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CAFFEINE IS A WIDELY USED STIMULANT WITH 
MARKED VARIATIONS IN BEHAVIORAL RESPONSE 
BETWEEN INDIVIDUALS. POSITIVE BEHAVIORAL 
responses may include increased alertness and physical activity, 
although these may represent a withdrawal reversal mechanism 
operating in habitual caffeine users,1-3 whereas responses such as 
heightened nervousness and sleep disturbance would be considered 
negative.4-6 Some people experience no effects whatsoever of caf-
feine ingestion. Significant individual differences in the extent of 
wakefulness (i.e., delay of sleep onset) and soundness of sleep due 
to caffeine have been observed in subjects who were blind to place-
bo or caffeine administration an hour prior to bedtime.4 In the pres-
ent study, we investigate the genetic and environmental sources of 
these individual differences and further analyze the genetic and en-
vironmental relationship of caffeine-related sleep disturbance with 
other types of sleep disturbance and measures of sleep quality.

A number of twin studies have reported substantial heritability 
(i.e., proportion of variance in a trait due to genes) for amount of 
coffee and tea consumed.7-9 Kendler et al9 studied female twin 
pairs and found that twin resemblance for coffee consumption, 
heavy caffeine use, caffeine intoxication, withdrawal and 
tolerance could be ascribed solely to genetic factors, with broad 

heritabilities ranging 0.35 to 0.77. More recently, in our study 
comprising men and women, overall tea and coffee consumption 
showed a heritability (h²) of 0.48, although the genetic relationship 
between tea and coffee consumption differed between sexes, 
thus highlighting the potential for sex-specific genetic and 
environmental effects on caffeine related phenotypes.8

Genetic variation in sleep disturbance has also been confirmed 
in several twin studies.10-12 Partinen and colleagues10 reported a 
heritability of 0.44 for both duration of sleep and sleep quality in 
a sample of 2238 monozygotic and 4545 dizygotic Finnish adult 
twins. In the sample used in the present study, we showed that at 
least 33% of the variance in sleep disturbance and sleep quality 
was due to genes, with the remainder accounted for by unique 
environmental influences, that is, specific to the individual.11 
However, we did not investigate the measure of caffeine-
related sleep disturbance nor the relationship between the sleep 
disturbance and quality of sleep measures.

An early exploratory study13 of monozygotic twins showing 
significant within-pair concordance for insomnia after drinking 
coffee raises the question of whether sleep disturbance due to 
caffeine is inherited. We address this question in a large sample 
of monozygotic and dizygotic twin pairs who have been geno-
typed for up to 1717 microsatellite markers. First, we investigate 
whether the etiology of caffeine-induced sleep disturbance dif-
fers from that of other sleep disturbance, and then we use ge-
nome-wide linkage analysis to see which chromosomal regions 
(quantitative trait loci) are implicated in coffee-attributed sleep 
disturbance. We expect to find specific effects of genes on cof-
fee-attributed insomnia, which may relate to genetic variation in 
caffeine metabolism or sensitivity.14 Significant areas of linkage 
will be scanned for candidate genes influencing adenosine recep-
tors to which caffeine binds15 and caffeine metabolism.16
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METHODS

Between the years 1980 and 1982, a Health and Lifestyle Ques-
tionnaire, containing demographic, lifestyle, health, reproductive 
history (women only), personality, and social attitudes informa-
tion was mailed to 5867 pairs of twins over the age of 18 who 
were registered with the Australian Twin Registry. Responses 
were obtained from 3808 complete twin pairs (1233 monozygotic 
women, 566 monozygotic men, 746 dizygotic women, 351 dizy-
gotic men, 912 dizygotic opposite sex). At the time of response, 
the maximum age in the sample was 88 years, and the mean was 
34.5 (±14.2) years. Initially, zygosity of twins was mostly de-
termined on the basis of responses to standard questions about 
physical similarity and the degree to which others confused them 
with one another. This method has been shown to give at least 
95% agreement with the diagnosis based on extensive blood typ-
ing.17 Inconsistencies in the twins’ responses were followed up by 
phone and by asking them to send in photos, reducing the misclas-
sification rate still further. More recently, the zygosity of 20.1% 
of the same-sex pairs has been confirmed through whole genome 
scans (described below).

