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Abstract

Study objectives

To replicate the association between insomnia with objective short sleep duration and

hypertension, type 2 diabetes and duration of insomnia.

Design

Retrospective case-control study.

Setting

Department of Psychiatry and Psychotherapy, Medical Center—University of Freiburg.

Participants

328 patients with primary insomnia classified according to DSM-IV criteria (125 males, 203

females, 44.3 ± 12.2 years).

Interventions

N/A

Measurements

All participants were investigated using polysomnography, blood pressure measurements,

and fasting routine laboratory.
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Results

Insomnia patients with short sleep duration (< 6 hours) in the first night of laboratory sleep

presented with a longer duration of insomnia compared to those with normal sleep duration

(� 6 hours) in the first night of laboratory sleep. Insomnia patients who were categorised as

short sleepers in either night were not more likely to suffer from hypertension (systolic blood

pressure of� 140 mm Hg, diastolic blood pressure of� 90 mm Hg, or a previously estab-

lished diagnosis). Data analysis showed that insomnia patients with objective short sleep

duration were not more likely to suffer from type 2 diabetes (fasting plasma glucose level of

� 126 mg/dl, or a previously established diagnosis). However, the diabetes analysis was

only based on a very small number of diabetes cases. As a new finding, insomnia patients

who were categorised as short sleepers in either night presented with increases in liver

enzyme levels.

Conclusions

The finding on insomnia duration supports the concept of two distinct sub-groups of insom-

nia, namely insomnia with, and without, objectively determined short sleep duration. How-

ever, our data challenges previous findings that insomnia patients with short sleep duration

are more likely to suffer from hypertension.

Introduction

Insomnia is one of the most frequent mental disorders [1,2] leading to clinically relevant

impairment in diverse areas of health-related quality of life [3] as well as to high societal cost

[4]. Women have an increased risk to develop insomnia compared to men [5] and the preva-

lence of the disorder increases significantly with age [6]. Patients with insomnia have an

increased risk of developing mental disorders, especially depression [7,8]. In the last decade, a

number of studies suggest that insomnia also increases the risk for cardiometabolic diseases

[9,10,11].

Recently, Vgontzas et al. [12] proposed two subtypes of insomnia with specific clinical and

etiological characteristics. As such, insomnia with polysomnographically determined short

sleep duration (total sleep time, TST< 6 hours) is characterised by a genetic predisposition,

physiological hyperarousal, impaired neurocognitive function, longer duration of insomnia

and an increased risk for cardiometabolic diseases. In contrast, insomnia with polysomnogra-

phically determined normal sleep duration (TST� 6 hours) is characterised by a lack of physi-

ological hyperarousal, sleep misperception, an anxious-ruminative profile, shorter duration of

insomnia and no significant risk for cardiometabolic diseases.

With respect to the link to cardiometabolic diseases, Vgontzas et al. [13] investigated the

association between insomnia with short sleep duration and hypertension using cross-sec-

tional data from the Penn State Cohort comprising 1741 participants including 199 with

insomnia. The results suggest that only individuals with both insomnia and short sleep dura-

tion are more likely to have hypertension in comparison with good sleeper controls. Based on

the same cross-sectional dataset, Vgontzas et al. [14] reported that insomnia with short sleep

duration is also associated with type 2 diabetes. Using longitudinal data from the same cohort,

insomnia patients with short sleep duration were also characterised by a longer duration of
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insomnia [15], an increased risk for hypertension [16], and an increased all-cause mortality

[17]. Of note, these analyses were based on one night of polysomnography (PSG) only.

Apart from the seminal findings based on the Penn State Cohort, only limited evidence

directly supports that insomnia with short sleep duration is specifically related to cardiometa-

bolic diseases and longer duration of insomnia; only one study directly replicated the hyper-

tension finding [18]. In light of the important clinical implications, the current study aimed at

replicating three central findings of the Penn State Cohort, namely the association between

insomnia with short sleep duration and hypertension, type 2 diabetes and duration of insom-

nia in a clinical sample of patients with insomnia.

Furthermore, based on the hypothesis that insomnia with short sleep duration manifests

primarily in the biological domain [12], the current study extends previous research by investi-

gating basic laboratory parameters in the proposed sub-groups of insomnia. Thus, another

aim of this study was to explore the potential association between insomnia with short sleep

duration and several laboratory parameters (erythrocytes, haemoglobin, haematocrit, erythro-

cyte mean corpuscular volume (MCV), leukocytes, thrombocytes, creatinine, alanine amino-

transferase (ALT), gamma glutamyl transferase (γGT), thyroid stimulating hormone (TSH))

that are routinely assessed in our sleep disorders centre.

