported previously.38 

Briefly, after obtaining UCLA institutional review board approval, subjects were recruited 

from the surrounding Los Angeles community through advertisements. Following eligibility 

screening, older adults were invited to participate in the RCT, which was conducted from 

the period of April 2006 through August 2011. Each participated in 120 minutes of group 

class time weekly for 4-months, with assessments at baseline (pre-intervention), 4-months 

(post-intervention), and 16-months (one year follow-up, after completion of the 

intervention). There were no changes to the methods after trial commencement as previously 

described.38
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2.2 Study Participants

To be eligible for the study, participants had to be 55 years of age or older, free of major 

medical illness and sleep apnea (determined through an overnight stay using 

polysomnography; apnea/hypopnea index (AHI) >15), and to fulfill Diagnostic and 

Statistical Manual (4th Ed.)39 criteria for primary insomnia as well as the International 

Classification of Sleep Disorders (2nd Ed.)40 for insomnia (determined through a structured 

interview). To meet criterion, patients had to report difficulty in initiating or maintaining 

sleep or have non-restorative sleep for at least one month, and also report significant distress 

and daytime impairment. Eligible participants were randomly assigned in a 2:2:1 ratio to 

CBT, TCC, or Sleep Seminar (SS) by permuted block design of 7–10 subjects.

2.3 Interventions

Research personnel who were involved in enrollment and assessment of subjects were blind 

to random allocation. Assignment was known only after eligibility was determined, and the 

individual managing randomization did not interact with participants prior to assignment. 

Participants assigned to CBT, TCC, and SS received 120-minutes of class instruction time 

weekly for 4-months. As reported previously,30,38 the CBT intervention was modified to 

include behavioral strategies to improve mood and manage daytime cognitive activity. The 

TCC intervention taught participants slow-paced movements designed to learn control over 

physical function and arousal. SS informed participants about sleep hygiene and educated 

them on various factors contributing to sleep problems. [See Irwin et al.38 and related online 

supplement for details]

2.4 Measures

The primary outcome of the RCT, insomnia remission, has been previously reported along 

with improvement in insomnia symptom severity and sleep quality using the Pittsburgh 

Sleep Quality Index (PSQI)41, and a daily diary of sleep activity. Additional secondary 

outcomes have also been reported previously including fatigue, depressive symptoms, and 

an inflammatory marker (C-reactive protein; CRP).38

Improvements in Sleep Quality—The PSQI was used to compute a global score of 

sleep quality across seven domains at each visit. Scores greater than 5 indicate poor sleep 

quality and elevated sleep disturbances, whereas scores of 5 or less indicate good sleep 

quality.41

This analysis focused on an a priori secondary outcome, multisystem biological risk, that 

was derived from fasting blood samples taken at baseline, 4-months, and 16-months. 

Laboratory personnel processing biomarker outcomes were blind to intervention assignment 

throughout the trial. Multisystem biological risk is comprised of eight different biomarkers, 

including high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides, 

fibrinogen, C-reactive protein (CRP), glucose, insulin, and glycosylated hemoglobin 

(HgA1C). All biomarker values were determined by a Clinical Laboratory Improvement 

Amendments (CLIA) certified UCLA Medical Clinical Laboratory using standardized 

methodologies and reporting guidelines. For CRP, samples were diluted 1:20 then run using 

a high-sensitivity immunoassay using a BN-II System (Dade-Behring, Newark, DE). Limit 
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of detection is .175 mg/L and coefficients of variation of < 4% for both intra- and inter-assay 

reliability.

