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ABSTRACT

CLINICAL ELECTROPHYSI0L06ICAL INVESTIGATION OF 

A SLEEP DISORDER RELATED TO A SUSPECTED NEUROTOXIN:

A FIELD STUDY ON MICHIGAN RESIDENTS EXPOSED TO PBB

by

• David M. Summers

Adviser:  P ro fe sso r  Sidney P. Diamond

The s leep  EEGs o f  twelve a d u l t  Michigan r e s i d e n t s ,  who had been 

exposed to  polybrominated b iphenyls  (PBBs) and who complained o f  hyper­

somnia, were recorded in  o rd e r  t o  determine o b j e c t i v e l y  the  c h a r a c t e r  

and e x te n t  o f  th e  r e p o r t e d  s le e p  d i s tu rb a n c e .  In a d d i t i o n  to  t h i s  

e le c t r o p h y s io lo g ic a l  s tu d y ,  neuropsychologica l  t e s t s  were adm in is te red  

to  each o f  th e  s u b j e c t s ,  and t h e i r  serum PBB l e v e l s  were measured.

Analysis  o f  the  s l e e p  da ta  revea led  a g r e a t e r  number o f  awakenings, 

an in c re ase  in eye movement d e n s i ty  o f  REM s l e e p ,  and a decrease  in 

s tag e  4 s le e p  as compared t o  a normal popu la t ion  o f  the  same age.  The 

o ld e r  s u b je c t s  a l s o  showed a decrease  in th e  amount o f  s tag e  3 s l e e p .

The p a t t e r n s  o f  s l e ep  were not  c o n s i s t e n t  with  th e  changes seen in 

pa tho lo g ica l  in c re a s e s  o r  d ecreases  in  the  amount o f  s l e e p .  To recon­

c i l e  the  observed s l e e p  changes o f  th e  s u b je c t s  wi th  t h e i r  s u b j e c t iv e  

r e p o r t s  o f  hypersomnia,  i t  i s  hypothes ized  t h a t  in c reased  number of  

awakenings and decreased  s ta g e  4 may c o n t r i b u te  t o  an i n f e r i o r  q u a l i t y  

o f  s leep  and to  an in c reased  time taken t o  complete a s l e e p  c y c le .

This in  tu rn  might produce an in c re a s e  in th e  time sp e n t  s l e e p in g  in 

o rd e r  to  achieve the  presumed r e s t o r a t i v e  e f f e c t s  o f  s l e e p .



The l e v e l s  o f  PBB were found to  c o r r e l a t e  with th e  amount o f  s tag e  

0 ,  th e  average d u ra t io n  o f  an awakening, th e  d u ra t io n  o f  f i r s t  REM 

p e r io d ,  and th e  eye movement d e n s i t y  in t h a t  p e r io d .  A s i g n i f i c a n t  

n eg a t iv e  c o r r e l a t i o n  was found between PBB l e v e l s  and t o t a l  s l e e p  t im e ,  

s l e e p  e f f i c i e n c y  index ,  the  number o f  slow wave s le ep  pe r iods  and th e  

number o f  s le ep  c y c l e s .  A comparison o f  s le ep  p r o f i l e s  o f  t h i s  group 

with  o t h e r  c l a s s e s  o f  p a th o lo g ic a l  s le ep  syndromes suggested  c l o s e s t  

resemblance to  th e  changes seen in ag ing .

The n eg a t iv e  c o r r e l a t i o n  o f  performance on th e  Mattis-Kovner Memory 

Recognition Test  and th e  A ssoc ia te  Learning Tes t  with measurements o f  

w akefu lness ,  and th e  r e s u l t s  o f  the  Benton Revised Visual Re ten t ion  T es t  

sugges t  t h a t  s u b je c t s  may have some degree o f  impairment o f  c o g n i t iv e  

fu n c t io n in g  s i m i l a r  to  t h a t  seen in aging.

Since t h i s  s tudy was not  designed to  determine the  s t a t u s  o f  PBB 

as a neu ro to x in ,  no s ta tem en t  can be made about i t s  causal  r e l a t i o n  to  

the  s le ep  d i s tu rb a n c e s  observed in t h i s  s u b j e c t  p op u la t io n .  However, 

th e  i n v e s t i g a t i o n  does e s t a b l i s h  th e  value  o f  s l e ep  a n a l y s i s  as an 

o b j e c t i v e  techn ique  in  environmental medicine f o r  c h a r a c t e r i z i n g  s le ep  

complaints  and f o r  recogn iz ing  a low degree o f  d i f f u s e  o rgan ic  b ra in  

dys fu n c t io n .  Furthermore, th e  c o r r e l a t i o n s  found between serum l e v e l s  

o f  PBB and changes in s le e p  p a t t e r n s  sugges t  t h a t  i f  s i g n i f i c a n t  s le ep  

complaints  p e r s i s t  in th e  exposed p o p u la t io n ,  a c o n t r o l l e d  s tudy 

should be done designed to  e v a lu a te  a causal  connection between PBB 

and c e n t r a l  nervous system changes.
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DEFINITION OF TERMS AND ABBREVIATIONS

PBB Polybrominated Biphenyl

HBB6 2 , 4 , 5 , 2 ' , 4 ' , 5 ' -Hexabromobiphenyl

E 2 , 3 , 4 , 2 ' , 4 ' , 5 ' -Hexabromobiphenyl

F 2 , 4 , 5 , 3 ' , 4 ' , 5 ' -Hexabromobi phenyl

HBBy 2 , 3 , 4 , 5 , 2 ' , 4 ' , 5 ' -Hexabromobiphenyl

SLEEP ONSET: The o nse t  o f  a pe r iod  o f  s ta g e  2 s le e p  which continued
w i thou t  i n t e r r u p t i o n  f o r  f i v e  minutes .

TIME IN BED (TIB): The per iod  o f  t ime between " l i g h t s  o f f "  and 
" l i g h t s  on".

SLEEP PERIOD TIME (SPT): The period  o f  time between s le e p  o n se t  and 
f i n a l  awakening.

TOTAL SLEEP TIME (TST): The per iod  o f  time spen t  in s t a g e s  1, 2 ,  3 ,  
4-and REM o f  s l e e p  between s le e p  o n se t  and f i n a l  awakening; the  
s le e p  pe r iod  time excluding  time spen t  awake.

SLEEP EFFICIENCY INDEX (SEI):  The t o t a l  s l e e p  time d iv ided  by the  
time in  bed; TST/TIB.

AWAKENING: During th e  s leep  per iod  t im e ,  a pe r iod  o f  wakefulness
which c o n s i s t e d  o f  a t  l e a s t  twenty seconds o f  s ta g e  0  and which 
inc luded  time spen t  in  s t a g e  1 , i f  p r e s e n t ,  be fo re  a r e t u r n  to  
s l e e p  which was de f ined  as th e  occurrence  o f  f i v e  minutes o r  
more o f  continuous s l e e p ,  i . e .  s t a g e  2, 3 ,  4 o r  REM.

STAGE SHIFT: A change from one s t a g e  to  a n o the r  s t a g e  dur ing  the  
s l e e p  pe r iod  t ime.

SLEEP ONSET LATENCY: The pe r iod  o f  time between " l i g h t s  o f f "  and
th e  on se t  o f  s l e e p ;  a l s o  the  l a t e n c y  to  s t a g e  2 .

LATENCY TO STAGE 0, 1, 3, 4 OR REM: The per iod  o f  t ime between
s le e p  o nse t  and th e  f i r s t  appearance o f  s t a g e  0 ,  1, 3 , 4 o r  REM.

EPOCH: An i n t e r v a l  o f  twenty seconds used to  segment th e  s le e p  record  
f o r  s l e e p  sco r in g  purposes.

EYE MOVEMENT (EM) DENSITY: The number o f  epochs o f  REM s le e p  which 
con ta ined  ra p id  eye movements d iv ided  by th e  t o t a l  number o f  
REM s le ep  epochs.



DEFINITION OF TERMS AND ABBREVIATIONS (contd.)

TWITCH: A body movement which continued  f o r  l e s s  than th r e e  seconds.

BODY MOVEMENT: A body movement which cont inued  f o r  t h r e e  seconds or
long er .

BODY MOVEMENT DENSITY (BMD): The sum o f  th e  number o f  t o t a l  s le ep
t ime and movement time epochs which con ta ined  a t  l e a s t  one body 
movement d iv id ed  by th e  t o t a l  sum o f  t o t a l  s leep  time and move­
ment t ime epochs.

MOVEMENT DENSITY (MD): The sum o f  the  number o f  t o t a l  s l e e p  time
and movement t ime epochs which con ta ined  a t  l e a s t  one tw i tch  or  
one body movement d iv ided  by th e  t o t a l  sum o f  t o t a l  s l e e p  time 
and movement t ime epochs.

SLOW WAVE SLEEP (SWS): Sleep scored s ta g e  2 ,  3 o r  4.

SLOW WAVE SLEEP PERIOD (SWSP): The amount o f  time spen t  in s tag es
2, 3 and 4 between th e  o n se t  o f  s le ep  and the  on se t  o f  the
f i r s t  REM per iod  o r  between th e  end o f  a REM per iod  and th e  
beginning o f  t h e  nex t  REM p e r io d .  A SWS period  was complete 
i f  a t  l e a s t  f i f t e e n  minutes in  d u r a t i o n ,  but  th e  f i n a l  SWS 
period  was complete i f  followed by a t  l e a s t  f i v e  minutes o f  
REM s l e e p .