Measures of Sleep Disturbance

A number of sleep-disturbance items (initial insomnia, sleep 
quality, sleep variability) from the sleep questionnaire of Johns18 
were included along with items measuring depressed insomnia, 
anxious insomnia, and sleeplessness from respective Delusions-
Symptoms States Inventory depression, Delusions Symptoms 
States Inventory anxiety, and Eysenck Personality Questionnaire 
neuroticism scales.19,20 The final item related to sleeplessness in-
duced by coffee consumption.

Measures of subjective sleep quality and sleep disturbance 
were as follows:

(i) Overall quality: “How would you describe the quality of 
your usual sleep over the last few months?”

 (1) very good (2) good (3) fair (4) poor (5) very poor
(ii) Variability of quality: “How much would you say the 

quality of your sleep varies from one night to the other?” 
(1) not at all (2) slightly (3) moderately (4) very much

(iii) Initial insomnia: “How often does it take you much longer 
than usual to get off to sleep?”

 (1) less than once a month (2) 1 to 4 times per month (3) 
more than once a week (4) most nights

(iv) Anxious insomnia: “Recently, worrying has kept me 
awake at night.”

 (1) not at all (2) a little (3) a lot (4) unbearably
(v) Depressed insomnia: “Recently I have been so miserable 

that I have had difficulty with my sleep.”
 (1) not at all (2) a little (3) a lot (4) unbearably
(vi) Neurotic insomnia: “Do you suffer from sleeplessness?” 

(1) no (2) yes
(vii) Coffee-attributed insomnia: “If you were to drink coffee 

in the evening, would it stop you from getting to sleep at 
night?”

 (1) never (2) sometimes (3) usually (4) always
Because the data were coded as categorical, they were ana-

lyzed in terms of threshold models that assume that underlying 
each variable is a continuum of liability that is normally distrib-
uted in the population and in which thresholds are imposed to 
define the category boundaries.21

Genetic Linkage Sample

A subsample of 1989 individuals (814 sibling pairs—724 dizy-
gotic, 90 monozygotic; 361 single cases) from 1175 families had 
been genotyped with 200 to 1395 microsatellite markers (mean 
of 690 ± 287) spanning the genome. This linkage sample was 
drawn from a larger Australian sample that had been genotyped 
in overlapping studies by 6 different facilities—Gemini Genom-
ics, UK; Leiden University Medical Centre, The Netherlands; 
Mammalian Genotyping Service, Marshfield, Wisconsin, USA; 
Sequana Therapeutics Inc., San Francisco, CA, USA; Australian 
Genome Research Facility (AGRF); and The Finnish Genome 
Centre, University of Helsinki, Finland—as part of various other 
linkage studies. The scans from 5 of these facilities have been 

Table 1—Information for Each of the Genome Scans after Pedigree Errors were Resolved but Before Genotyping Errors were Corrected (Without 
Marker Cut-off)