Material and methods

Participants

The study sample was obtained by reviewing data of an archival database of the sleep labora-

tory of the Department of Psychiatry and Psychotherapy, University Medical Centre Freiburg

(Freiburg Insomnia Cohort). In total 328 clinically referred patients with primary insomnia

according to DSM-IV-TR criteria [19] were included in the present analysis (203 women; 125

men; mean age 44.3 ± 12.2 years). All patients were investigated between 1995 and 2014. Over-

all, in this period, 4897 individuals were investigated in the sleep laboratory. In accordance

with DSM-5 [20], all patients with a sleep-related complaint of non-restorative sleep only or

with an insomnia duration of less than 3 months were excluded from the current study. The

frequency criterion of DSM-5, however, could not be confidently determined in all patients

from the medical records.

A clinical interview by an experienced psychiatrist and PSG were used to identify and

exclude patients with psychiatric disorders or occult sleep disorder pathology (including

hypersomnia, parasomnia, sleep-related breathing disorder, sleep-related movement disorder

and circadian rhythm sleep disorder). In addition, routine fasting laboratory investigations

(blood cell count, liver, renal and thyroid function) in the morning were used to exclude those

with serious medical conditions. All participants were free of any psychoactive medication at

least 1 week prior to the sleep laboratory examination. Participants with antihypertensive, dia-

betes or thyroid medication were not excluded from the current study. During the two nights

of examination in our sleep laboratory, patients had to refrain from alcohol and caffeine. All

patients were asked to complete the Pittsburgh Sleep Quality Index (PSQI) [21], a 19-item

measure of different aspects of sleep quality, and the Beck depression inventory [22], a 21-item

measure of depression levels.

The study was conducted in accordance with the Declaration of Helsinki. The study proto-

col was approved by the Institutional Review Board of the University Medical Centre Freiburg.

Written consent was taken from all patients prior to the examination in the sleep laboratory,

allowing us to analyse their data in retrospective studies.

Insomnia and short sleep
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Polysomnography

All patients underwent two consecutive nights of PSG sleep monitoring. Sleep was recorded

for eight hours from 22:24 h ± 27 min until 6:24 h ± 27 min adjusted to individual habitual

bedtimes. All recordings included EEG (C3-A2; C4-A1), EOG (horizontal and vertical) and

EMG (submental), and were scored visually by experienced raters according to the AASM cri-

teria [23]. All patients were screened for apneas and periodic leg movements by monitoring

abdominal and thoracic effort, nasal airflow, oxymetry, and bilateral tibialis anterior EMG.

Sleep recordings were evaluated for the following parameters of sleep continuity: total sleep

time (TST); sleep efficiency (ratio of TST to time in bed); sleep onset latency defined as time

from lights out until sleep onset (defined as first epoch of stage 2); wake after sleep onset

(WASO) defined as difference between sleep period time (SPT; time from sleep onset until

final awakening) and TST; number of awakenings; and arousal index (the number of arousals

per hour). Sleep architecture parameters were percentages of stages 1, 2, slow wave sleep

(SWS) and rapid eye movement sleep (REM) referred to SPT.

Key measurements

Polysomnographic TST was used to divide patients into two groups, namely insomnia patients

with short sleep duration (TST< 6 hours) and insomnia patients with normal sleep duration

(TST� 6 hours). Classification used to allocate patients to short (< 6) or the normal sleep

(� 6 hours) sub-group was based on two consecutive nights of PSG sleep monitoring. Conse-

quently, patients assigned to the sub-group short sleep (based on the first night) may differ

from patients assigned to the sub-group short sleep (based on the second night). Blood pres-

sure was routinely measured by trained nurses in the morning after awakening, and a resting

period. Until April 2010, this was done manually, since April 2010 digitally (Boso Medicus

Uno; Boso Germany; http://www.boso.de/). Hypertension was defined as a systolic blood pres-

sure of� 140 mm Hg, a diastolic blood pressure of� 90 mm Hg [24], antihypertensive medi-

cation, or a previously established diagnosis. Routine fasting laboratory samples were taken

from all patients in the morning after the first sleep laboratory night. Type 2 diabetes was

defined as a fasting plasma glucose level of� 126 mg/dl [25], diabetes medication, or a previ-

ously established diagnosis. For exploratory purposes, laboratory samples were also analysed

with respect to erythrocytes, haemoglobin, haematocrit, mean corpuscular volume (MCV),

leukocytes, thrombocytes, creatinine, alanine aminotransferase (ALT), γ-glutamyl transpepti-

dase (γGT), and thyroid-stimulating hormone (TSH).