RAPID EYE MOVEMENT PERIOD (REMP): The amount o f  time spen t  in  REM
sle ep  between two SWS p e r io d s .  The f i r s t  REM period  had no 
minimum d u r a t i o n .  L a te r  REM per iods  were complete i f  a t  l e a s t  
f i v e  minutes in l e n g th .  A f te r  th e  f i r s t  REM p e r io d ,  ep isodes  
o f  REM s le e p  l e s s  than  f i v e  minutes in d u ra t io n  were added to  
th e  preced ing  complete  REM p e r io d .  I f  l e s s  than f i f t e e n  minutes 
o f  con tinuous  SWS occurred  between two ep isodes  o f  REM s l e e p ,  
th e  ep isodes  were summed to. form one REM period  with th e  SWS 
added to  th e  p rev ious  complete  SWS p e r io d .  I f  f i f t e e n  minutes 
o r  more o f  con t inuous  SWS o c c u r re d ,  th e  REM s le ep  ep isodes  were 
c ons idered  to  be two d i s t i n c t  REM p e r io ds  i f  a t  l e a s t  f i v e  
minutes in d u r a t i o n .  The f i n a l  REM per iod  was complete i f  
fol lowed by a t  l e a s t  f i v e  minutes o f  SWS.

SLEEP CYCLE (SC): The amount o f  t ime composed o f  a SWS pe r iod  and
th e  fo l low ing  REM p e r io d .  A c y c le  was complete ,  i f  th e  REM 
period  was complete .

. xiv



INTRODUCTION

INTRODUCTION

In a c l i n i c a l  f i e l d  survey performed in  November, 1976 ( S e l i k o f f  

e t  a l . ,  1976),  a number o f  th e  Michigan d a i r y  farm r e s i d e n t s  and d i r e c t  

consumers o f  farm products  who were examined re p o r te d  a marked in c re a s e  

in s l e e p  requirement  and in s le ep  t ime.  I t  was suggested  t h a t  the  

s le ep  complain t  o f  hypersomnia might be r e l a t e d  to  th e  p r i o r  exposure 

to  polybrominated b iphenyls  (PBBs) through in g e s t io n  o f  contaminated 

farm produc ts .

The purpose o f  t h i s  re sea rch  was t o  i n v e s t i g a t e  th e  com pla in t ,  

using e l e c t r o p h y s io lo g ic a l  s le ep  reco rd ing  techn iques  to  determine  the  

type and e x t e n t  o f  th e  c l i n i c a l l y  r ep o r te d  s l e e p  d i s o r d e r  and to  ex­

amine r e l a t i o n s h i p s  among PBB, s le ep  and neuropsycholog ica l  pa ram eters .  

I t  was expected t h a t  th e  r e s u l t s  o f  the  s tudy would provide  neurophysio-  

l o g ic a l  da ta  which would supplement previous  r e s e a rc h  f i n d in g s  concern­

ing th e  n e u ro to x ico lo g ica l  consequences o f  human exposure to  PBBs.

A b r i e f  h i s t o r y  o f  the  Michigan-PBB contaminat ion  i n c i d e n t  w i l l  be 

g iven ,  fol lowed by a review o f  the  chemical and t o x i c  c h a r a c t e r i s t i c s  

o f  PBB with regard  to  animals and humans. The p h y s io lo g ic a l  b a s i s  o f  

th e  e lec t roencepha log raph  and the  c h a r a c t e r i z a t i o n  o f  s le e p  using  the  

e lec t roencepha log raph  w i l l  be reviewed, be fo re  mentioning o t h e r  s le ep  

d i s o r d e r s  a s so c ia te d  with chemical i n t o x i c a t i o n .  F i n a l l y ,  th e  assump­

t i o n s ,  purposes and design  o f  th e  p re s e n t  i n v e s t i g a t i o n  w i l l  be 

o u t l i n e d .
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THE MICHIGAN-PBB INCIDENT

In 1973 th e  Michigan Chemical Corporat ion was manufacturing 

Nutrimaster®, which i s  magnesium ox ide ,  and FireMaster  FF~1®, which i s  

a mixture  o f  polybrominated biphenyls  (PBBs). Non-toxic Nutr imaster  

was used as a d a i r y  feed supplement to  i n c re a s e  milk p rod u c t io n ,  while  

t o x ic  FireMaster  FF-1, which p h y s i c a l ly  resembled N u tr im a s te r ,  was 

u t i l i z e d  as a flame r e t a r d a n t  f o r  th e rm o p la s t i c s  (Kay, 1977). The 

Michigan Chemical Corp. supp l ied  Nutr im aste r  t o  th e  Farm Bureau Serv­

i c e s ,  Inc .  who added i t  t o  c a t t l e  feed and d i s t r i b u t e d  th e  mixed feed 

(0.4% magnesium) to  d a i r y  farmers  (Kay, 1977).

During th e  summer o f  1973 th e  Michigan Chemical Corp. p l a n t  a t  

S t .  Louis ,  Michigan shipped FireMaster  FF-1, i n s t e a d  o f  N u t r im as te r ,  

to  the  Farm Bureau S e rv ices  a t  B a t t l e  Creek,  Michigan ( C a r t e r ,  1976).

At t h a t  time both products  were packaged in p la in  brown bags with the  

t r a d e  name s t e n c i l l e d  in  b lack  ac ro ss  the  top (Cordle e t  a l . ,  1978).

In Ju ly  th e  Farm Bureau Se rv ices  mixed between 500-1,000 pounds o f  PBB 

in to  c a t t l e  feed and d i s t r i b u t e d  th e  contaminated feed w i th in  th e  s t a t e  

o f  Michigan ( C a r t e r ,  1976). I n d i r e c t  contamina t ion  o f  o th e r  animal 

feeds occurred  through the  use o f  PBB contaminated feed m il l  equipment 

(Dunckel, 1975). Consequently ,  PBB exposure was extended from c a t t l e  

to  inc lude  a l l  l i v e s t o c k .

In l a t e  September, 1973, Frank H a lb e r t ,  a Michigan d a i r y  fa rm er ,  

was th e  f i r s t  t o  r e p o r t  t o x ic  e f f e c t s  from th e  use o f  PBB contaminated 

feed .  His c a t t l e  e x h ib i t e d  a n o re x ia ,  weight  l o s s ,  decreased  milk 

p ro d u c t io n ,  hematomas, abnormal hoof growth and h a i r  l o s s ;  and in the  

next  s i x  months 5% o f  h i s  herd o f  400 cows d ied  (Jackson and H a lb e r t ,  

1974). H a lber t  p e r s i s t e n t l y  a t tempted  to  d i s c o v e r  th e  feed contamin­
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a n t ,  and due to  h i s  e f f o r t s  in  A p r i l ,  1974 Dr. George F. F r ie s  by using 

gas chromatography and mass spectrom etry  a t  th e  U.S.D.A. l a b o r a to r y  a t  

B e l t s v i l l e ,  Maryland i d e n t i f i e d  th e  contaminant  as PBB ( C a r t e r ,  1976).

Immediately fo l lowing t h i s  d iscovery  th e  Michigan Department of  

A g r ic u l tu re  began to  i n v e s t i g a t e  the  PBB contam ina t ion  problem. Michigan 

farm f a m i l i e s  and t h e i r  neighbors as well as the  general  p o p u la t io n ,  to  

a l e s s e r  e x t e n t ,  were exposed to  PBB through in g e s t io n  o f  contaminated 

farm products  such as m ilk ,  o th e r  d a i r y  p ro d u c ts ,  meat and eggs f o r  a t  

l e a s t  t h e  per iod  from J u ly ,  1973 through May, 1974 ( C a r t e r ,  1976). By 

th e  end o f  1975, the  Michigan Department o f  A g r ic u l tu re  had qua ran t ined  

500 farms,  had des t royed  29,800 cows, 5,920 hogs,  1,470 sheep-and 1.5 

m i l l io n  ch ickens ,  and had bur ied  865 tons  o f  f e e d ,  17,990 pounds o f  

cheese ,  2,630 pounds o f  b u t t e r ,  34,000 pounds o f  dry  mild products  and 

5 m i l l io n  eggs ( C a r t e r ,  1976).

'The Michigan Chemical Corp. s topped manufactur ing F ireMaster  FF-1 

in 1974 as a consequence o f  th e  Michigan-PBB in c i d e n t  (Di Carlo  e t  a l . ,  

1978) which has come to  be considered  th e  c o s t l i e s t  contamina t ion  

episode  in the  h i s t o r y  o f  United S t a te s  a g r i c u l t u r e  ( I s l e i b  and 

Whitehead, 1975).

FIREMASTER FF-1: P0LYBR0MINATED BIPHENYLS

FireMaster  FF-1 i s  a combination o f  F ireMaster  BP-6 ®(Michigan 

Chemical Corp.)  and 2% calcium p o l y s i l i c a t e ,  an a n t i c a k in g  compound 

(Di Carlo e t  a l . ,  1978). F ireMaster  FF-1 has a bromine c o n te n t  o f  

75% (Kay, 1977) and i s  chemical ly  r e l a t i v e l y  i n e r t  (Getty  e t  a l . ,

1977). F ireMaster  BP- 6  i s  a s o l i d ,  s o f t e n s  a t  72° C, decomposes 

above 300° C, i s  h igh ly  so lu b le  in non-po la r  s o lv e n ts  and i s  v i r t u a l l y
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i n s o lu b le  in  wa ter  (Di Carlo e t  a l . ,  1978). Both FireMaster  products  

e x h i b i t  n e a r ly  i d e n t i c a l  i som eric  composit ion (Norstrom e t  a l . ,  1976).

FireMaster  BP- 6  i s  a m ix ture  o f  polybrominated b iphenyls  composed 

o f  4% p e n ta - ,  63% hexa- and 33% heptabromobiphenyls (Hass e t  a l . ,  1978). 