 Individual Genotyping Datasets
 Gemini Leiden Marshfield Sequana Sequana AGRF Helsinki
     fine-mapping
Individuals 1,144 502 6,452 558 2,170 1,671 734
Families 387 249 1,891 213 607 414 158
All markers 384 435 778 499 120 394 383
Autosomal markers 366 416 746 482 120 376 366
Total number of genotypes 361,123 158,126 3,103,329 246,966 230,542 651,433 260,755
Genotypes per marker 987+/-129 378+/-105 3,989+/-2191 511+/-48 1,921+/-210 1,653+/-45 681+/-41
 Mean +/- SD (range) (223-1,124) (76-493) (1,659-6,364) (257-556) (36-2,115) (1,053-1,671) (73-699)
Genotypes per individual 316+/-41 315+/-70 481+/-165 443+/-27 106+/-22 390+/-12 355+/-80
 Mean +/- SD (range) (25-362) (4-405) (1-777) (240-476) (2-119) (93-394) (1-382)
Marker heterozygosity % 78+/-7 78+/-9 71+/-10 74+/-11 76+/-10 77+/-10 77+/-9
 Mean +/- SD (range) (43-94) (4-98) (25-91) (18-100) (37-93) (34-93) (40-94)
Inter-marker distance cM 9.6+/-4.3 8.5+/-4.5 4.7+/-2.9 6.9+/-6.0 7.1+/-9.0 9.4+/-3.8 9.7+/-4.1
 Mean +/- SD (range) (1.4-35.3) (0.01-22.1) (0.01-15.9) (0.001-33.7) (0.001-82) (1.4-29.1) (1.4-29.1)
Information content 0.49+/-0.10 0.33+/-0.09 0.57+/-0.13 0.40+/-0.09 0.72+/-0.16 0.70+/-0.08 0.63+/-0.08
 Mean +/- SD (range) (0.30-0.66) (0.18-0.48) (0.01-0.82) (0.21-0.57) (0.26-0.88) (0.34-0.89) (0.33-0.82)
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described in detail (see22, but, since then, additional genotyping 
for 4575 new individuals (from 1204 families) has been per-
formed by the Mammalian Genotyping Service, and new scans 
are available from AGRF and the Finnish Genome Centre. 10cM 
genome scans were performed by AGRF and the Finnish Genome 
Centre using the same standard set of ABI-2 markers (Applied 
Biosystems, Foster City, CA, USA). The AGRF scan included 
1671 individuals from 414 families who had been measured for 
smoking, anxiety, and alcohol-related traits.23 Those typed by the 
Finnish Genome Centre were part of a migraine study and com-
prised 734 individuals from 158 families—the process of the ge-
nome-wide screen for this sample has been previously described 
in detail.24 The additional subjects genotyped through Marshfield 
were drawn from studies of migraine, asthma, anxiety, and effects 
of alcohol and were genotyped for a 10cM scan using markers 
from the Weber screening set 16 (http://research.marshfieldclinic.
org/genetics/GeneticResearch/screeningsets.asp). A summary of 
the genotype datasets from which the sleep sample was drawn 
is shown in Table 1. This table details individual, family, sibling 
pairs, and genotype sample sizes and marker information follow-
ing removal of pedigree errors.

Error checking (pedigree errors, Mendelian inconsistencies, 
map errors) was performed using GRR, RELPAIR, SIBPAIR, 
MERLIN, GENEHUNTER, and MENDEL programs—this 
procedure, along with a description of how genome scans were 
merged, is fully described in Cornes et al.22 Table 2 displays mark-
er and sample sizes of the raw data and progressively cleaned data 
for the entire genotype data. The cleaned and combined genome 
scan data included 2161 autosomal markers (of which 763 were 
duplicates) for 8554 individuals.

Statistical Analysis

Multivariate Decomposition of Genetic and Environmental Variance

To estimate the proportions of additive genetic, common 
environmental, and unique environmental covariance between the 
measures of sleep disturbance, the classical twin design was used. 
This design is based on the comparison of monozygotic twin pairs 

who share 100% of their genes with dizygotic twins who share, on 
average, 50% of their segregating genes.25 Additive genetic effects 
(transmissible from parent to child) are considered important if the 
correlation of monozygotic co-twins on the trait is at least twice 
that of dizygotic co-twins. Simultaneous equations, established 
by the known relationship among monozygotic and dizygotic co-
twins, were therefore applied to the data [rMZ = A + C; rDZ = ½A 
+ C]. Unique (or nonshared) environmental effects—that include 
measurement error—are not shared by co-twins and are hence 
absent from the covariance equations. By using the same logic, 
the genetic and environmental covariation between traits is based 
on the comparison of monozygotic and dizygotic cross-trait co-
twin correlations. Covariance estimates were derived using a full 
information maximum likelihood procedure based on analysis of 
raw categorical data in the statistical package Mx 26, which takes 
full account of missing data. The fixed effects of age and sex 
were parameterized in terms of an age regression coefficient and 
a sex deviation, which were set equal across the 5 zygosity groups 
(monozygotic women, monozygotic men, dizygotic women, 
dizygotic men, dizygotic opposite sex).