Statistical analysis

Group differences in demographic and polysomnographic data were investigated using two-

sample t-tests and chi-squared tests. The impact of the insomnia sub-group (short vs normal

sleep duration) on hypertension, type 2 diabetes and insomnia duration was investigated using

logistic regression analyses (hypertension, type 2 diabetes) and linear regression analyses

(insomnia duration). For these analyses, three different models were applied. Model 1 included

age and sex as covariates. Model 2 included the covariates of model 1 as well as the sleep apnea

index from the first night as additional covariate. Model 3 included the covariates of model 2

as well as BMI and BDI scores as additional covariates. Exploratory analyses of laboratory

parameters were conducted using one-way ANOVAs with age and sex as covariates. For these

analyses, liver enzymes were logarithmically transformed because of highly skewed distribu-

tions. In addition, the analysis of TSH was restricted to individuals without thyroid medica-

tion. Of note, all analyses were carried out separately for both classifications (short vs. normal

sleep subgroup) for both nights (first and second night). The level of significance was set at
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p< 0.05 (two-tailed) for all analyses. All analyses were carried out using the statistical software

package R (http://www.R-project.org/).

Results

Sample characteristics

The total sample of 328 patients had a mean age of 44.3 ± 12.2 years, a mean BMI of 23.8 ± 3.6

kg/m2, a mean score of 11.2 ± 3.2 on the PSQI, and a mean score of 6.4 ± 4.5 on the BDI (after

exclusion of the two sleep-related items). Demographic characteristics of the study sample,

when classifying the group into insomnia patients with short sleep duration and insomnia

patients with normal sleep duration, are presented in Table 1. Of note, 47 patients had a

TST< 6 hours in both nights. Insomnia patients with short sleep duration were significantly

older than insomnia patients with normal sleep duration (classification based on the first

night: t = 5.35; p< 0.001; classification based on the second night: t = 5.08; p< 0.001). No

other significant group differences were apparent for either classification. According to the

clinical interview, seventeen patients suffered from sleep-onset insomnia, 116 from sleep-

maintenance insomnia, and 189 from mixed insomnia. In 6 patients, the type of insomnia

could not be determined retrospectively. Nine patients suffered from type 2 diabetes. Out of

these, 3 patients were on diabetes medication (two of them on metformin, and one on metfor-

min and sitagliptin) and 8 patients had a fasting plasma glucose level of> 125mg/dl. Thus, 2

patients presented with a fasting plasma glucose level of> 125mg/dl despite being on diabetes

medication. Ninety-seven patients suffered from hypertension. Out of these, 25 patients

received antihypertensive medication and 83 patients had either a diastolic blood

pressure > 90 mm Hg or a systolic blood pressure > 140 mm Hg (33 patients with> 90 mm

Hg and 73 patients with> 140 mm Hg). Thus, 11 patients presented either with a diastolic

blood pressure > 90 mm Hg or a systolic blood pressure > 140 mm Hg despite being on anti-

hypertensive medication.

Polysomnography

Polysomnographic data are presented in Table 2 (first night) and Table 3 (second night). By

design, there were pronounced differences between insomnia patients with short sleep dura-

tion and insomnia patients with normal sleep duration in terms of sleep continuity and sleep

architecture of both nights. Of note, when the second night was used for sub-group classifica-

tion, the sleep apnea index in the first night was greater in those with short sleep duration com-

pared to those with normal sleep duration.

Hypertension

In the full sample, 97 patients (31.5%) had hypertension (35.0% of those with short sleep dura-

tion in the first night; 28.6% of those with normal sleep duration in the first night; 43.5% of

those with short sleep duration in the second night; and 28.5% of those with normal sleep

duration in the second night).

Model 1 (including age, and sex as covariates) did not show any significant association

between short sleep duration and hypertension in comparison with normal sleep duration

(sub-group classification based on the first night: OR 0.79, CI 0.46–1.36; sub-group classifica-

tion based on the second night: OR 1.21, CI 0.64–2.29).

Likewise, Models 2 (including the covariates of model 1 as well as the sleep apnea index

from the first night as additional covariate) and 3 (including the covariates of model 2 as well

as BMI and BDI scores as additional covariates), did also not show any significant association
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between short sleep duration and hypertension (Model 2, sub-group classification based on

the first night: OR 0.90, CI 0.51–1.59; sub-group classification based on the second night: OR

1.46, CI 0.74–2.88; Model 3, sub-group classification based on the first night: OR 0.80, CI

0.41–1.55; sub-group classification based on the second night: OR 1.82, CI 0.82–4.02).

Type 2 diabetes

In the full sample, 9 patients (3.8%) had type 2 diabetes (4.7% of those with short sleep dura-

tion in the first night; 3.1% of those with normal sleep duration in the first night; 7.7% of those

with short sleep duration in the second night; and 2.7% of those with normal sleep duration in

the second night).

Model 1 (including age, and sex as covariates) did not show any significant association

between short sleep duration and type 2 diabetes in comparison with normal sleep duration

(sub-group classification based on the first night: OR 1.40, CI: 0.35–5.58; sub-group classifica-

tion based on the second night: OR 2.93, CI: 0.70–12.26).