Cut points for risk are reported in Table 1, and were selected based on clinical target 

guidelines for each biomarker when available.142–47 The clinical cutoffs were defined by 

existing guidelines for LDL, HDL, glucose, HgA1C, and CRP. The National Cholesterol 

Education Program guidelines classify LDL 130–159 mg/dL as borderline high in the ATP 

III guidelines, and recommend target below 130 mg/dL to reduce risk.44 Recommendation 

for HDL cholesterol is >40 in men and >50 in women,44 and adopted by AHA and NHLBI 

to be used in the diagnosis of metabolic syndrome.45 Based on the Expert Committee on the 

Diagnosis and Classification of Diabetes Mellitus, the American Diabetes Association’s 

(ADA) defines impaired fasting glucose at ≥ 100, which indicates risk for diabetes.45,46 

Individuals with HgA1C ≥ 6.0 are at high risk for developing diabetes.46,47,48 The AHA/

Center for Disease Control (CDC) scientific statement reported CRP > 3 mg/L corresponds 

with a high relative risk.43 For three of our biomarkers (triglycerides, fibrinogen, and 

insulin), we used the upper quartile for risk due to either a restricted distribution in our 

sample (triglycerides), or a lack of clearly defined risk cutoffs (fibrinogen, insulin). Current 

guidelines consider elevated triglycerides,42 fibrinogen,43 and insulin to be indicators of 

risk.48–51

2.5 High Risk/Low Risk Groups

To examine whether the treatments would reduce clinically meaningful laboratory 

biomarkers, we designated individuals as being in the high risk group if they had 4 or more 

biomarkers in the abnormal laboratory range (cutoffs specified in Table 1) at baseline (CBT 

27.7%; TCC 23%; SS 34.8%). This designation was selected based on two factors. First, 

previous research has shown the highest risk for declines in health and mortality occur when 

3 to 7+ biomarkers are in the abnormal ranges,23,27,28 hence, our selection of 4 or more 

avoided the lower boundary. Secondly, within our sample, this risk group cut point allowed 

for stable estimates to be obtained while maintaining sample size to ensure adequate power.

2.6 Multisystem Biological Risk Score

Given that the relationship of the biomarker with disease risk is often linear and doesn’t 

necessarily function as a threshold effect (e.g., CRP: 1–3 mg/L is associated with a moderate 

risk52), we also computed a multisystem risk score by estimating the distance a person’s 

value is from the cutoff for each biomarker. To do this, multisystem biological risk scores 

were also computed to estimate deviation from the designated cut point, as described above 

and displayed in Table 1. Here we used the cut point for risk as the mean, and generated a z-

score around that cut point by taking the sample value and subtracting the cut point value, 

then dividing by the standard deviation of the group for that biomarker. Individual z-scores 

for each biomarker were then averaged and multiplied by eight (the number of biomarkers) 

to create a total sum multisystem biological risk score which represents the summed 

standardized distance from the cut points. Negative values suggest that their average is 

below the risk cut point, while positive values imply the average is above the risk cut point. 

1In the case of triglycerides, we used the upper quartile for risk do to a restricted distribution in our sample.
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All z-scores, prior to creating the sum, were restricted to 4 SD away from the cut point. 

Table 1 displays means and standard deviations of biomarkers within treatment group prior 

to z-transformation, denotes the defined cutoffs for risk, and reports percentage within high 

risk for each biomarker.

2.6 Statistical Analyses

No existing data are available to generate effect estimates for a treatment trial to impact 

multisystem biological risk scores. However in our sample individuals with high CRP are at 

greater likelihood to fall in the high risk group, with 53% classified as HR compared to 18% 

of those with low CRP (χ2=9.99, p=.002). Given this, we used effect estimates (0.76) from 

our prior work showing reduction of CRP with insomnia by treatment,38 which suggests a 

sample size of 23 per group is needed to detect improvements. All statistical analyses were 

performed using IBM SPSS for Windows v.22. The present analyses include 109 (CBT, 

n=47; TCC, n=39; SS, n=23) participants for whom multisystem biological risk measures 

were obtained; the demographic and clinical characteristics of this sample (n=109) did not 

differ from the total number of participants who were enrolled in the insomnia treatment 

trial previously reported (n=123).38 In addition, 12 of the 109 subjects had missing data at 

baseline and these missing values were imputed using a regression equation derived from 

available biomarker data and an estimated error using random number generation within the 

standard error of the distribution of that biomarker. Testing of the models with and without 

the imputed data did not alter the results.