As the main aim of the multivariate analysis was to establish 
whether the genetic effects on coffee-attributed insomnia 
totally overlapped with those influencing other measures of 
sleep disturbance, an atheoretical model, known as a Cholesky 
decomposition, was applied to the data. In this decomposition of 
genetic and environmental covariance, as many factors as there 
are variables for each source of variance are modeled. The first 
factor in the model loads on all variables, with each successive 
factor loading on all variables but the previous one or ones.21 
By specifying coffee-attributed insomnia as the last variable in 
the decomposition, we were able to test whether specific genes 
(unrelated to the other measures) influence this trait. Reduced 
models (i.e., with fewer parameters) are favored if the likelihood 
ratio χ2 comparing the models is less than the critical value (α = 
0.05) of the χ2 distribution for the degrees of freedom difference 
between models. This indicates that there is no significant 
difference between the saturated model and the reduced model. 
Initially, a Cholesky decomposition that estimated separate male 
and female components of variance (additive genetic, common 

Table 2—Information on Combined Genome Scan Data at 3 Different Stages

 Combined Gemini, Leiden, Marshfield, Sequana, AGRF, Helsinki Dataset
 Raw Cleaned Cleaned + cut-off
Individuals 9,217 9,215 8,554
Families 2,516 2,510 2,355
Sibpairs 7,158 7,156 6,786
All markers 2,281 2,267 2,267
Autosomal markers 2,177 2,161 2,161
Total number of genotypes 4,813,091 4,760,192 4,698,595
Genotyped individuals per marker Mean +/- SD (range) 2,117+/-1,982 (90-6,364) 2,100+/-1,964 (90-6,347) 2,073+/-1,963 (90-6,333)
Genotyped markers per individual Mean +/- SD (range) 522+/-255 (1-1,725) 517+/-251 (1-1,707) 549+/-230 (199-1,707)
Genotyped sibpairs per marker Mean +/- SD (range) 1,437+/-1,463 (2-4,419) 1,421+/-1,420 (1-4,394) 1,409+/-1,418 (1-4,373)
Genotyped markers per sibpair Mean +/- SD (range) 473+/-207 (1-1,612) 466+/-203 (1-1,603) 484+/-190 (1-1,603)
Marker heterozygosity % Mean +/- SD (range) 74+/-11 (4-98) 74+/-11 (4-98) 74+/-11 (4-98)
Sibpair inter-marker distance cM Mean +/- SD (range) 8.5+/-3.5 (0.2-122) 8.5+/-3.5 (0.2-122) 8.4+/-2.2 (2.3-16)
Information content Mean +/- SD (range) 0.63+/-0.07 (0.27-0.82) 0.63+/-0.07 (0.27-0.82) 0.65+/-0.07 (0.27-0.83)

Note: Raw: data merged but no genotyping errors corrected; Cleaned: genotyping and duplication marker problems resolved; Cleaned and cut off: 
with individuals genotyped for less than 198 markers omitted.
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environmental, and unique environmental) was specified, and the 
equality of these paths was then tested by constraining them equal 
and evaluating the goodness of model fit.

Genetic Linkage Analysis

Nonparametric linkage analysis of coffee-attributed insomnia 
was performed in MERLIN27 using a 5cM grid for spacing of 
markers and including sex and age as covariates. Linkage on the X 
chromosome was similarly analyzed but using the companion pro-
gram to MERLIN, MINX.28 Monozygotic twins and single cases, 
while contributing to trait variance, did not contribute to linkage 
in the analyses. Because sibling pairs share none, 1, or both their 
genes at any locus across the genome, these analyses rely on the 
estimation of probabilities of gene sharing (known as identity by 
descent [IBD] sharing) between sibling pairs and then the testing 
of excess IBD sharing among individuals in the same tail of the 
trait distribution (i.e., affected group). Because there was low en-
dorsement of categories 1 and 2 for this measure (coffee “always” 
and “usually” keeps me awake), the measure was transformed 
into a dichotomous scale: categories 2, 3, and 4 versus category 
1). Two analyses were performed: one in which the affected group 

represented those who were kept awake by coffee (always/usu-
ally/sometimes), and the other in which those never affected by 
coffee (i.e., coffee resistant) were treated as the affected group. 
The significance of the Quantitative Trait Locus (QTL) effect is 
evaluated by the resulting logarithm-of-odds (LOD) score (based 
on the comparison of affected pairs’ IBD sharing with the null 
hypothesis of simple Mendelian segregation). Significance levels 
were derived empirically from 1000 gene-dropping simulations 
using MERLIN.27 Empirical LOD scores were calculated for sug-
gestive linkage (corresponding to 1 expected false positive per 
genome scan) and significant linkage (1 expected false positive 
per 20 genome scans).29,30