Likewise, Models 2 (including the covariates of model 1 as well as the sleep apnea index

from the first night as additional covariate) and 3 (including the covariates of model 2 as well

Table 1. Description of the study population (means ± standard deviations).

Short sleep (1. night) Normal sleep (1. night) t/χ2 Short sleep (2. night) Normal sleep (2. night) t/χ2

Sex (M/F) 61/87 64/116 0.88 23/41 102/162 0.07

Age (years) 48.1 ± 11.7 41.2 ± 11.8 5.35*** 51.4 ± 12.6 42.6 ± 11.5 5.08***

BMI (kg/m2) 23.9 ± 3.5 23.7 ± 3.7 0.43 24.0 ± 4.1 23.8 ± 3.4 0.37

PSQI 11.5 ± 3.1 10.9 ± 3.3 1.68 11.7 ± 2.9 11.1 ± 3.3 1.56

BDI 6.1 ± 4.1 6.6 ± 4.9 -1.07 6.1 ± 4.6 6.4 ± 4.5 -0.50

BMI: body mass index; PSQI: Pittsburgh Sleep Quality Index; BDI: Beck Depression Inventory;

***: p < 0.001.

https://doi.org/10.1371/journal.pone.0180339.t001

Table 2. Polysomnographic data from the first sleep laboratory night (means ± standard deviations).

Short sleep (1. night) Normal sleep (1. night) t Short sleep (2. night) Normal sleep (2. night) t

TST (min) 302.8 ± 41.9 407.0 ± 28.3 -25.80*** 318.0 ± 64.7 370.2 ± 57.8 -5.90***

Sleep efficiency (%) 63.2 ± 8.8 84.7 ± 5.9 -25.61*** 66.3 ± 13.4 77.1 ± 12.0 -5.92***

SOL (min) 35.5 ± 26.6 18.7 ± 12.8 7.01*** 30.0 ± 22.0 25.4 ± 21.8 1.50

WASO (min) 117.2 ± 47.3 48.8 ± 24.6 15.90*** 108.4 ± 55.5 72.7 ± 46.0 4.77***

NOA 35.4 ± 17.7 29.4 ± 12.5 3.46*** 36.9 ± 16.8 31.0 ± 14.8 2.58*

Arousal index (h-1) 21.7 ± 8.4 17.6 ± 7.7 4.50*** 21.5 ± 8.3 19.0 ± 8.2 2.17*

Sleep apnea index (h-1) 0.5 ± 0.9 0.5 ± 1.0 0.11 1.0 ± 1.5 0.4 ± 0.7 2.97**

PLMS arousal index (h-1) 0.6 ± 1.5 0.6 ± 1.4 0.02 0.5 ± 1.1 0.6 ± 1.5 -0.51

Stage 1 (% SPT) 11.0 ± 5.3 9.8 ± 5.1 2.07* 10.9 ± 5.0 10.2 ± 5.3 0.95

Stage 2 (% SPT) 44.8 ± 9.6 55.4 ± 6.6 -11.37*** 45.0 ± 11.6 51.9 ± 8.6 -4.46***

SWS (% SPT) 3.6 ± 5.1 5.4 ± 6.3 -2.87** 4.2 ± 5.7 4.7 ± 5.9 -0.64

REM (% SPT) 13.1 ± 5.0 18.6 ± 4.6 -10.29*** 14.5 ± 5.4 16.5 ± 5.5 -2.57*

TST: total sleep time; SOL: sleep-onset latency; WASO: wake after sleep onset; NOA: number of awakenings; PLMS: periodic leg movements during sleep;

SWS: slow wave sleep; REM: rapid eye movement sleep;

*: p < 0.05;

**: p < 0.01;

***: p < 0.001.

https://doi.org/10.1371/journal.pone.0180339.t002
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as BMI and BDI scores as additional covariates), did also not show any significant association

between short sleep duration and type 2 diabetes (Model 2, sub-group classification based on

the first night: OR 1.54, CI: 0.39–6.15; sub-group classification based on the second night: OR

2.57, CI 0.57–11.49; Model 3, sub-group classification based on the first night: OR 1.39, CI

0.34–5.67; sub-group classification based on the second night: OR 2.30, CI 0.48–10.96).

Insomnia duration

Insomnia duration was 11.3 ± 11.0 years in the entire sample (13.3 ± 11.9 years in those with

short sleep duration in the first night; 9.6 ± 9.8 years in those with normal sleep duration in the

first night; 13.0 ± 13.0 years in those with short sleep duration in the second night; and

10.9 ± 10.4 years in those with normal sleep duration in the second night).