Twelve brominated biphenyl congeners have been determined through th e  

use o f  gas chromatography: A) 2 , 4 , 5 , 2 '  , 5 ' - p e n t a - ,  B) 2 , 4 , 5 , 3 '  , 4 ' - p e n t a - ,  

C) hexa- ,  D) 2 , 4 , 5 , 2 ' , 4 * , 5 ' - h e x a - ,  (HBB6 ) , E) 2 , 3 , 4 , 2 ’ , 4 ' , 5 ' - h e x a - ,

F) 2 , 4 , 5 , 3 * , 4 ' , 5 ' - h e x a - ,  G) h e p ta - ,  H) 2 , 3 , 4 , 5 , 2 ' , 4 ’ , 5 ' - h e p t a - ,  (HBB7 ) , 

I) h e p ta - ,  J )  h e p ta - ,  K) o c t a -  and L) 2 , 3 , 4 , 5 , 2 ' , 3 ' , 4 ' ,5 ' -o c ta b ro m o b i -  

phenyl (Moore and Aus t ,  1978; STRUCTURE IDENTIFICATION: A,B,E,F,L-Moore 

and Aust ,  1978; D -  Jacobs e t  a l . ,  1976 and Sundstrom e t  a l . ,  1976;

H -  Hass e t  a l . ,  1978 and Moore e t  a l . ,  1978b).

The major components o f  FireMaster  BP- 6  a re  HBBg (F igure  1, p . 5)

and HBB7  which comprise 56 and 27 p e rc e n t ,  r e s p e c t iv e ly  (Moore, 1978). 

Because HBBg i s  th e  major component o f  FireMaster  BP- 6  and the  congener 

s to re d  in  t h e  t i s s u e s  in th e  h ig h es t  c o n c e n t ra t io n  ( e .g .  r a t -  Ecobichon 

e t  a l . ,  1979), th e  blood and t i s s u e  l e v e l s  o f  HBBg have been determined 

by s tan d a rd  gas chromatographic  techn ique  and used as t h e  b io lo g ic a l  

i n d i c a t o r s  o f  PBB a b s o r p t io n .  I t  i s  p o s s ib l e ,  however, t h a t  f u t u r e  

r e s e a rc h  o f  FireMaster  BP- 6  wi l l  i n d i c a t e  a congener o t h e r  than HBBg or  

a contaminant  as the  t o x ic  subs tance  o f  primary importance.

PBBs a re  e a s i l y  absorbed in th e  g a s t r o - i n t e s t i n a l  system o f  most

h igher  animals (Di Carlo  e t  a l . ,  1978). Cows absorbed e i g h t y - f i v e  

p e rc en t  o f  th e  in g es te d  FireMaster  FF-1 (Robl e t  a l . ,  1978), whi le  r a t s  

absorbed n in e ty  pe rc en t  o r  more o f  th e  dose o f  HBBg (Matthews e t  a l . ,

1977). F r i e s  e t  a l .  (1976) found t h a t  during  o ra l  exposure to  F i r e ­

Master  BP- 6  th e  heptabromobiphenyls and th e  octabromobiphenyls were
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Figure 1: 2,4,5,2',4',5'-HEXABROMOBIPHENYL (HBBg)
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ex cre te d  in the  f e c e s  o f  ch ickens  in a g r e a t e r  p ro p o r t io n  than  HBBg.

HBB7  was r e t a in e d  in  f a t  in  much lower r e l a t i v e  c o n c e n t r a t i o n s  as com­

pared to  HBBg in  th e  r a t  (Kimbrough e t  a l . ,  1978),  cow ( F r i e s ,  1978) 

and chicken ( F r i e s  e t  a l . ,  1976). Whether th e  more brominated congeners 

(seven bromines o r  more) a r e  l e s s  e a s i l y  absorbed in the  gu t  o r  more 

r e a d i l y  e l im in a te d  through b i l i a r y  e x c re t io n  has not  y e t  been de te rmined .

A f te r  a b so rp t io n  PBB i s  d i s t r i b u t e d  i n to  th e  f a t  o f  th e  major 

t i s s u e s  and organs o f  th e  body. In th e  r a t  HBB6  was found to  be d i s ­

t r i b u t e d  i n i t i a l l y  in th e  h ig h e s t  amounts in f a t t y  t i s s u e  and in  the  

h igh ly  b lood-per fused  l i v e r  and muscle and l a t e r  to  be r e d i s t r i b u t e d  

ou t  o f  th e  l i v e r  and muscle i n to  adipose t i s s u e  (Matthews e t  a l . ,  1977). 

C orbe t t  e t  a l .  (1978a) r e p o r te d  t h a t  in  mice the  c o n c e n t r a t io n  o f  PBB 

in th e  b ra in  i n i t i a l l y  was r e l a t i v e l y  high but  l a t e r  was much lower.

A f te r  reach ing  a s teady  s t a t e ,  HBBg i s  d i s t r i b u t e d  in th e  h ig h e s t  con­

c e n t r a t i o n  in ad ipose  t i s s u e  followed next  by t h a t  in th e  l i v e r  in th e  

r a t  (H a r r is  e t  a l . ,  1978a; Me Cormack e t  a l . ,  1979), cow (Gutenmann and 

Li sk,  1975; F r ie s  e t  a l . ,  1978; Robl e t  a l . ,  1978), pig (Ku e t  a l . ,

1978) and sheep (Gutenmann and Li sk,  1975). Matthews e t  a l .  (1977) 

found t h a t  the  d i s t r i b u t i o n  o f  HBBg in th e  r a t  was th e  same f o r  both 

o ra l  and i n t r a p e r i t o n e a l  exposure .  Wolff and S e l i k o f f  (1979) r e p o r te d  

t h a t  th e  d i s t r i b u t i o n  o f  th e  homologs o f  FireMaster  FF-1 was th e  same 

in  th e  f a t  as in th e  blood serum o f  th e  r a t .

PBB has been found to  c o n c e n t r a te  in body t i s s u e .  The r a t i o s  o f  

th e  d i e t  t o  ad ipose  t i s s u e  c o n c e n t r a t io n s  o f  HBBg were 1 t o  4 o r  1 to  

3 f o r  ch ickens  ( F r i e s  e t  a l . ,  1976; Po l in  and Ringer ,  1978) and 1 to  

50 f o r  cows (Robl e t  a l . ,  1978).

The bromobiphenyls o f  F ireMaster  BP- 6  undergo very l i t t l e  meta-



b o l i c  deg rad a t io n .  Kohli and Safe  (1976) r e p o r te d  t h a t  a f t e r  seven days 

only about one pe rc en t  o f  an i n t r a p e r i t o n e a l  dose o f  F i reM aster  BP- 6  had 

been excre ted  in  the  u r in e  and fe c e s  o f  a pig as pentabromobiphenylol  

a c e t a t e ,  which was thought  t o  be a hydroxyla ted  m e ta b o l i t e  o f  one o f  the  

pentabromobiphenyl congeners .  HBBg has been found no t  t o  be s i g n i f i c a n t ­

ly  metabol ized  in th e  r a t  (Matthews e t  a l . ,  1977; Safe e t  a l . ,  1978) o r  

th e  dog (Matthews and Kato, 1979).

During o ra l  exposure HBBg e x c r e t io n  occurs  a lmost  e x c lu s iv e ly  in 

th e  fec e s  in th e  r a t  (Matthews e t  a l . ,  1977), pig  (Ku e t  a l . ,  1978) and 

cow ( W i l l e t t  and I r v i n g ,  1976). The primary ro u te  o f  e l im in a t io n  o f  

HBB6  i s  through th e  mi lk o f  l a c t a t i n g  cows (Cook e t  a l . ,  1978) and 

through th e  eggs o f  l ay ing  hens ( F r i e s  e t  a l . ,  1976). Once d i s t r i b u t e d  

HBBg has been found t o  be e l im in a te d  slowly and minimally  in th e  c h ic k ­

en (Pol i n  and Ringer,  1978), cow ( Wi l l e t t  and I r v i n g ,  1976), dog 

(Matthews and Kato, 1979) , pig (Kohli  and S a fe ,  1976) and r a t  (Matthews 

e t  a l . ,  1977). Matthews e t  a l . (1977) e s t im a ted  an i n f i n i t e  h a l f - l i f e  

f o r  HBBg in the  r a t .

In s tudying  th e  e l im in a t io n  r a t e s  o f  th e  congeners o f  F ireMaster  

FF-1 in th e  r a t ,  Wolff and S e l i k o f f  (1979) found t h a t  2 , 4 , 5 , 2 ' , 5 ' -  

pen ta -  and 2 , 4 , 5 , 3 ' , 4 ' , 5 '-hexabromobiphenyl  d isappea red  most q u ick ly  

from blood,  HBB7  and 2 , 4 , 5 , 3 ' , 4 ' -pentabromobiphenyl l e f t  a t  a s i m i l a r  

r a t e  and 2 , 3 , 4 , 2 ' , 4 ' , 5 '-hexabromobiphenyl remained a t  a f a i r l y  con­

s t a n t  l eve l  over fo r ty - tw o  days.

Hi l l  Top Research,  Inc.  (1970) conducted a s tudy f o r  th e  Michigan 

Chemical Corp. on th e  t o x i c i t y  o f  FireM aster  BP- 6  and re p o r t e d  f o r  the  

r a t  a r e l a t i v e l y  high acu te  o ra l  LDgQ o f  21 .5  g . / k g .  o f  body weight .

I t  a p pea rs ,  however, t h a t  due t o  th e  b io lo g ic a l  p e r s i s t e n c e  o f  PBB,



th e  chronic  r a t h e r  than th e  acu te  e f f e c t s  o f  exposure a re  o f  g r e a t e r  

s i g n i f i c a n c e .

In animals one o f  th e  primary symptoms o f  exposure to  PBB i s  ano­

r e x i a .  PBB i n to x i c a t i o n  produced decreased  body weight o r ,  in young

an im a ls ,  decreased  weight  gain  in th e  pig (Ku e t  a l . ,  1978),  chicken 

(Ringer ,  1978), cow (Durs t  e t  a l . ,  1977; Mercer e t  a l . ,  1978; Rob! e t  

a l . ,  1978), monkey (Al len e t  a l . ,  1978; Lambrecht e t  a l . ,  1978) and 

r a t  (G ar tho f f  e t  a l . ,  1977; Luste r  e t  a l . ,  1978; Me Cormack e t  a l . ,  

1978a, 1978b, 1979). Decreased food in tak e  was a l s o  noted in  the  pig 

(Ku e t  a l . ,  1978), chicken (Pol i n  and Ringer, 1978) and cow ( P re w i t t

e t  a l . ,  1975; Durst e t  a l . ,  1977; Mercer e t  a l . ,  1978).