Linkage results from the affected sibling-pairs analysis were 
compared with those from an analysis in Mx that used all data, as-
suming a threshold model. The unobserved liability of the trait is 
modeled, and evidence for linkage is obtained if there is a correla-
tion between IBD status and similarity of liability. In this model, 
information from concordant “coffee-resistant” pairs, concordant 
“coffee-affected” pairs, and discordant pairs are used. The vari-
ance components model in this analysis included additive genetic 
effects, unique environmental effects, and QTL (Q) effects. The 
sib-pair covariance included additive genetic effects and Q ef-
fects, where Q was conditioned by the estimated proportion of 
alleles shared (IBD see31,32). This model was fitted to raw ordinal 
data. Due to the lengthy computational time of this analysis, it 
was impractical to estimate empirical P values for these results.

RESULTS

Descriptive

The response rates for coffee-attributed sleep disturbance are 
shown separately for men and women in Table 3, with women 
reporting higher coffee-attributed insomnia than men. Test-retest 
data for 87 individuals measured twice over a 3-month interval 
indicated that the coffee-attributed sleep disturbance item was 

Table 3—Response Rates for Women and Men on the Measure of 
Coffee-Attributed Sleep Disturbancea

 Always Usually Sometimes Never No answer
Females
(N=4870) 3.7% 7.0% 21.4% 58.7% 9.2%

Males
(N=2746) 2.4% 5.5% 18.8% 64.4% 8.9%

Note: Of the 689 individuals who gave no answer, 88% reported that 
they drank no coffee.

Figure 1—Path diagram representing the additive genetic (A) and common environmental (C) factor structure of the covariance between sleep 
disturbance measures in women.
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reliable, demonstrating a polychoric test-retest correlation of 
0.80. The frequency distribution of responses for the other sleep-
disturbance measures (except neurotic insomnia) and their test-
retest reliability have previously been reported by Heath et al.6 
For these measures, women reported greater sleep disturbance 
than men, with the exception of quality of sleep variability. For 
neurotic insomnia, 21.7% of women reported suffering from 
sleeplessness, whereas 15.5% of men responded yes to this 
item. Unlike in the analyses of Heath et al,6 we treated age as a 
continuous rather than categorical variable and modelled a linear 
association. We found that older people reported higher rates of 

neurotic insomnia, variability in sleep quality, initial insomnia, 
and coffee-attributed insomnia, whereas younger people tended 
to report more anxious insomnia and depressed insomnia.

Multivariate Decomposition of Genetic and Environmental Variance

The polychoric co-twin correlations for coffee-attributed 
insomnia were as follows: 0.39 (monozygotic women; n = 
1063 pairs), 0.46 (monozygotic men; n = 500), 0.12 (dizygotic 
women; n = 619), 0.23 (dizygotic men; n = 292), and 0.22 
(dizygotic opposite sex; n = 744). The higher monozygotic than 

Table 4—Maximum Likelihood Polychoric Phenotypic Correlations of Coffee-Attributed Sleep Disturbance with other Sleep Disturbance 
Variables, Separately for 4425 Women and 2501 Men

 Neurotic Anxious Depressed Variability of  Quality of  Initial
 insomnia  insomnia  insomnia  sleep quality sleep  insomnia
Females 0.31 0.23 0.26 0.24 0.24 0.37
Males 0.39 0.31 0.29 0.25 0.26 0.36

Table 5—Parameter Estimates of the Cholesky Decomposition of Unique Environmental Covariance Among Sleep Disturbance Measures in 
Women and Men (Men in Bold Type)

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7
Neurotic insomnia .81 .81
Anxious insomnia .48 .35 .67 .77
Depressed insomnia .45 .46 .45 .47 .51 .55
Variability of sleep
 quality .38 .40 .10 .11 .09 .07 .79 .80
Quality of sleep .56 .49 .09 .19 .07 .12 .15 .18 .57 .64
Initial insomnia .51 .39 .12 .18 .00 .13 .11 .12 .09 .12 .61 .65
Coffee-attributed
 insomnia .25 -.19 .05 .02 -.01 -.07 .03 .13 -.04 .02 .06 .18 .74 .70