Model 1 (including age, and sex as covariates) showed a significantly increased insomnia

duration in those with short sleep in the first night in comparison to those with normal sleep

in the first night (β = 1.99; F = 9.03; p = 0.003), but no significant group difference when sub-

groups were classified according to the second night (β = -0.47; F = 1.90; p = 0.169).

The significant group difference persisted in model 2 and model 3 when sub-groups were

classified according to the first night (model 2: β = 1.68; F = 6.39; p = 0.012; model 3: β = 2.22;

F = 6.02; p = 0.015), as did the lack of significant group difference for models 2 and 3 when

sub-groups were classified according to the second night (model 2: β = -1.15; F = 1.66;

p = 0.199; model 3: β = 0.18; F = 3.34; p = 0.069).

Insomnia duration for those with short sleep duration and normal sleep duration according

to the first sleep laboratory night are presented in Fig 1.

Routine laboratory parameters

The results of the routine laboratory parameters are presented in Table 4. Levels of both liver

enzymes (ALT, γGT) were higher in insomnia patients with short sleep duration compared to

those with normal sleep duration, both when sub-groups were classified according to the first

and second night. These group differences were relatively stable when controlling for alcohol

use (sub-group classification based on the first night: ALT: β = 0.10; F = 6.31, p = 0.013; γGT: β

Table 3. Polysomnographic data from the second sleep laboratory night (means ± standard deviations).

Short sleep (1. night) Normal sleep (1. night) t Short sleep (2. night) Normal sleep (2. night) t

TST (min) 368.3 ± 56.8 411.3 ± 37.3 -7.90*** 307.8 ± 45.8 412.3 ± 26.1 -17.57***

Sleep efficiency (%) 76.8 ± 11.9 85.6 ± 7.8 -7.72*** 64.2 ± 9.6 85.9 ± 5.4 -17.44***

SOL (min) 20.3 ± 19.4 15.7 ± 11.1 2.58* 25.1 ± 24.7 16.0 ± 11.8 2.89**

WASO (min) 77.8 ± 51.8 46.6 ± 32.7 6.35*** 126.5 ± 51.8 44.8 ± 24.0 12.31***

NOA 34.4 ± 17.3 27.6 ± 12.6 4.05*** 38.5 ± 20.3 28.8 ± 13.1 3.66***

Arousal index (h-1) 17.7 ± 6.6 15.5 ± 6.5 2.93** 18.7 ± 6.9 16.0 ± 6.5 2.91**

Stage 1 (% SPT) 9.3 ± 4.3 8.6 ± 4.5 1.42 9.7 ± 4.1 8.8 ± 4.5 1.62

Stage 2 (% SPT) 50.4 ± 10.7 54.9 ± 7.6 -4.24*** 42.0 ± 9.6 55.5 ± 7.1 -10.57***

SWS (% SPT) 4.8 ± 6.4 6.0 ± 6.6 -1.61 4.6 ± 6.3 5.6 ± 6.6 -1.16

REM (% SPT) 17.8 ± 4.9 20.2 ± 4.6 -4.49*** 15.0 ± 4.3 20.1 ± 4.5 -8.47***

TST: total sleep time; SOL: sleep-onset latency; WASO: wake after sleep onset; NOA: number of awakenings; SWS: slow wave sleep; REM: rapid eye

movement sleep;

*: p < 0.05;

**: p < 0.01;

***: p < 0.001.

https://doi.org/10.1371/journal.pone.0180339.t003
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= 0.11; F = 6.68, p = 0.010; sub-group classification based on the second night: ALT: β = 0.16;

F = 4.62, p = 0.033; γGT: β = 0.13; F = 3.50, p = 0.063).

In addition, erythrocytes, haemoglobin and haematocrit were significantly increased in

insomnia patients with short sleep duration in the first night in comparison to those with nor-

mal sleep duration in the first night. This difference was not evident when sub-groups were

classified according to the second night.

Discussion

The results of the current Freiburg Cohort corroborate previous findings [15] that insomnia

with objective short sleep duration is characterised by a longer duration of insomnia in com-

parison with insomnia with normal sleep duration. In detail, those with short sleep duration in

Fig 1. Insomnia duration for insomnia patients with short and normal sleep duration in the first sleep laboratory night. Insomnia

patients with short sleep duration had a significantly longer insomnia duration than insomnia patients with normal sleep duration

(p = 0.003 for model 1).

https://doi.org/10.1371/journal.pone.0180339.g001
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the first sleep laboratory night had a 3.7 years longer insomnia duration in comparison with

those with normal sleep duration. Moreover, as a new finding, insomnia patients with objec-

tive short sleep duration appear to present with increases in liver enzyme levels. However, we

did not find any support for the assumption that insomnia with objective short sleep duration

is specifically associated with hypertension, a finding that has been reported in studies based

on the Penn State Cohort [13,14].