The l i v e r  has been found to  be one o f  th e  primary organs a f f e c t e d  

by exposure  t o  PBB. An increased  l i v e r  weight a n d /o r  an in c reased  

l i v e r  weight/body weight  was repo r te d  to  occur a f t e r  exposure to  F i r e -  

Master FF-1 o r  BP- 6  in  -the pig (Ku e t  a l . ,  1978), r a b b i t  (Waritz  e t  a l . ,  

.1977), mouse (C o rbe t t  e t  a l . ,  1975, 1978b; Dent e t  a l . ,  1977) and r a t  

(C orbe t t  e t  a l . ,  1975; Dent e t  a l . ,  1976b; S l e ig h t  and Sanger,  1976; 

Babish and Stoewsand, 1977;. Evers e t  a l . ,  1977; G ar tho f f  e t  a l . ,  1977; 

H a r r is  e t  a l . ,  1978a; Kasza e t  a l ' . , 1978b; Mc Cormack e t  a l . ,  1978a, 

1979; Moore e t  a l . ,  1978a; Cagen e t  a l . ,  1979; Ecobichon e t  a l . ,  1979). 

Hypertrophy o f  hepa tocy tes  due to  PBB has been noted in th e  monkey 

(Lambrecht e t  a l . ,  1978),  mouse (Corbet t  e t  a l . ,  1978b) and r a t  ( S l e ig h t  

and Sanger,  1976; H a r r i s  e t  a l . ,  1978a; Kasza e t  a l . ,  1978b; Ecobichon 

e t  a l . ,  1979). Other e f f e c t s  o f  FireMaster  FF-1 o r  BP- 6  on th e  l i v e r  

were an i n c re a s e  in th e  smooth endoplasmic r e t i cu lu m  in  th e  monkey 

(Lambrecht e t  a l . ,  1978), mouse (Corbe t t  e t  a l . ,  1978b) and r a t  ( S l e ig h t  

and Sanger,  1976; Kasza e t  a l . ,  1978b), an in c r e a s e  o f  abnormal mito­
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chondria  in the  mouse (C orb e t t  e t  a l . ,  1978b) and r a t  (G ar tho f f  e t  a l . ,  

1977; Kasza e t  a l . ,  1978b), an in c re a s e  o f  l i p i d  in hepatocy tes  in th e  

monkey (Lambrecht e t  a l . ,  1978) and r a t  (Evers e t  a l . ,  1977; Gar thoff  

e t  a l . ,  1977; Kasza e t  a l . ,  1978b), a d ec rease  o f  glycogen in th e  mouse 

(Corbet t  e t  a l . ,  1978a) and r a t  (H a r r i s  e t  a l . ,  1978a) and h y p e rp la s ia  

o f  b i l e  duc ts  in  the  cow (Gutenmann and Li sk ,  1975), monkey (Lambrecht 

e t  a l . ,  1978) and r a t  (Kasza e t  a l . ,  1978b). In con s id e r ing  th e  changes 

seen in th e  l i v e r  o f  th e  r a t ,  Kasza e t  a l .  (1978b) suggested t h a t  PBB 

blocks th e  t r a n s p o r t  o f  l i p i d  in h ep a to cy tes .

PBB s t im u la te s  th e  mixed fu n c t io n  oxidase  (MFO) system in  th e  l i v e r ,  

kidney, lung and mammary t i s s u e .  Phenobarb i ta l  exem pl i f ies  one o f  two 

main c l a s s e s  o f  MFO inducing agents  and c h a r a c t e r i s t i c a l l y  in c re a s e s  

l i v e r  we igh t ,  microsomal p r o t e i n ,  NADPH-cytochrome P-450 r e d u c ta s e ,  

cytochrome P-450, b ipheny l-4 -hydroxy lase  (BP-4-0H), epoxide hydra ta se  

(EH) and aminopyrine demethyla t ion  (Moore e t  a l . ,  1978a). The second 

c l a s s  o f  inducing agen ts  i s  exem pli f ied  by 3 -m ethy lcho lan th rene ,  which 

t y p i c a l l y  in c re ase s  cytochrome P i-450 ,  a ry l  hydrocarbon hydroxylase 

(AHH), b ipheny l-2 -hydroxy lase  (BP-2-0H) and UDP-glucuronyl t ransferase  

(UDP-GT) (Moore e t  a l . ,  1978a). In th e  r a t  and mouse l i v e r  FireM aster  

BP- 6  sha res  th e  in d u c t io n  c h a r a c t e r i s t i c s  o f  both phenobarb i ta l  and 

3-methylcholanthrene  and a c t s  as a "mixed-type" inducer  (Dent e t  a l . ,  

1976a, 1976b, 1977, 1978a, 1978b; Babish and Stoewsand, 1977; Ahotupa 

and A i t i o ,  1978; Me Cormack e t  a l . ,  1978a; Moore e t  a l . ,  1978a). Dent 

e t  a l .  (1978a) r ep o r te d  t h a t  even though F ireMaster  BP- 6  induced in  a 

mixed-type f a s h io n ,  th e  induc t ion  was d i f f e r e n t ,  and they  suggested 

t h a t  PBB probably r e p r e s e n t s  a new c l a s s  o f  inducing a g e n ts .  In com­

parison  to  FireMaster  BP-6 , HBBg and HBB7  a r e  p h e n o b a rb i ta l - ty p e
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inducers  in th e  l i v e r  o f  th e  r a t  (Moore e t  a l . ,  1978a, 1978c), while  

2 , 4 , 5 , 3 ' , 4 ' ,5 '-hexabromobiphenyl i s  a mixed-type inducer  (Dannan e t  a l . ,

1978).

Me Cormack e t  a l .  (1978a) found t h a t  in  th e  kidney o f  th e  r a t  F i r e ­

Master BP- 6  inc reased  AHH, BP-4-0H and BP-2-0H and decreased  EH and in 

mammary t i s s u e  and lung in c reased  AHH. Dent e t  a l .  (1978b) r ep o r te d  an 

in c re a s e  o f  AHH in the  kidney and an in c re a s e  o f  AHH and EH in th e  

mammary t i s s u e  o f  r a t s  exposed to  F ireM aster  BP-6 . Ahotupa and A i t io  

(1978) noted t h a t  in  t h e  mouse F ireMaster  BP- 6  in c reased  UDP-GT in 

th e  kidney.

Other organs o f  th e  body have been re p o r te d  to  be a f f e c t e d  by ex­

posure to  PBB. In th e  pig an in c re a sed  kidney weight/body weight was 

found (Ku e t  a l . ,  1978), and in th e  cow en la rged  kidneys with  d i l a t e d  

c o l l e c t i n g  duc ts  and convoluted t u b u le s  were noted (Moorehead e t  a l . ,  

1977; Mercer e t  a l . ,  1978). A d ecrease  in thymus t i s s u e  occurred in 

th e  r a t  (L u s te r  e t  a l . ,  1978),  chicken (R inger ,  1978) and cow (Moore­

head e t  a l . ,  1977). In th e  r a t  (L us te r  e t  a l . ,  1978) and chicken 

(R inger ,  1978) decreased  sp leen  weights  were d e te c t e d .  Allen e t  a l .  

(1978) re p o r te d  t h a t  th e  most sev e re  l e s io n  in monkeys was hyperp las ­

t i c  g a s t r o e n t e r i t i s .  Using th e  e l e c t r o n  microscope,  Kasza e t  a l .

(1978a) found c e l l u l a r  a b n o rm a l i t ie s  in th e  r a t  t h y ro id  which sug­

ges ted  t h a t  PBB i n t e r f e r e d  w ith  th e  s y n th e s i s  and s e c r e t io n  o f  

th y ro x in e .

In c a lv es  Rob! e t  a l .  (1978) noted an in c r e a s e  in  serum g l u ­

tam ic-pyruv ic  t ransam inase  (SGPT), blood urea  n i t ro g e n  (BUN) and 

serum a l k a l i n e  phosphatase .  Lambrecht e t  a l .  (1978) found an i n ­

c re a s e  in  SGPT and a dec rea se  in  serum c h o le s t e r o l  in  monkeys, whi l e
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in cows Moorehead e t  a l .  (1977) found an i n c re a s e  in  serum g lu tam ic -  

o x a la c e t i c  t ransam inase  (SGOT), l a c t i c  dehydrogenase,  serum b i l i r u b i n  

and BUN.

In s tudying  the  immunological system o f  th e  monkey, Allen  e t  a l .  

(1978) found a l t e r e d  T -ce l l  fun c t io n  and decreased  immunoglobins.

Luster  e t  a l . (1978) noted in mice and r a t s  a depressed  T -c e l l  fu n c t io n  

and in  mice a d ep re s s io n  o f  humoral immunity. In .ch ic k en s  Ringer (1978) 

found l o s s  o f  s p l e n i c  germinal c e n t e r s  and a d ecrease  o f  lymphoid 

t i s s u e .

T il  son and Cabe (1979) i n v e s t i g a t e d  t h e  neurobehaviora l  e f f e c t s  o f  

F i re  Master BP- 6  exposure in  th e  r a t .  They noted a d ec rease  in  lo co ­

motor a c t i v i t y ,  fo re l im b  g r ip  s t r e n g t h ,  hindlimb e x te n so r  response  and 

s t a r t l e  re sp o n s iv en e ss .

Exposure to  FireMaster  FF-1 has been found to  dec rea se  p roduct ion  

o f  eggs in l ay ing  hens (Pol i n  and Ringer ,  1978) and o f  mi lk in l a c t a t i n g  

cows ( P re w i t t  e t  a l . ,  1975).