Independent sample t-tests were performed to examine differences between treatment 

groups in age, BMI, PSQI scores, and individual biomarkers. To test for the effect of the 

treatment on multisystem biological risk scores among those who met high risk criterion 

compared to those with lower risk, we used mixed linear model analyses testing for a 2(high 

risk, low risk) × 3(TCC, CBT, SS) × 3(baseline, 4-month, 16-month) interaction. The mixed 

model allows for values to be missing as long as they are missing at random (i.e., 

missingness is not dependent on the value of unobserved variables); model estimates are 

unbiased under such conditions. This approach retains completers with missing data, which 

is ideal for RCT analyses. The total missingness was <8%. Pairwise comparisons using the 

least significant difference (LSD) method were used to test differences between groups at 

each time point. For high risk subjects (n=30), additional analyses examined the intervention 

effects on the proportion lowering risk at 4- and 16-months, which includes evaluation of the 

odds ratio of CBT and TCC vs. SS. Chi-square analysis and odds ratios were used to test 

whether those with improved sleep disturbances (PSQI scores < 5 at 4- and 16-months) also 

were at lower risk of remaining in the high risk group. Data was available on >90% of the 

subjects at all time points among those who completed follow-up assessments.

3.0 Results

Of the 294 who underwent the baseline assessment, a total of 207 participants met further 

eligibility criteria and 123 agreed to participate. These subjects completed the entire 

baseline, agreed to participate in the clinical trial, and were randomly assigned to treatment 

(Figure 1 CONSORT). Of these 123 participants, 109 subjects had biomarker data and are 

included in this secondary analysis. Treatment groups were similar in demographics (Table 
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1). Data on completers and non-completers has been reported previously.38 As a primary 

outcome, the CBT group at 4-months showed a greater rate of insomnia remission (using the 

DSM-IVTR criteria) compared to TCC and SS (p′s<.01). Sleep disturbance severity using 

the PSQI also revealed significant treatment effects for both CBT and TCC compared to SS 

at 4-months (p’s<.05), which remained lower for CBT but not TCC by 16-months (See 

Irwin et al., 2014 for primary outcome reporting).38 No harms or unintended side effects 

were reported during the trial.

Descriptive statistics of baseline levels of biomarkers within groups are shown in Table 1. 

Independent sample t-tests for differences between mean multisystem biological risk in CBT 

vs. SS and TCC vs. SS at baseline were not significant (p’s>.30). Initial mixed linear model 

analyses found no significant treatment by time interaction (p=.30) in the prediction of 

multisystem biological risk. Among those in the high risk group, CBT and TCC were 

associated with decreases in multisystem biological risk from baseline to 16-months. Mixed 

linear model analyses, adjusting for baseline multisystem biological risk, revealed a 3-way 

interaction of time by treatment by risk group in the prediction of multisystem biological 

risk, F(4,197.2)=3.14, p=.02. As compared to SS, TCC and CBT were associated with 

improvements in multisystem biological risk by 16-months among those participants 

entering the trial in the high risk category. Further adjustment by BMI and changes from 

baseline to 16-months in physical activity did not alter this effect. At 4 months, post hoc 

analyses of group differences in mean multisystem biological risk revealed no significant 

differences between treatment groups in participants who were categorized as high risk at 

entry (all p′s>.40). At 16-months, both TCC (M=−.98; p=.04) and CBT (M=−2.3; p=.001) 

showed significantly lower multisystem biological risk scores compared to SS (M=1.3) in 

participants who were categorized as high risk at entry.

To examine whether improvements in sleep quality altered the likelihood of remaining in the 

high risk group from baseline to 4- or 16-months, the odds of remaining in the high risk 

group was tested for those who had persistent poor sleep quality (PSQI scores >5) as 

compared to those who had improvements in sleep quality (PSQI scores ≤ 5). As compared 

to those with persistent poor sleep quality, those who showed improvement in sleep quality 

had a decreased likelihood of being in the high risk at 4-months, odds ratio [OR]=.21 (95% 

CI, .3–1.39), p=.09, and at 16-months, OR=.08 (95% CI, .008–.78); p=.01. Improvement in 

sleep quality (≤5 PSQI) at 16-months was associated with a significant shift into the lower 

risk group; 88.8% of those participants entering the trial in the high risk group were re-

categorized into the lower risk group following improvement in sleep quality (χ2=6.08, p=.