Several differences between our Freiburg Cohort and the Penn State Cohort may explain

the discordance of the results. First, the current sample included fewer insomnia patients with

hypertension and type 2 diabetes than the Penn State Cohort, in which these disorders were

purposefully oversampled. This results in a reduction of statistical power in the current study,

which is particularly evident for the analysis of type 2 diabetes. In the course of the analysis it

turned out that only 9 patients with insomnia presented with type 2 diabetes in the current

sample compared to 36 patients with insomnia in the Penn State Cohort. Because of this and

other limitations of the current analyses of type 2 diabetes (see below in the limitations sec-

tion), the non-significant results on the association between sleep duration and type 2 diabetes

in those with insomnia should be regarded as non-conclusive. In the analysis of hypertension,

we included 97 and the Penn State Cohort 103 patients with insomnia and hypertension. With

respect to statistical power, it is also important to note that we included more insomnia

patients than the Penn State Cohort (328 vs. 199), while the Penn State Cohort had a substan-

tially larger overall sample size with 1741 community-sampled individuals including healthy

subjects and individuals with poor sleep who did not meet diagnostic criteria for insomnia.

Possibly, subjective insomnia severity, as well as polysomnographically determined SOL and

WASO were also different between the cohorts, however, details were not reported in Vgont-

zas et al. [13] and Vgontzas et al. [14].

Second, in our study, patients underwent two nights of PSG sleep monitoring, whereas the

Penn State Cohort included only one night. It is, however, unlikely that this difference

accounts for the discrepancy in the results on hypertension and type 2 diabetes as we have pro-

vided analyses for the first night that are equivalent to those of Vgontzas et al. [13,14]. With

respect to duration of insomnia, our results replicate the ones by Vgontzas et al. [15], i.e. we

found a negative association between TST in the first sleep laboratory night and insomnia

duration. Insomnia patients with objective short sleep duration may, thus, be particularly

Table 4. Routine laboratory parameters (means ± standard deviations).

n Short sleep (1. night) Normal sleep (1. night) F Short sleep (2. night) Normal sleep (2. night) F

Erythrocytes (x 106/μl) 292 4.81 ± 0.43 4.73 ± 0.41 5.15* 4.78 ± 0.37 4.76 ± 0.43 0.15

Haemoglobin (g/dl) 292 14.4 ± 1.3 14.1 ± 1.3 6.27* 14.3 ± 1.4 14.2 ± 1.3 0.57

Haematocrit (%) 292 42.6 ± 3.5 41.9 ± 3.3 5.72* 42.6 ± 3.4 42.1 ± 3.4 2.05

MCV (fl) 292 88.8 ± 5.3 88.7 ± 3.6 0.02 89.5 ± 6.5 88.5 ± 3.7 2.21

Leukocytes (x 103/μl) 292 5.92 ± 1.39 5.94 ± 1.56 0.01 5.96 ± 1.39 5.92 ± 1.51 0.03

Thrombocytes (x 103/μl) 291 246 ± 57 248 ± 55 0.06 249 ± 57 247 ± 56 0.11

Creatinine (mg/dl) 237 0.84 ± 0.14 0.84 ± 0.15 0.14 0.87 ± 0.16 0.83 ± 0.14 3.53

ALT (U/l) 247 23.1 ± 16.8 19.2 ± 11.7 5.85* 23.9 ± 13.0 20.1 ± 14.5 6.67*

γGT (U/l) 250 25.3 ± 26.8 17.8 ± 10.2 6.65* 23.7 ± 15.3 20.4 ± 20.6 7.01**

TSH (μU/ml) 155 2.01 ± 1.31 1.80 ± 0.87 1.45 1.93 ± 1.41 1.88 ± 0.97 0.05

MCV: erythrocyte mean corpuscular volume; ALT: alanine aminotransferase; γGT: gamma glutamyl transferase; TSH: thyroid stimulating hormone;

*: p < 0.05;

**: p < 0.01.

https://doi.org/10.1371/journal.pone.0180339.t004
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prone to a longer duration of insomnia because they suffer from a more severe form of the dis-

order. However, we did not find this association for the second sleep laboratory night. Thus,

this pattern of results may be best explained by the assumption that sleep reactivity [26], i.e.

the tendency to show sleep disturbance when facing a stressful sleep challenge like the first

night in a sleep laboratory [27], is a maintaining factor of insomnia, and, thus, leads to a longer

duration of insomnia.

Third, it is not entirely clear whether the publications of the Penn State Cohort are based

on exploratory or confirmatory data analyses with a priori hypotheses. This is of particular

importance as exploratory analyses are associated with an increased risk of false-positive find-

ings, especially when a large number of significance tests were conducted [28]. In particular,

varying criteria for sub-grouping is rather typical for exploratory than for confirmatory data

analysis (compare [13,16,29]).