In a comparison o f  th e  degree  o f  t o x i c i t y  o f  HBBg and F ireM aster  

BP- 6  o r  FF-1, HBBg was found to  be l e s s  t o x i c  w ith  rega rd  to  egg 

h a t c h a b i l i t y  in ch ickens  (Pol in  e t  a l . ,  1979) and to  neurobehaviora l  

changes in r a t s  (T i l son  and Cabe, 1979).

T ransp lacen ta l  t r a n s f e r  o f  HBBg was r ep o r te d  to  occur  in  th e  mouse 

(C orbe t t  e t  a l . ,  1978b),  cow (Deter ing  e t  a l . ,  1975), r a t  (Dent e t  a l . ,  

1978b; R ick e r t  e t  a l . ,  1978; Cagen e t  a l . ,  1979) and monkey (Allen e t  

a l . ,  1978). Cagen e t  a l .  (1979) found t h a t  r a t s  who were exposed p re -  

n a t a l l y  to  FireMaster  BP- 6  had in c re a sed  l i v e r  weight/body w e igh ts .

Dent e t  a l .  (1978b) noted t h a t  r a t s  exposed p r e n a t a l l y  t o  FireM aster  

BP- 6  showed a mixed-type indu c t io n  o f  l i v e r  enzymes. F r i e s  e t  a l .
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(1978) c a l c u l a t e d  th e  c o n c e n t r a t io n s  o f  HBBg in maternal  to  f e t a l  cow 

f a t  to  be 1 to  0 .36 and in blood to  be  1 t o  0 .37 .

Maternal exposure  to  FireMaster  BP- 6  o r  FF-1 caused an i n c re a s e  in 

f e t a l  dea th s  in  th e  monkey (Lambrecht e t  a l . ,  1978), r a t  (Beaudoin,

1977), chicken (Po l in  and R inger ,  1978) and cow (Deter ing  e t  a l . ,  1975; 

P re w i t t  e t  a l . ,  1975; Durst e t  a l . ,  1977) and r e s u l t e d  in an in c re a s e  

in neonatal  dea ths  in  th e  chicken (Po l in  and Ringer ,  1978) and cow 

(Deter ing e t  a l . ,  1975; P re w i t t  e t  a l . ,  1975).

F ireMaster  BP- 6  o r  FF-1 fed to  th e  mother produced decreased  f e t a l  

weight  in th e  monkey (Lambrecht e t  a l . ,  1978),  mouse (C o rbe t t  e t  a l . ,  

1975, 1978a) and r a t  (C o rb e t t  e t  a l . ,  1975, 1978a; Beaudoin, 1977) and 

produced decreased  neonata l  growth r a t e  in th e  monkey (Lambrecht e t  a l . ,

1978),  cow (Deter ing  e t  a l . ,  1975) and r a t  (H a r r i s  e t  a l . ,  1978b). 

Beaudoin (1977) r ep o r te d  t h a t  in th e  r a t  F ireM aster  BP- 6  was

t e r a t o g e n i c .  However, s t u d i e s  in th e  mouse (C o rbe t t  e t  a l . ,  1978a;

Wertz and F ic s o r ,  1978) and in t h e  r a t  (G a r th o f f  e t  a l . ,  1977) found

i t  no t  t o  be t e r a t o g e n i c  o r  mutagenic.

In summary, th e  l i p o p h i l i c  PBBs a r e  e a s i l y  absorbed and become 

d i s t r i b u t e d  in  th e  f a t  o f  th e  body and in  th e  organs w ith  high l i p i d

c o n te n t .  D i s t r i b u t i o n  o f  PBB occurs  with th e  h ig h e s t  c o n c e n t r a t io n

being found in  ad ipose  t i s s u e ,  the  primary compartment o f  long term 

s to r a g e .  The chem ica l ly  s t a b l e  PBBs undergo l i t t l e  metabolism and 

a re  ex c re te d  only  minimally  and very s lowly .  The t o x i c  syndrome a sso c ­

i a t e d  with  exposure to  PBB in animals c o n s i s t s  p r i n c i p a l l y  o f  a n o re x ia ,  

h e p a t ic  hyper t rophy ,  a l t e r e d  immunological f u n c t i o n in g ,  "behavioral  

su p p re ss io n " ,  muscular  weakness , in d uc t io n  o f  h e p a t ic  and e x t r a h e p a t i c  

microsomal enzymes, and f e t o t o x i c i t y .
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HUMAN HEALTH EFFECTS OF PBB EXPOSURE

The Michigan-PBB in c id e n t  was the  only major known ep isode  o f  

human exposure to  PBB. The human h e a l th  e f f e c t s  o f  PBB a b so rp t io n  have 

been i n v e s t i g a t e d  by s tudying  Michigan r e s i d e n t s  who were exposed to  

PBB during th e  1973-1974 contamination pe r iod .

S tud ies  have in d ic a t e d  t h a t  th e  source o f  exposure to  PBB was 

through in g e s t io n  o f  contaminated farm produc ts .  Higher serum PBB 

l e v e l s  were found in  Michigan r e s i d e n t s  a s s o c i a t e d  with  qu a ran t in ed  

farms than in those  a s s o c i a t e d  with non-quaran t ined  farms (Wolff e t  a l . ,  

1978a). A s i g n i f i c a n t  d i f f e r e n c e  in the  d i s t r i b u t i o n  o f  serum PBB con­

c e n t r a t i o n s  was not  found between r e s i d e n t s  o f  q u a ra n t in ed  farms and 

consumers o f  t h e i r  farm products  o r  between r e s i d e n t s  o f  non-quaran­

t i n e d  farms and t h e i r  consumers ( L i l i s  e t  a l . ,  1978). PBB serum l e v e l s  

tended to  c l u s t e r  by f a m i l i e s  (Wolff, e t  a l . ,  1978b; Landrigan e t  a l . ,

1979). From a general  popu la t ion  study in Michigan th e  major source  o f  

PBB exposure  was found to  be through in g e s t io n  o f  contaminated milk 

( S e l ik o f f  and Anderson, 1979). The popu la t ions  in d e c rea s in g  o rd e r  o f  

exposure were: 1 ) th e  farm f a m i l i e s  whose farms had been contaminated 

with  PBB, 2) th e  immediate customers o f  produce from contaminated 

farms and u l t i m a t e l y ,  3) th e  general  popula t ion  as contaminated food 

e n te red  th e  Michigan food chain  ( S e l ik o f f  e t  a l . ,  1976).

In November, 1976 a group led  by Dr. I rv in g  J .  S e l i k o f f  from the  

Environmental Sciences  Laboratory  o f  the  Mount S ina i  School o f  Medicine 

o f  The C i ty  U n iv e rs i ty  o f  New York conducted a c l i n i c a l  f i e l d  survey in 

Grand Rapids t o  i n v e s t i g a t e  th e  human h e a l th  e f f e c t s  o f  PBB exposure  in 

Michigan. Those examined were approximately  1,000 PBB-exposed Michigan 

r e s i d e n t s ,  most o f  whom were members o f  farm f a m i l i e s ;  in  March, 1977,
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228 Wisconsin farm r e s i d e n t s  who had no known exposure  t o  PBB were a l s o  

examined. The Michigan p o pu la t ion  s tu d ie d  in  th e  November, 1976 survey 

w i l l  be r e f e r r e d  t o  as th e  Michigan Farm Popula t ion  (MFP), and the  

Wisconsin popu la t ion  w i l l  be r e f e r r e d  to  as the  Wisconsin Farm Popula­

t i o n  (WFP).

Anderson e t  a l .  (1978a) compared the  examination r e s u l t s  o f  th e  

a d u l t s  o f  th e  WFP with  tho se  o f  an a d u l t  MFP subgroup, both groups 

having been procured through random i n v i t a t i o n a l  p ro ce sse s .  The 

Michigan group had a s i g n i f i c a n t l y  h igher  p reva lence  o f  r e p o r te d  neuro­

l o g i c a l ,  m uscu loske le ta l  and sk in  symptoms. S i g n i f i c a n t  symptoms and 

some m an i fes t  e x p re s s io n s  o f  d i s a b i l i t y  were found to  be those  in the  

neu ro log ica l  c a te g o ry .  The major symptoms were:  1) marked t i r e d n e s s  

and f a t i g u e ,  2 ) a s i g n i f i c a n t  in c r e a s e  in s le e p  requirement  o f  up to  

e igh teen  hours per  tw en ty - fou r  hours ,  3) a s t r i k i n g  decrease  in the  

physical  and i n t e l l e c t u a l  work c a p a c i ty ,  4) muscle weakness and sen­

sory  d i s tu rb a n c e s  and 5) changes in  mental and behaviora l  f u n c t i o n s ,  

inc lud ing  l o s s  o f  memory. T i redness  and hypersomnia were often, found 

to  be a s s o c i a t e d  with  th e  g a s t r o i n t e s t i n a l  symptoms o f  l o s s  o f  a p p e t i t e  

and weight l o s s .

Diamond e t  a l .  (1977) performed c l i n i c a l  neu ro lo g ica l  examinations 

on a MFP subgroup who had been r e f e r r e d  because o f  unexplained d i s ­

o rde rs  o f  the  nervous system. They r ep o r te d  f i n d in g  mental and behav­

io ra l  d e f i c i t s ,  sensory  d i s t u r b a n c e s ,  motor d i s a b i l i t i e s ,  headache and 

hypersomnia.