01; Figure 2).

To examine whether the treatment type altered the likelihood of remaining in the high risk 

group from baseline to 4- or 16-months, the odds of remaining in the high risk group was 

tested for those who received CBT or TCC as compared to SS. As compared to the SS, CBT 

was associated with a decreased likelihood of being in the high risk group at 4-months, 

OR=.21 (95% CI, .03–1.47, p<.10), and at 16-months, OR=0.06 (95% CI, .005–.67; p<.01). 

As compared to SS, TCC did not show an effect at 4-months (p>.4) but did show a reduced 

likelihood of being in the high risk group at 16-months, OR=.10 (95% CI, .008–1.29; p<.

05). As compared to TCC, CBT was associated with a significant decreased likelihood of 
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being in the high risk at 4-months, OR=.08 (95% CI, .007–.83; p<.05), but by 16-months 

this difference was not present, OR=.56 (95% CI, .08–3.9; p=.92). Figure 3 displays the 

percentage of subjects by treatment within the high risk group at baseline who continue to be 

in the high risk category at 4-months and 16- months. For individuals who were classified as 

low risk prior to treatment, no changes in risk across treatments was observed (x2=1.35, p=.

51).

4.0 Discussion

The present paper presents the first randomized controlled trial in older adults with insomnia 

that examines the efficacy of the treatment on reducing multisystem biological markers of 

disease risk among subjects who begin the trial with elevated risk. We report that high risk 

insomnia subjects who experienced improvements in sleep quality showed reduced 

biological risk. In addition, among these individuals who exhibit elevated risk at the 

beginning of the treatment trial, both CBT and TCC treatments for insomnia were associated 

with reduced biological risk at 16-months, 1 year after treatment completion. Based on our 

classification of high risk, CBT and TCC treatment of insomnia combined reduced risk in 

over half of participants at 16-months, which indicates treating insomnia may also benefit 

lipid metabolic, glucose metabolic, and inflammatory profiles. Interestingly, reduction in 

risk was more rapid in the CBT compared to the TCC treatment, with greater reduction at 4-

months; however, by 16-months risk reduction was similar in both treatment conditions. 

These findings advocate for the treatment of insomnia in older patients at higher risk for 

disease based on biomarkers indicating risk, and demonstrate that improving sleep quality 

with CBT or TCC may be important in reducing long term disease risk.

Our CBT was unique from other interventions in that it lasted considerably longer (so as to 

be comparable to the TCC intervention) and included a mood enhancement module (further 

detail regarding this additional module can be found in the online supplement of Irwin et al., 

2014 SLEEP38). These features of the intervention may have contributed to our successful 

reduction in biomarkers of risk in the CBT group, and future work should consider whether 

this addition to the CBT intervention is necessary for treatment to reduce disease risk.

Although the present RCT is novel in demonstrating reductions in risk in older adults with 

insomnia, a prior intervention study has demonstrated that sleep extension improved blood 

pressure in short sleepers with pre-hypertension or hypertension.53 Similarly, there is 

growing interest in developing interventions to treat insomnia as a means to improve 

metabolic regulation and reduce type 2 diabetes,54 including an ongoing trial for sleep 

extension in an obese sample.55 In light of this work, and the present results, additional 

treatment trials are warranted.