Figure 2—Path diagram representing the additive genetic (A) and common environmental (C) factor structure of the covariance between sleep 
disturbance measures in men
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dizygotic correlations indicated that genes influence this trait 
(h² approximately 40%), and the observation that the dizygotic 
opposite-sex correlation was not less than the dizygotic same-sex 
correlations suggested the absence of sex-limited gene effects. 
Similarly, for neurotic insomnia, monozygotic correlations were 
higher than dizygotic correlations, with genetic effects lower for 
women (h² = 0.26) than men (h² = 0.40). Heritabilities of the other 
traits have previously been shown to range from 0.20 for sleep 
variability to 0.36 for anxious insomnia.11

Phenotypic correlations between coffee-attributed insomnia and 
the other sleep-disturbance measures were estimated separately 
for women and men (see Table 4). These correlations were not 
as strong as the intercorrelations among the non-coffee sleep-
disturbance measures, which ranged between 0.40 (sleep quality 
- depressed insomnia) and 0.79 (depressed - anxious insomnia) 
for women and between 0.44 (sleep quality - anxious insomnia) 
and 0.76 (depressed - anxious insomnia) for men.

All 7 variables were analyzed in a Cholesky decomposition, 
with separate genetic and environmental parameters estimated for 
women and men due to their inequality between sexes (∆χ²84 = 
115.2, P = 0.01). To overcome minimization problems, thresholds 
for each of the variables were fixed into the model based on their 
values estimated from the univariate genetic models. Additive 
genetic and common environmental parameters were tested for 
significance by first dropping entire factors from the saturated 
model, and, if these were significant, path coefficients with small 
values were individually tested for significance. All nonsignificant 
paths were removed from the model.

The most parsimonious model showed a nonsignificant χ2 
change of 37.97 (for 78 degrees of freedom) from the saturated 
model. Results of the additive genetic and common environmental 
factor structure of this model for women and men are presented 
in Figures 1 and 2, respectively. In these path diagrams, 
circles represent latent factors (A: additive genes; C: common 
environment), whereas rectangles represent the measured trait. 
The arrowed paths leading to the measured traits represent the 
influence of the latent factor on the trait, with the squared path 
coefficient an estimate of the percentage of variance explained 
by the latent factor on the trait. Due to the potential for correlated 
measurement error between variables, the unique environmental 
pathways were not reduced and are shown in full in Table 5. The 
main difference between sexes in the genetic factor structure was 
that coffee-attributed insomnia was influenced by 3 factors in 
women and 2 factors in men. The 3 genetic factors in women 
included a general sleep disturbance factor loading on all 
variables; a second loading on anxious insomnia, variability of 
sleep quality, and coffee-attributed insomnia; and a third factor 
influencing variability of sleep quality and coffee-attributed 
insomnia. In men, coffee-attributed insomnia was influenced by 
a general sleep disturbance factor and a second factor, which also 
influenced depressed insomnia but to a far lesser extent.

Linkage

The distribution of coffee-attributed sleep disturbance for this 
subsample was similar to the full sample, with respective frequen-