In ana lyz ing  th e  time course  o f  the  onse t  o f  symptoms in subgroups 

o f  th e  WFP and th e  MFP, Valciukas e t  a l .  (1978) found t h a t  neuro log ica l  

symptoms were l i k e l y  to  be. th e  e a r l i e s t  m a n i f e s ta t io n s  o f  ab n o rm a l i t ie s
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among the  MFP. The Michigan group rep o r te d  a s i g n i f i c a n t l y  h igher  p rev ­

a len ce  o f  the  fo l low ing  symptoms, in  d ecreas ing  o rder  o f  s i g n i f i c a n c e :  

t i r e d n e s s ,  ne rvousness ,  s l e e p i n e s s ,  headaches,  p a r a e s t h e s i a ,  d i z z i n e s s ,  

d e p re s s io n ,  vom it ing ,  n a i l  d i s c o l o r a t i o n ,  l o s s  o f  ba lance ,  b lu r r e d  

v i s i o n ,  d r i e r  s k i n ,  muscle weakness, prolonged h e a l in g ,  d i f f i c u l t y  

walking,  p e r s p i r a t i o n  and j o i n t  sw el l ing  (Valciukas e t  a l . ,  1979).

In examining a c o h o r t  o f  4,537 Michigan r e s i d e n t s  exposed to  PBB, 

Landrigan e t  a l .  (1979) found f a t i g u e ,  headaches, p a ra e s th e s i a s  and 

j o i n t  problems to  be th e  most f r e q u e n t ly  r ep o r te d  symptoms. S t ro s s  e t  

a l .  (1979) d iscovered  a high preva lence  o f  sensory n e u ro p a th ie s ,  r e ­

a c t i v e  d ep ress ion  and hepatomegaly in a group o f  f o r t y - s i x  PBB-exposed 

Michigan r e s i d e n t s .

C e r ta in  a b n o rm a l i t i e s  a s s o c i a t e d  with PBB abso rp t ion  have been 

in d ic a te d  by l a b o r a to r y  f i n d in g s .  Anderson e t  a l . (1979) re p o r te d  t h a t  

s i g n i f i c a n t l y  more Michigan s u b j e c t s ,  as compared to  Wisconsin s u b j e c t s ,  

had abnormal SGPT and SGOT l e v e l s ,  and t h a t  an abnormal SGPT lev e l  was 

s i g n i f i c a n t l y  a s s o c i a t e d  with  the  r ep o r te d  symptoms o f  ex ce ss iv e  f a t i g u e  

and s l e e p i n e s s .  Bekesi e t  a l .  (1979) and Landrigan e t  a l .  (1979) found 

a l t e r e d  lymphocyte fu n c t io n in g  in PBB-exposed Michigan r e s i d e n t s .

I n v e s t i g a to r s  have used HBBg to  c a l c u l a t e  serum l e v e l s  o f  PBB in 

exposed in d iv i d u a l s .  The l e v e l s  o f  HBB7  and 2 , 4 , 5 , 2 ' ,5 ' -p en tab rom o b i-  

phenyl in  th e  serum o f  farmers  were found to  be s i g n i f i c a n t l y  lower,  

r e l a t i v e  to  HBBg, as compared to  l e v e l s  in FireMaster  BP- 6  (Wolff and 

Aubrey, 1978). As th e  second major component of  FireMaster  BP-6 , th e  

marked s c a r c i t y  o f  HBB7  in blood serum sugges ts  poor g a s t r o i n t e s t i n a l  

a b so rp t io n  o r  r a p id  b i l i a r y  e x c re t io n  in humans. The low serum concen­

t r a t i o n  o f  2 , 4 , 5 , 2 ' , 5 '-pentabromobiphenyl i s  most l i k e l y  a t t r i b u t a b l e



to  a f a s t  r a t e  o f  e l im in a t io n  which was found to  occur in r a t s  (Wolff 

and S e l i k o f f ,  1979).

In a survey o f  th e  general  popu la t ion  o f  Michigan f o r  h e a l th  

e f f e c t s  o f  PBB exposure ,  S e l i k o f f  and Anderson (1979) found t h a t  a t  

l e a s t  seventy  p e rcen t  of  th e  Michigan popu la t ion  had d e t e c t a b l e  ( g r e a t ­

e r  than 0 .3  p a r t s - p e r - b i l l i o n )  l e v e l s  o f  PBB in serum, with  the  h ig h e s t  

c o n ce n t ra t io n s  found in  i n d iv id u a l s  who r e s id e d  in  th e  western  p a r t  o f  

th e  s t a t e .  Landrigan e t  a l .  (1979) and S e l i k o f f  and Anderson (1979) 

found s i g n i f i c a n t l y  h igher  l e v e l s  o f  serum PBB in  Michigan males than 

females and h igher  l e v e l s  in c h i ld r e n  than  a d u l t s .  Because serum l e v e l s  

o f  PBB have not  changed s i g n i f i c a n t l y  w ith  time (Humphrey and Hayner, 

1975; Landrigan e t  a l . ,  1979; Wolff e t  a l . ,  1979), i t  i s  thought  t h a t  

PBB body d i s t r i b u t i o n s  have reached e q u i l i b r iu m ,  and t h a t  Michigan 

r e s i d e n t s  have r e l a t i v e l y  permanent body burdens o f  PBB.

Landrigan e t  a l . (1979) and Wolff e t  a l .  (1979) found th e  p a r t i ­

t io n  r a t i o  f o r  PBB c o n c e n t ra t io n s  in ad ipose  t i s s u e  to  blood serum to  

be 362.8 to  1.0 and 370 to  1, r e s p e c t i v e l y .  B reas t  milk to  blood serum 

c o n ce n t ra t io n s  o f  PBB were r e p o r te d  by Landrigan e t  a l .  (1979) to  be

122.0 to  1 .0 .  B r i l l i a n t  e t  a l .  (1978) in  i n v e s t i g a t i n g  th e  co n ce n t ra ­

t i o n  o f  PBB in human b r e a s t  milk found t h a t  n i n e t y - s i x  p e rc en t  o f  the  

samples from the  lower pen insu la  o f  Michigan and f o r t y - t h r e e  pe rcen t  

from the  upper pen insu la  con ta ined  d e t e c t a b l e  l e v e l s  o f  PBB. PBB was 

found to  be t r a n s f e r r e d  from mother to  f e t u s  through th e  p lac en ta  with 

an average r a t i o  o f  PBB c o n c e n t r a t io n s  in  maternal  t o  cord blood serum 

o f  7.04 to  1.0 (Landrigan e t  a l . ,  1979).

Anderson e t  a l .  (1978a) and Landrigan e t  a l .  (1979) d id  not  f in d  

any s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  between serum PBB l e v e l s  and
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r ep o r te d  symptoms. Bekesi e t  a l .  (1978) found no s i g n i f i c a n t  c o r r e l a ­

t i o n  between a l t e r e d  lymphocytes and serum c o n c e n t r a t io n s  o f  PBB. How­

e v e r ,  S e l i k o f f  and Anderson (1979) r e p o r te d  t h a t  a h igher  serum PBB 

among a d u l t s  was s t a t i s t i c a l l y  a s s o c i a t e d  with inc reased  i n f e c t i o n s .  

Anderson e t  a l .  (1979) d iscovered  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  

between serum l e v e l s  o f  PBB and l e v e l s  o f  SGPT and (1978b) between 

plasma l e v e l s  o f  carcinoembryonic a n t ig e n  (CEA) and serum l e v e l s  o f  

c o n c e n t r a t io n s  o f  PBB g r e a t e r  than  o r  equal to  10 p a r t s - p e r - b i l l i o n .

In summary, Michigan r e s i d e n t s  were exposed to  PBB through in g e s ­

t i o n  o f  contaminated farm p ro d u c ts ,  most no tab ly  m i lk ,  with d a i r y  farm 

f a m i l i e s  and d i r e c t  consumers o f  farm produce being the  most h eav i ly  

exposed. HBB5  was used as th e  b io lo g ic a l  i n d i c a t o r  o f  PBB a b so rp t io n  

and was found in the  blood serum, ad ipose  t i s s u e  and b r e a s t  milk o f  

exposed i n d iv i d u a l s .  Neurological  symptoms were th e  most f r e q u e n t ly  

re p o r te d  i n d ic a t i o n s  o f  d i s a b i l i t y ,  with marked drowsiness  and e x ce ss ­

ive  s le e p in g  being two o f  th e  major com pla in ts .  Laboratory f in d in g s  

in d ic a te d  t h a t  abnormal l i v e r  and lymphocyte fu n c t io n in g  were a s so ­

c i a t e d  with exposure  t o  PBB. Serum l e v e l s  o f  PBB were found to  be 

c o r r e l a t e d  to  inc reased  i n f e c t i o n s  in  a d u l t s ,  t o  th e  serum leve l  o f  a 

l i v e r  fu n c t io n  enzyme and to  th e  serum leve l  o f  CEA. A very high p e r ­

centage  o f  Michigan r e s i d e n t s  had d e t e c t a b l e  l e v e l s  o f  PBB; f a t  t i s s u e  

l e v e l s  were found t o  be 370 t imes h igher  than serum c o n c e n t r a t io n s .

I t  has been hypothesized t h a t  th e  body burdens o f  PBB were r e l a t i v e l y  

permanent.

SLEEP AS DEFINED BY EEG

One o f  th e  primary purposes o f  th e  p re s e n t  i n v e s t i g a t i o n  was to
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examine e l e c t r o p h y s i o l o g i c a l l y  the  s le e p  o f  a group o f  Michigan r e s i d e n t s  

and to  compare t h e i r  s l e e p  with  known p a th o lo g ic a l  s le ep  syndromes. In 

o rd e r  to  e v a lu a te  s l e e p  and i t s  d i s o r d e r s ,  i t  w i l l  be necessa ry  t o  review 

what i s  c u r r e n t l y  accepted  as th e  p h y s io lo g ic a l  b a s i s  o f  th e  e l e c t r o ­

encephalograph (EEG). F i n a l l y ,  we w i l l  review th e  use o f  EEG in  con- 

e r t  w i th  o th e r  e l e c t r o p h y s io lo g ic a l  measures in c h a r a c t e r i z i n g  normal 

s le e p  and in  i d e n t i f y i n g  d i s o r d e r s  o f  s l e e p .