4.1 Mechanisms

Inadequate and fragmented sleep disrupts the normal diurnal rhythm across regulatory 

systems and interfere with the restorative qualities of sleep.9,22 Such disruptions put 

demands on regulatory systems to maintain homeostasis under adverse conditions (i.e., 

allostasis). This is thought to cause gradual deterioration across systems, as there is an 

accumulation of wear and tear and the absence of adequate restoration, termed allostatic 
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load.27,56 Evidence of allostatic load is seen in changes to physiological set points for 

biological indicators within each system, including elevated LDL and triglycerides, poor 

glucose regulation, and increased inflammatory activity. Epidemiological evidence links 

poor quality and inadequate quantity of sleep to increased allostatic load9–11 and other 

diseases related to allostatic load, such as diabetes, hypertension, metabolic syndrome, and 

cardiovascular disease.1,4–8,16–20 In the current study, we assessed HDL, LDL, triglycerides, 

fibrinogen, CRP, glucose, HA1C, and insulin, using cutoffs that are commonly used to 

identify risk for diabetes and cardiovascular disease. These biomarkers also have 

considerable overlap with metabolic syndrome. Here, we report that intervening to improve 

sleep appears to help re-establish healthy patterns for these biomarkers. This improvement 

represents healthier functioning of the respective regulatory systems that may otherwise, 

with unremitting insomnia, drive more dysfunction and lead to disease.9

One plausible mechanism through which the observed changes in biomarkers of risk occur 

may be through the re-establishment of healthy circadian rhythm dynamics. The circadian 

clock regulates neuronal and hormonal secretory patterns and peripheral organs rhythms 

altering numerous biological processes including metabolism and blood glucose regulation 

(See Reitrakul & Van Cauter, 2014 for a review).54 Future research should consider whether 

the circadian patterns are restored across systems after a clinical trial for the treatment of 

insomnia to more fully elucidate the hypothesized mechanism.

4.2 Limitations

The present study included adults 55 years and older, and while these are the individuals at 

highest risk for disease, the generalizability of these findings to younger adults is limited. 

Future work should determine whether treating sleep disturbances in adults under the age of 

55 years with elevated biological risk would have the same beneficial effect on multisystem 

risk. Secondly, we cannot rule out the possibility of biases in self report. However, 

biological data are not thought to be influenced by such bias, lending strength to the 

findings. The findings may not be generalizable to the population as a whole due to over 

sampling of women and careful exclusion of co-morbid medical and psychiatric illness. In 

addition, our selection of a high risk group was performed after trial completion, and future 

research should specifically target high risk individuals to evaluate the efficacy of the 

intervention to improve biomarkers of risk. The present results are also constrained by the 

small sample size in our high risk groups within treatment conditions limiting our power to 

detect effects. Further research should consider the selection of a larger high risk sample for 

a treatment trial. Although we captured 8 different biomarkers, our multisystem risk 

measure does not include other frequently used biomarkers representing the cardiovascular 

(e.g., blood pressure, heart rate), autonomic (e.g., heart rate variability), and neuroendocrine 

systems (e.g., cortisol, catecholamines), which have been linked to mortality risk.23,26 

Likewise, changes in adiposity may also be related to reductions in risk, however we were 

unable to capture this in the present sample. Future research examining treatment efficacy 

should include these additional indices of risk. Given the sample of older adults recruited for 

the present study required them to be free of major medical illnesses, the results may not be 

generalizable to older adults with comorbid chronic disease. Of note, major strengths of the 

current design include the randomization of participants to treatment conditions, a careful 
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assessment of clinical biomarkers of risk prior to treatment, post-treatment, and 1 year after 

treatment, and a high completion rate.

4.3 Conclusions

The present research documents clinically meaningful declines in biomarkers of risk among 

older adults with elevated risk who receive treatment to improve sleep disturbances. This is 

the first study to report the efficacy of a clinical treatment trial for insomnia on clinically 

meaningful biomarkers of risk for diabetes and cardiovascular disease. These results 

highlight the importance of treating sleep disturbances in later life, particularly among 

individuals with laboratory values for HDL, LDL, triglycerides, CRP, fibrinogen, glucose, 

insulin, and/or HA1c that indicate risk. Clinicians should consider treatment of sleep 

disturbances within these groups who have elevated clinical biomarkers of risk as a crucial 

part of a comprehensive disease prevention strategy. As the identification and treatment of 

modifiable risk factors to prevent disease are of vital importance, physician queries of 

behavioral risk factors such as physical activity and smoking should also now include an 

assessment of patient’s sleep health for the identification of sleep disturbances.57 This 

modification to current practice should also include a referral to treat the sleep disturbances 

using CBT or TCC.
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Highlights

• Individuals starting the trial with high multisystem biological risk and assigned 

to CBT or TCC, but not to the sleep seminar control condition, showed 

improvements in risk scores after one year follow-up.