In general, it should be noted that our clinical sample appears to be representative of the

population of insomnia patients who are investigated in specialised sleep medicine centres.

This is suggested by the mean PSQI score (11.2), which is in the range of previous studies on

insomnia [30,31,32]. Moreover, comparing the PSG data of the current sample with a recent

meta-analysis on polysomnographic sleep in insomnia [33] suggests that our sample is repre-

sentative in terms of objective TST (391 vs. 392 min) and SOL (20 vs. 18 min).

The exploratory finding of increased liver enzymes in those with insomnia and short sleep

duration is a new finding. Of particular importance, this finding holds true even when control-

ling for alcohol consumption. As alcohol consumption has been assessed subjectively without

objective validation, and we could not control for lifetime history of hypnotic use, it is, how-

ever, still conceivable that this finding relates to an increased substance use in those patients

with objective short sleep duration. Moreover, it should be noted that most ALT and γGT val-

ues were in the normal range. Nevertheless, this finding may stimulate further research into

the association of objective sleep duration and liver diseases in individuals with insomnia. In

addition, we found increases in red blood cells and haemoglobin/haematocrit in insomnia

patients with short sleep duration in the first night. However, as this finding was not evident

when sub-groups were classified according to the second night, this finding should be repli-

cated before firm conclusions can be drawn.

Four limitations of the current study need to be addressed. First, we have analysed data

from routine clinical practice which might have been assessed in a less standardised manner

than the one of prospective clinical studies. For example, blood pressure was measured manu-

ally in some individuals and digitally in others. This may have increased the error variance in

the corresponding analyses. Second, the Freiburg Insomnia Cohort was healthier than the

Penn State Cohort including fewer insomnia patients with hypertension and type 2 diabetes.

This has probably reduced the statistical power for several analyses. However, while both sam-

ples may be considered as small, it should also be noted that we had a larger sample of insom-

nia patients than the Penn State Cohort. Third, we did not have any information about the

history of hypoglycemic events in our study participants or data on long-term blood glucose

levels. Finally, as the study had a cross-sectional design, conclusions about causality cannot be

drawn.

In summary, both the Penn State Cohort and the Freiburg Insomnia Cohort reported a sig-

nificant negative association between total sleep time in the first sleep laboratory night and

insomnia duration. This supports the assumption that insomnia can be divided into distinct

sub-groups as suggested by Vgontzas et al. [12]. However, our new data challenge the findings

of the Penn State Cohort that insomnia patients with short sleep duration are more likely to

suffer from hypertension. Thus, these findings of the Penn State Cohort may still be considered

preliminary observations which should be further investigated. Our exploratory finding, the
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association between insomnia with objective short sleep duration and increased liver enzymes

awaits further testing and validation.
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kungen durch eine Behandlung von Insomnien. Somnologie 2015; 19: 93–97.

10. Sofi F, Cesari F, Casini A, Macchi C, Abbate R, Gensini GF. Insomnia and risk of cardiovascular dis-

ease: a meta-analysis. Eur J Prev Cardiol 2014; 21: 57–64. https://doi.org/10.1177/2047487312460020

PMID: 22942213

11. Meng L, Zheng Y, Hui R. The relationship of sleep duration and insomnia to risk of hypertension inci-

dence: a meta-analysis of prospective cohort studies. Hypertens Res 2013; 36: 57–64.

12. Vgontzas AN, Fernandez-Mendoza J, Liao D, Bixler EO. Insomnia with objective short sleep duration:

The most biologically severe phenotype of the disorder. Sleep Med Rev 2013; 17: 241–254. https://doi.

org/10.1016/j.smrv.2012.09.005 PMID: 23419741

13. Vgontzas AN, Liao D, Bixler EO, Chrousos GP, Vela-Bueno A. Insomnia with objective short sleep dura-

tion is associated with a high risk for hypertension. Sleep 2009a; 32: 491–497.

14. Vgontzas AN, Liao D, Pejovic S, Calhoun S, Karataraki M, Bixler EO. Insomnia with objective short

sleep duration is associated with type 2 diabetes: A population-based study. Diabetes Care 2009b; 32:

1980–1985.