In e lec t ro en cep ha lo g rap hy ,  t h e  e l e c t r i c a l  p o t e n t i a l s  recorded 

from th e  sc a lp  a r e  though t  t o  be p r i n c i p a l l y  genera ted  w i th in  th e  

c e re b ra l  c o r t e x .  The p o s t - s y n a p t i c  p o t e n t i a l s  (PSPs) o f  v e r t i c a l l y  

o r i e n t e d  c o r t i c a l  pyramidal c e l l s  have been suggested  as th e  main gen­

e r a t o r s  o f  th e  EEG-waves. The e x t r a c e l l u l a r  p o t e n t i a l  f i e l d  r e s u l t i n g  

from e i t h e r  d e p o la r i z a t i o n  o r  h y p e rp o la r iz a t io n  o f  th e  pyramidal c e l l  

i s  thought  to  be s i m i l a r  to  t h a t  produced by one o r  more d i p o l e s .  Thus, 

summation o f  d ip o le  f i e l d s  a s s o c i a t e d  w ith  v e r t i c a l l y  a r ranged  pyramidal 

c e l l s  i s  thought  t o  g ive  r i s e  to  l a r g e  popu la t ion  p o t e n t i a l s  (C reu tz -  

f e l d t ,  1974).

The a c tu a l  form o f  th e  s u r f a c e  p o t e n t i a l  may be r e l a t e d  both to  

th e  type o f  PSP and th e  lo c a t io n  on th e  c e l l  o f  th e  sy n a p t ic  a c t i v i t y .  

E x c i ta to ry  PSPs may produce a p o s i t i v e  s u r f a c e  p o t e n t i a l  when the  

pyramidal c e l l ' s  somatic  o r  middle a p ica l  d e n d r i t i c  reg ion  i s  a f f e c t e d  

o r  a n eg a t iv e  p o t e n t i a l  when the  c e l l ' s  d i s t a l  a p ica l  d e n d r i t i c  reg ion  

i s  e x c i t e d .  Surface  p o t e n t i a l s  o f  the  o p p os i te  p o l a r i t y  t o  those  o f  

e x c i t a t o r y  PSPs would occur ,  when i n h i b i t o r y  PSPs a f f e c t  th e  same 

corresponding  l o c a t i o n s .

C er ta in  su r fa ce  p o t e n t i a l s  o f  th e  EEG h igh ly  c o r r e l a t e  w ith  ac ­

t i v i t y  o f  s i n g l e  neurons o f  the  c e reb ra l  c o r t e x .  The rhythmical
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sp in d le  waves o f  7 to  10 waves/second noted in  th e  EEG o f  c a t s  a re  

thought  to  be s i m i l a r  t o  th e  a lpha  waves o f  8  t o  1 2  waves/second seen 

in  th e  human EEG. In c a t s ,  summated e x c i t a t o r y  PSPs o f  pyramidal c e l l s  

a re  c lo s e l y  r e l a t e d  to  in d iv id u a l  sp in d le  waves o f  th e  EEG; i t  i s  found 

t h a t  c e l l u l a r  d e p o la r i z a t i o n s  c o in c id e  with s u r f a c e  neg a t iv e  p o t e n t i a l s .  

Although the  EEG sp in d le  waves a r e  genera ted  w i th in  the  c o r t e x ,  i t  i s  

thought  t h a t  th e  thalamus f u n c t io n s  as a pacemaker f o r  th e  rhythmical  

waves. I t  i s  suggested  t h a t  the  r e c u r r e n t  i n h i b i t o r y  mechanisms in 

s p e c i f i c  tha lam ic  r e l a y  n uc le i  t r ans fo rm  th e  t o n i c ,  random in p u t  o f  th e  

r e l a y  n uc le i  i n to  e x c i t a t o r y - i n h i b i t o r y  c y c le s  which r e s u l t  in  syn­

chronous b u r s t s  o f  th a l a m o - c o r t i c a l  f i b e r  a c t i v i t y .  This synchronous 

f i b e r  a c t i v i t y  would then  g e n e ra te  rhythmical  n eg a t iv e  s u r f a c e  po ten­

t i a l s ,  because th e  m a jo r i ty  o f  th e  a f f e r e n t  f i b e r s  a re  thought- to  make 

e x c i t a t o r y  synapse on th e  a p ic a l  d e n d r i t e s  o f  c o r t i c a l  pyramidal c e l l s .

Theta waves, 4 to  7 waves/second, and d e l t a  waves, 1 t o  3 waves/ 

second,  have a l s o  been found to  have c e l l u l a r  d e p o la r i z a t i o n s  a s s o c i a ­

ted  with s u r f a c e  n e g a t iv e  waves. However, i t  has been found t h a t  th e  

phase r e l a t i o n s h i p  between neuronal  even ts  and a lpha  waves o r  t h e t a  

waves i s  more c o n s i s t a n t  than  t h a t  found f o r  d e l t a  waves.

The desynchronized EEG seen during  wakefulness and r a p id  eye 

movement s l e ep  ( v . i . )  i s  thought  to  correspond to  an absence o f  syn­

c h ro n iz a t io n  o f  d i sch a rg e s  among c o r t i c a l  neurons due to  a non-syn- 

ch ron ized ,  random sy n a p t ic  i n p u t .  The ascending r e t i c u l a r  a c t i v a t i n g  

system (Moruzzi and Magoun, 1949) may produce c o r t i c a l  desynchron­

i z a t i o n  by i n h i b i t i n g  th e  tha lam ic  r e c u r r e n t  i n h i b i t o r y  mechanism 

which, as p rev iou s ly  mentioned,  may be involved in the  g e n e ra t io n  o f  

synchronized neuronal a c t i v i t y  in  th e  c e re b ra l  c o r t e x .



In the  p a s t  t h i r t y  y e a r s  r e s e a r c h e r s  have d esc r ibed  normal human 

s l e e p  in q u a n t i t a t i v e  terms using such measurable  parameters  as spon­

taneous  and evoked b ra in  waves, slow and ra p id  eye movements, somatic 

muscular a c t i v i t y ,  h e a r t  r a t e  and r e s p i r a t o r y  rhythm (Aserinsky and 

Kleitman, 1953, 1955; Dement and Kleitman, 1957a, 1957b; Fe inberg ,

1974; Williams e t  a l . ,  1974). Since th e  d isco v ery  by Loomis e t  a l .  

(1937) t h a t  s l e e p  measured e l e c t r o p h y s i o l o g i c a l l y  i s  not  a s teady  

s t a t e ,  d i f f e r e n t  s t a g e s  o f  s l e e p  have been c h a r a c t e r i z e d .  The c r i t e r i a  

o f  Dement and Kleitman (1957a) f o r  c l a s s i f y i n g  o r  sco r in g  s l e e p  s ta g es  

became th o se  most wide ly  employed and provided th e  b a s i s  f o r  the  s t a n ­

d a r d i z a t i o n  o f  s l e e p  sco r in g  by Rechtschaffen and Kales in 1968.

The p r in c ip a l  parameters  used to  d e f in e  s le e p  s ta g es  a re  those  

measured by th e  EEG, e lec t ro o cu lo g ra p h  (EOG) and electromyograph (EMG). 

The po lygraphic  s le e p  record  i s  d iv ided  in to  f ix e d  time i n t e r v a l s  or  

epochs and scored  in an epoch-by-epoch manner. An epoch may be scored 

as one o f  th e  fo l lo w in g :  s ta g e  0., 1, 2,  3 ,  4 o r  REM or  movement t im e.  

Movement t ime epochs a r e  those  epochs in which th e  polygraph record  i s

obscured by a r t i f a c t  produced by movements o f  th e  s u b je c t .  A s ta g e  0

epoch has an EEG c o n ta in in g  a lpha  waves, 8  to  12 waves/second, a n d /o r  

low v o l t a g e ,  mixed frequency a c t i v i t y  and r e f e r s  to  th e  behaviora l  

s t a t e  o f  w akefu lness .  Stage 1 epochs c o n s i s t  o f  a r e l a t i v e l y  low 

v o l t a g e ,  mixed f requency EEG and a re  w i thou t  r a p id  eye movements.

Stage  1 i s  a s s o c i a t e d  with  th e  drowsy s t a t e  u s u a l ly  o ccu rr ing  between 

f u l l  wakefulness  and the  onse t  o f  s l e e p .  Many r e s e a r c h e r s  employ

s ta g e  2 .t o  d e s ig n a te  th e  o n se t  o f  s l e e p ,  a l though  s ta g e  1 sometimes

i s  ass igned  t h a t  f u n c t i o n .  An epoch o f  s ta g e  2 s le e p  i s  d i s t in g u i s h e d  

by the  presence  o f  s l e e p  sp in d le s  (sigma waves) ,  a sp in d le  shaped
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group o f  12 t o  14 waves/second s in u so id a l  waves, by K-complexes, a wave 

form o f  an i n i t i a l  n e g a t iv e  d e f l e c t i o n  followed by a p o s i t i v e  d e f l e c t i o n ,  

and by a background o f  r e l a t i v e l y  low v o l t a g e ,  mixed frequency EEG 

a c t i v i t y .  Also,  a s ta g e  2 epoch must co n ta in  l e s s  than  twenty p e rc en t  

d e l t a  waves. Delta  waves a r e  c h a r a c t e r i z e d  by a frequency o f  l e s s  than 

3 waves/second and an ampli tude  o f  g r e a t e r  than 5 0 /*M. An epoch having 

twenty to  f i f t y  p e rc e n t  d e l t a  i s  scored  s ta g e  3 and one c o n ta in in g  more 

than f i f t y  p e rcen t  i s  scored s t a g e  4. Thus, s t a g es  3 and 4 c o n s t i t u t e  

what i s  c a l l e d  d e l t a  s l e e p .  S tages  2 ,  3 and 4 a re  r e f e r r e d  to  as slow 

wave s le ep  (SWS). A s t a g e  REM epoch i s  c h a r a c t e r i z e d  by a r e l a t i v e l y  

low v o l ta g e ,  mixed frequency EEG, by e p i s o d ic  r a p id  eye movements (REMs) 

and by a low ampli tude  EMG. REM s le e p  has been h ig h ly  c o r r e l a t e d  with 

dreaming (Aserinsky and Kleitman, 1953; Dement, 1955; Dement and K l e i t ­

man, 1957b; Foulkes, 1962; Goodenough e t  a l . ,  1965).