• These findings suggest that improving sleep quality has the potential to reduce 

the risk of chronic disease in older adults with sleep disturbances.

• This is the first study to report the efficacy of a treatment trial for insomnia in 

older adults on clinical markers of risk for diabetes and cardiovascular disease.
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Figure 1. 
CONSORT Flow Diagram of the Treatment Trial For Sleep Disturbances Assessing 

Changes in Multisystem Biological Risk.
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Figure 2. Percentage of Subjects in High Risk Group at 4-months and 16-months Stratified by 
Good- and Poor- Sleep Quality
All subjects began the treatment trial at high risk (n = 30). High risk was defined by having 

4+ biomarkers above the cutoff for risk. As compared to those with poor sleep quality, those 

with improved sleep quality had a reduced odds of being in the high risk post intervention 

(odds ratio [OR] = .21 (95% CI, .3–1.39), p = .09), which reached significance by 16-

months, (OR = .08 (95% CI, .008–.78); p = .01.). Good sleep quality at 4-months (n = 6) and 

16-months (n = 9).
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Figure 3. Percentage of Subjects in High Risk Group at 4-months and 16-months Stratified by 
Treatment
All subjects began the treatment trial at high risk (CBT n = 13; TCC n = 9; SS n = 8). High 

risk was defined by having 4+ biomarkers above the cutoff for risk. As compared to SS, 

CBT was associated with a reduced risk of being classified as high risk post intervention 

(odds ratio [OR] = .21 [95% CI, .03–1.47], p < .10), which reached significance by 16-

months, OR = 0.06 (95% CI, .005–.669; p < .01). TCC, as compared to SS, was not 

associated with reduced risk at post intervention (p > .4) but did show reduced risk by 16-

months (OR=.10 [CI, .008–1.29]; p < .05).
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Table 1

Descriptive Statistics By Treatment Category. Data represent means (standard deviations), percentage (%), or 

cut point for risk where indicated.

Cut point, % High Risk
Cognitive Behavioral Therapy

N=47
Tai Chi
N=39

Sleep Seminar
N=23

Age 64.8(6) 67.3 (7.5) 66(7.7)

Gender, % Female 78.7% 64.1% 69.6%

Race, % White 87% 84.2% 86.4%

BMI 25.4(3.3) 26.3(4) 26.1(4.1)

PSQI Global Score 10.4(2.9) 10.4(3.2) 11.2(3)

Glucose, mg/dL >100, 30.2% 95.4(25.5) 99.7(22.2) 106.8(28.8)

Insulin, mlU/mL ≥10, 26.9% 7.4(5.7) 7.4(4.7) 8.6(7.4)

HA1C ≥6.0, 68.3% 6.0(.9) 5.8(.9)a 6.7(2.2)

LDL, mg/dL ≥130, 27.4% 115.4(34.3) 109(31.3) 106.4(29.1

HDL, mg/dL ≤ 40 men, 35.5% 45.4(8.5) 42.5(8.3) 41.9(15.6)

≤ 50 women, 34.6% 60.7(15.2) 56(19.9) 56.8(12.1)

Triglycerides, mg/dL ≥128, 28.4% 114.3(57.4) 106.7(39.4) 101.4(31.2)

CRP, mg/L ≥3, 21.9% 2.0(1.9) 2.1(2) 2.1(2.2)

Fibrinogen, mg/dL ≥335, 26% 307.6(37) 303.1(52) 316.5(49.8)

Multisystem biological riskb −3.2(3.9) −3.2(3.3) −2.1(4.3)

Risk status at baseline, % High Risk 27.7% 23.1% 34.8%

a
TCC vs. SS difference, p < .05

b
Multisystem biological risk score is the sum of each z-score from the individual biomarkers (See methods for more detail).
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