Figure 3—Linkage plot depicting chromosomal regions across the genome that are related to coffee-attributed insomnia. Results are shown for 
the affected pairs analyses (1. coffee never disturbs sleep; 2. coffee sometimes, usually or always disturbs sleep) and the threshold model analysis. 
Known genes related to caffeine effects in humans are shown, along with 2 candidate genes (DARPP-32, HCRT) under the 17q peak.
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cies of 3.6%, 6.6%, 23.5%, and 66.3% for those whose sleep was 
always, usually, sometimes, and never affected by coffee. Also, 
the sibling correlation for this trait (r = 0.13) did not differ from 
the dizygotic twin correlations found in the full sample, further 
suggesting that there was no sampling bias in this selected geno-
typing sample. Genome-wide linkage results of the affected-pairs 
analyses (i.e., where the affected group was treated as either (1) 
coffee resistant or (2) coffee-affected) and of the full distribution 
threshold model are shown in Figure 3. These plots are defined by 
the LOD score on the y-axis and the position of each of the mark-
ers along the x-axis. Known human genes involved in caffeine 
metabolism or central nervous system functioning are indicated 
on the graph, along with 2 additional candidate genes found under 
the 17q peak. For the “coffee-resistant” analysis, empirical values 
were suggestive at a LOD score of 1.3 and significant at a LOD 
score of 2.6, and, for analysis 2, empirical LOD scores were 1.4 
for suggestive and 2.8 for significant linkage. The only significant 
linkage was observed in the “coffee-resistant” analysis to the 2q 
region at 220cM (near D2S434; LOD score of 2.92). Suggestive 
linkage in this analysis was also found on the long arm of chro-
mosome 5, where a LOD score of 1.43 was observed at 150cM 
(D5S1480), and on 13q, with a LOD of 1.48 at 25cM (D13S1246). 
Other regions of note in this analysis were 10q22.3, demonstrat-
ing a LOD score of 1.21 at 100cM (D10S1696), and 18p (LOD 
of 1.14 at 25cM; GATA036). In the “coffee-affected” analysis, 
no linkage peaks exceeded the suggestive criterion, although a 
peak of 1.18 was observed on the short arm of chromosome 17 at 
65cM, and a LOD score of 1.13 was found on 6p at 55cM. The 
results of the thresholds analysis showed some consistent peaks 
with those of the affected-pairs analyses; the linkage peaks were 
lower on chromosomes 2, 10, 13, and 18 but higher on chromo-
some 17. Linkage peaks were most notably absent on chromo-
somes 5 and 6, where they had approached suggestive linkage in 
the respective “coffee-resistant” and “coffee-affected” analyses. 
Although no significant linkages were observed in the thresholds 
analysis, suggestive linkage was supported on 1p (LOD score of 
1.47 at 145cM; D1S2726) and 17q (LOD score of 1.47 at 65cM; 
GGAA19G04). Other regions of interest (LOD scores > 1) were 
found on chromosomes 4q, 11q, and 18p.

DISCUSSION

Individual differences in coffee-attributed sleep disturbance 
were shown to have an etiology comprised of additive genetic and 
unique environmental effects, and these were largely genetically 
and environmentally distinct from factors influencing general 
sleep quality and dimensions such as anxiety and depression. The 
structure of genetic and environmental effects on the covariation 
between sleep-disturbance measures differed slightly between 
women and men, but a general additive genetic factor was prom-
inent in both sexes. Importantly, a large specific genetic factor 
was found for coffee-attributed sleep disturbance in both sexes. 
A genome-wide screen of markers linked to coffee-attributed in-
somnia found significant linkage to a chromosomal region on 2q, 
influencing resilience to caffeine’s effects on sleep. Other regions 
of interest—but falling short of the significance criterion—were 
on 17q, 5q, 10q, 13q, and 6p.

In our study, less than half of the participants reported disturbed 
sleep attributed to coffee consumption before bedtime. Women 
reported a greater disturbance than men, and older people tended 

to be more sensitive to coffee’s stimulant effects on sleep. The 
heritability of this trait was roughly equal between sexes, esti-
mated at 0.37 in women and 0.42 in men. The remaining variation 
in this trait was due to the effect of unique environment; such 
effects are not shared between siblings and may include differ-
ences in daily caffeine consumption. We observed only 1% of 
covariance between caffeine consumption and coffee-attributed 
sleep disturbance in our sample: those who consumed more cof-
fee were less affected by coffee at bedtime (data not shown). In 
this analysis, no distinction between regular and decaffeinated 
coffee was made, since, in the 1980s, decaffeinated products were 
not in common use in Australia, neither were canned beverages 
such as Coca-Cola.

Although unique environmental influences were largely specif-
ic to coffee-attributed insomnia, a general unique environmental 
factor was also supported, although its smallest influence was on 
coffee-attributed insomnia. Other epidemiologic factors shown to 
influence sleep disturbance and patterns include exercise, edu-
cation, and marriage,6 all of which may differ between sibling 
pairs and may contribute to the general effects of unique environ-
ment on sleep disturbance. Common environment contributed to 
variation in some of the sleep-disturbance measures, especially 
for women, but there was no effect of common environment on 
coffee-attributed insomnia.