15. Vgontzas AN, Fernandez-Mendoza J, Bixler EO, Singareddy R, Shaffer ML, Calhoun SL, et al. Persis-

tent insomnia: the role of objective short sleep duration and mental health. Sleep 2012; 35: 61–68.

https://doi.org/10.5665/sleep.1586 PMID: 22215919

Insomnia and short sleep

PLOS ONE | https://doi.org/10.1371/journal.pone.0180339 July 26, 2017 11 / 12

https://doi.org/10.1038/nrdp.2015.26
http://www.ncbi.nlm.nih.gov/pubmed/27189779
https://doi.org/10.1016/S1474-4422(15)00021-6
https://doi.org/10.1016/S1474-4422(15)00021-6
http://www.ncbi.nlm.nih.gov/pubmed/25895933
https://doi.org/10.1016/j.smrv.2009.07.004
http://www.ncbi.nlm.nih.gov/pubmed/19962922
https://doi.org/10.1016/j.smrv.2010.01.003
https://doi.org/10.1016/j.smrv.2010.01.003
http://www.ncbi.nlm.nih.gov/pubmed/20359916
http://www.ncbi.nlm.nih.gov/pubmed/16453985
http://www.ncbi.nlm.nih.gov/pubmed/12531146
https://doi.org/10.1016/j.jad.2011.01.011
http://www.ncbi.nlm.nih.gov/pubmed/21300408
https://doi.org/10.1177/2047487312460020
http://www.ncbi.nlm.nih.gov/pubmed/22942213
https://doi.org/10.1016/j.smrv.2012.09.005
https://doi.org/10.1016/j.smrv.2012.09.005
http://www.ncbi.nlm.nih.gov/pubmed/23419741
https://doi.org/10.5665/sleep.1586
http://www.ncbi.nlm.nih.gov/pubmed/22215919
https://doi.org/10.1371/journal.pone.0180339


16. Fernandez-Mendoza J, Vgontzas AN, Liao D, Shaffer ML, Vela-Bueno A, Basta M, et al. Insomnia with

objective short sleep duration and incident hypertension: the Penn State Cohort. Hypertension 2012;

60: 929–935. https://doi.org/10.1161/HYPERTENSIONAHA.112.193268 PMID: 22892811

17. Vgontzas AN, Liao D, Pejovic S, Calhoun S, Karataraki M, Basta M, et al. Insomnia with short sleep

duration and mortality: the Penn State cohort. Sleep 2010; 33: 1159–1164. PMID: 20857861

18. Bathgate CJ, Edinger JD, Wyatt JK, Krystal AD. Objective but Not Subjective Short Sleep Duration

Associated with Increased Risk for Hypertension in Individuals with Insomnia. SLEEP 2016; 39: 1037–

1045. https://doi.org/10.5665/sleep.5748 PMID: 26951399

19. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fourth Edi-

tion, Text Revision (DSM-IV-TR). Washington, DC: American Psychiatric Association, 2000.

20. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. Fifth Edition

(DSM-5). Arlington, VA: American Psychiatric Publishing, 2013.

21. Buysse DJ, Reynolds CF III, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: A

new instrument for psychiatric practice and research. Psychiatry Research 1989; 28: 193–213. PMID:

2748771

22. Beck AT, Steer RA. Beck Depression Inventory. San Antonio: The Psychological Corporation, 1987.

23. Iber C, Ancoli-Israel S, Chesson A, Quan SF. The AASM manual for the scoring of sleep and associated

events: rules, terminology, and technical specification. Westchester, IL: American Academy of Sleep

Medicine, 2007.

24. James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C, Handler J, et al. 2014 evi-

dence-based guideline for the management of high blood pressure in adults: report from the panel

members appointed to the Eighth Joint National Committee (JNC 8). JAMA 2014; 311: 507–520.

https://doi.org/10.1001/jama.2013.284427 PMID: 24352797

25. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus and its complica-

tions. Part 1: diagnosis and classification of diabetes mellitus provisional report of a WHO consultation.

Diabet Med 1998; 15: 539–553. https://doi.org/10.1002/(SICI)1096-9136(199807)15:7<539::AID-

DIA668>3.0.CO;2-S PMID: 9686693

26. Drake CL, Pillai V, Roth T. Stress and sleep reactivity: a prospective investigation of the stress-diathesis

model of insomnia. Sleep 2014; 37: 1295–1304. https://doi.org/10.5665/sleep.3916 PMID: 25083009

27. Hirscher V, Unbehaun T, Feige B, Nissen C, Riemann D, Spiegelhalder K. Patients with primary insom-

nia in the sleep laboratory: do they present with typical nights of sleep? J Sleep Res 2015; 24: 383–389.

https://doi.org/10.1111/jsr.12280 PMID: 25659408

28. Ioannidis JPA. Why Most Published Research Findings Are False. 2005; 2.

29. Li Y, Vgontzas AN, Fernandez-Mendoza J, Bixler EO, Sun Y, Zhou J, et al. Insomnia with physiological

hyperarousal is associated with hypertension. Hypertension 2015; 65: 644–650. https://doi.org/10.

1161/HYPERTENSIONAHA.114.04604 PMID: 25624338

30. Spiegelhalder K, Regen W, Prem M, Baglioni C, Nissen C, Feige B, et al. Reduced anterior internal cap-

sule white matter integrity in primary insomnia. Hum Brain Mapp. 2014 Jul; 35: 3431–3438. PMID:

25050429
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