The sleep-disturbance measures were strongly influenced by 
a general genetic factor, which in both women and men most 
strongly influenced neurotic insomnia (i.e., suffering from sleep-
lessness). Although coffee-attributed insomnia was influenced by 
this factor, so that a person who generally suffered from sleep-
lessness would also be kept awake by coffee, a greater amount 
of genetic variance in this measure was explained by nongeneral 
influences. In women, most genetic variance (24%) was from a 
factor that also loaded to a lesser extent on variability of sleep 
quality. In men, this largely specific genetic effect on coffee-at-
tributed insomnia (29%) also influenced depressed insomnia but 
not variability of sleep quality. In women, there was a further 
factor that influenced coffee-attributed insomnia. This factor had 
its largest influence on variability of sleep, and its relationship 
with coffee-attributed insomnia was in the reverse direction of 
the phenotypic correlation (although the covariance was smaller 
than that due to the other factors), so that those kept awake by 
coffee reported less-variable quality of sleep; they also reported 
less insomnia due to anxiety. These differences between sexes 
may partly result from differences in statistical power due to a 
larger female than male sample. Nonetheless, the results of the 
multivariate analysis confirmed that the main source of genetic 
variance for coffee-attributed insomnia was unrelated to a general 
sleep-disturbance factor.

The genetic linkage results of coffee-attributed insomnia re-
vealed 1 chromosomal region (2q) of major interest, although 
other peaks falling short of suggestive linkage were also ob-
served. Linkage peaks found in the “coffee-resistant” and “cof-
fee-affected” analyses showed little overlap with each other, even 
though they represented the extremes of the same trait. However, 
it should be noted that the sample size of the affected groups in 
these analyses differed substantially: 340 pairs were “coffee re-
sistant” versus 104 pairs who were “coffee affected.” Consistent 
with the “coffee-resistant” analysis being more powerful, the re-
sults of the threshold model showed a larger number of overlap-
ping linkage peaks with this analysis than that of the “coffee-af-
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fected” analysis and suggests that greater confidence should be 
placed in these results.

A significant region on 2q was observed in the group that was 
resistant against caffeine’s stimulant effect, whereas, in the caf-
feine-sensitive group, a region of suggestive linkage on 17q was 
identified. None of the known human genes related to caffeine 
metabolism or its targets in the central nervous system were lo-
cated under our linkage peaks (i.e., those with LOD scores greater 
than 1). This is not entirely surprising since caffeine metabolism 
per se was not sampled, and the extent to which it plays a role in 
coffee-attributed sleep disturbance is not known. However, within 
our chromosome 17q linkage peak lies the DARPP-32 (dopamine- 
and cyclic AMP-regulated phosphoprotein of relative molecular 
mass 32,000) gene (located at 68.25cM), the homolog of which, 
in mice, when knocked out, reduces the stimulatory effect of caf-
feine on motor activity 33; adenosine (to which caffeine binds) is 
one class of neurotransmitters that stimulates phosphorylation of 
DARPP-32.34 Another candidate gene, hypocretin (orexin) neuro-
peptide precursor (HCRT; located at 70.76cM), lying within this 
linkage peak has been associated with the regulation of sleep and 
arousal in humans.35,36 It is possible then that the 17q region is 
linked to general sleep disturbance rather than specifically to caf-
feine-related sleep disturbance.

Although our self-report measure of coffee-attributed sleep 
disturbance showed good reliability over time, the phrasing of the 
test item was general—not indicating, for example, the quantity 
of coffee consumed before bedtime and the length of the insom-
nia—potentially lessening the item’s validity. The distribution of 
our data may have therefore shown less variation than what truly 
exists in the population, although it was encouraging to observe 
sex and age effects consistent with other studies for general mea-
sures of sleep disturbance.

In summary, we showed that self-reported coffee-attributed 
insomnia is influenced mostly by genes that do not affect gen-
eral sleep disturbance. In women, these genes also influence vari-
ability in sleep quality, whereas, in men, these genes influence 
depressive insomnia. A genome-wide linkage analysis of coffee-
attributed insomnia revealed 1 significant chromosomal region 
on 2q in affected sibling pairs who were resilient to caffeine’s 
disruptive effects on sleep. Although no candidate genes fulfilling 
our requirements of involvement in caffeine metabolism, adenos-
ine-receptor function, or sleep and arousal were found under this 
peak, 2 candidate genes were identified on 17q, and these may be 
suitable for future genetic association studies of coffee-attributed 
sleep disturbance. In the future, we hope to obtain genome-wide 
association scans for this sample, which will give us much more 
power to identify the gene variants responsible for coffee-attrib-
uted sleep disturbance.
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