Stages 2 ,  3 ,  4 and REM i n d i c a t e  th e  t y p ic a l  sequence o f  occurrence  

a t  the  beginning o f  a n i g h t ' s  s l e e p  (Dement and Kleitman, 1957a). They 

u s u a l ly  occur in a c y c l i c  p a t t e r n  dur ing  s le ep  with  a pe r iod  o f  SWS and 

one o f  REM s le e p  composing a s l e e p  c y c le .  Several  s l e e p  c y c les  normally  

occur during a n i g h t ’s s l e e p .  However, s l e e p  c y c les  o f  th e  f i r s t  hours 

o f  s leep  have r e l a t i v e l y  g r e a t e r  amounts o f  s t a g e s  3 and 4 and l e s s  o f  

s tage  REM as compared to  l a t e r  c y c l e s ,  whi le  th e  amount o f  s ta g e  2 per  

s le e p  cycle  remains r e l a t i v e l y  c o n s t a n t  (Williams e t  a l . ,  1964).

The above c r i t e r i a  have been employed f o r  approximate ly  t h i r t y  

yea rs  t o  c h a r a c t e r i z e  s l e e p ,  and s l e e p  sco r ing  has been found to  be 

reasonably  r e l i a b l e  w ith  both w i th in  and a c ro ss  sco r in g  having high 

r e p r o d u c e b i l i t y .
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SLEEP DISORDERS RELATED TO TOXIC CHEMICALS

P a t i e n t s  who have been o c c u p a t io n a l ly  o r  a c c i d e n t a l l y  exposed to  

a t o x ic  chemical have f r e q u e n t ly  r ep o r te d  a s leep  d i s o r d e r  as p a r t  o f  

a symptom complex. Insomnia, sometimes accompanied by daytime somno­

l e n c e ,  has o f te n  been th e  com pla in t ,  while  hypersomnia has r a r e l y  been 

r e p o r te d  as a problem.

P a t i e n t s  have complained o f  insomnia a f t e r  i n to x i c a t i o n  from 

bismuth (Buge e t  a l . ,  1977; .Ferrey-Hanin and Ferrey ,  1977), carbon 

d i s u l f i d e  (Braceland,  1942; Bruederl  and B en in i ,  1974; Li 1 i s , 1974; 

Seppa la inen ,  1974),  l ead  (C a s se l l s  and Dodds, 1946; Korolenko and 

Piven,  1971),  mercury (Korolenko e t  a l . ,  1971; Antonyuzhenko e t  a l . ,  

1976) and organophosphate  compounds (Conyers and Goldsmith, 1971; 

Viyevskaya, 1973). Exposure to  c h lo r in a t e d  hydrocarbons (Sukhotina 

e t  a l . ,  1973) or  manganese (Mena e t  a l . ,  1967; Smith, 1972; Cook e t  

a l . ,  1974) has produced in p a t i e n t s  n ig h t t im e  insomnia with daytime 

somnolence. S l e e p in e s s ,  f r e q u e n t ly  overwhelming, was repo r ted  to  

occur  in cases  o f  occupational  exposure  to  carbon d i s u l f i d e  ( L i l i s ,  

1974).

C l i n i c a l l y  r e p o r te d  s le e p  d i s o r d e r s  r e s u l t i n g  from chemical i n ­

t o x i c a t i o n  have been s tu d ie d  with e le c t r o p h y s io lo g ic a l  techniques  by 

a few i n v e s t i g a t o r s .  In examining th e  s leep  o f  p a t i e n t s  with bismuth 

po iso n in g ,  Ferrey-Hanin and Ferrey (1977) found a uniform EEG through­

ou t  th e  n ig h t  which r e s u l t e d  in th e  use o f  non-EEG polygraphic  c r i t e r ­

i a  t o  i d e n t i f y  s le ep  s t a g e s .  They rep o r te d  a decreased  amount o f  

s le e p  which was thought  to  be caused by abnormal movements occu r r in g  

j u s t  p r i o r  t o  awakenings.

Antonyuzhenko e t  a l .  (1976) analyzed t h e  n ig h t  s leep  o f  p a t i e n t s
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who had chron ic  occupational  mercury o r  m ethylm ethacry la te  and u n sa t ­

u ra ted  hydrocarbons po isoning .  Mercury i n to x i c a t i o n  was c h a r a c t e r i z e d  

by d i s o r g a n iz a t io n  o f  t h e  c y c l i c  s t r u c t u r e  o f  s l e e p ,  an inc reased  s le ep  

onse t  l a t e n c y ,  an inc reased  amount o f  wakefulness and an in c re ased  

number o f  awakenings during the  n ig h t .  Poisoning with  methy lmethacry l­

a t e  and u n sa tu ra ted  hydrocarbons was a s s o c i a t e d  with  two syndromes, one 

o f  decreased  t o t a l  s l e e p  time with d i s o r g a n iz a t io n  o f  th e  c y c l i c  s t r u c ­

t u r e  o f  s l e e p  and th e  o th e r  o f  a decreased  number o f  s le e p  c y c le s .

In examining p a t i e n t s  wi th  organophosphate  po iso n in g ,  M etca lf  and 

Holmes (1969) and Taneda and Murasaki (1976) observed s l e e p  o n se t  REM 

periods  a t  n ig h t  and somnolence during th e  day. Duffy e t  a l .  (1979) 

s tu d ied  p a t i e n t s  who had been o c c u p a t io n a l ly  exposed to  the  organo­

phosphate compound, s a r i n .  The s leep  o f  th e  p a t i e n t s  showed an i n ­

c rease  in both the  pe rcen t  and a b so lu te  amount o f  REM s l e e p .

Hypersomnia, a s s o c i a t e d .w i th  chemical i n t o x i c a t i o n ,  has not  been 

in v e s t i g a t e d  using modern s le ep  reco rd ing  techn iques  p r i o r  t o  the  

p re sen t  s tudy.

THE PRESENT INVESTIGATION

Hypersomnia was one o f  th e  major neu ro log ica l  symptoms rep o r te d  

by Michigan r e s i d e n t s  exposed to  PBB (Diamond e t  a l . ,  1977; Anderson e t  

a l . ,  1978a; Valciukas e t  a l . ,  1979). In o rd e r  to  f u r t h e r  e l u c i d a t e  one 

o f  the  primary human h e a l th  e f f e c t s  a s s o c i a t e d  with PBB, th e  e l e c t r o ­

encephalograph (EEG) was to  be used to  examine o b j e c t i v e l y  th e  s le e p  

complaint .

With the  use o f  th e  EEG th e  s leep  o f  th e  Michigan s u b je c t s  was to  

be c h a r a c t e r i z e d  in terms o f  normal s l e ep  param eters .  Q u a n t i f i c a t io n
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o f  th e  s le e p  o f  the  s u b je c t s  was to  enab le  th e  e x te n t  o f  th e  abnormali ty  

to  be d e l i n e a t e d .  The s l e e p  d i s o r d e r  was to  be examined and compared 

w ith  o th e r  c l a s s e s  o f  p a th o lo g ica l  s l e e p .  Such a n a l y s i s  could suggest  

p o s s ib l e  t r ea tm e n t  f o r  th e  s le e p  problem and could provide  i n s i g h t  i n to  

the  e f f e c t  o f  PBB on th e  c e n t r a l  nervous system. C o r re la t io n s  among 

s le e p  parameters  and medical  and biochemical  da ta  were to  provide  ad­

d i t i o n a l  in fo rm at ion  about  exposure t o  PBB.

One o f  t h r e e  r e s u l t s  was expected t o  be found when th e  rep o r te d  

complain t  o f  hypersomnia was i n v e s t i g a t e d  using  e l e c t r o p h y s io lo g ic a l  

s l e e p  reco rd ing  tec h n iq u e s .  F i r s t ,  th e  s le e p  o f  the  s u b je c t s  could be 

found to  be r e l a t i v e l y  normal. In t h i s  case  the  e x p la n a t io n  would be 

e i t h e r  t h a t  the  s u b j e c t s  had in a c c u r a te ly  r ep o r te d  th e  symptom o f  i n ­

c reased  s le e p  requirement  o r  t h a t  th e  s l e e p  o f  th e  s u b je c t s  had been 

abnormal when the  hypersomnia complaint  was r e p o r te d  but  was normal 

when t e s t e d .  The l a t t e r  ex p lan a t io n  i s  supported by th e  f in d in g  t h a t  

th e  inc idence  o f  symptoms a s s o c i a t e d  with  exposure to  PBB was a t  i t s  

h ig h e s t  dur ing  1974 (Anderson e t  a l . ,  1979). A lack  o f  s l e e p  abnor­

m a l i ty  in 1979 could be expla ined  by a recovery  o f  s le e p  fu n c t io n s  

mediated by th e  c e n t r a l  nervous system during  th e  in te rv e n in g  f i v e  

y e a r s .

Second, th e  m a jo r i t y  o f  th e  s u b je c t s  could e x h i b i t  normal s l e e p ,  

whi le  a few could show r e l a t i v e l y  minor s le e p  a b n o rm a l i t i e s .  Since 

s u b je c t s  with  the  most severe  s le e p  complaints  had been examined, t h i s  

f in d in g  would sugges t  t h a t ,  as determined with  p re s e n t  s le e p  reco rd ing  

t e c h n iq u e s ,  PBB a f f e c t s  th e  normal f u n c t io n in g  o f  s le ep  minimally a t  

most , and t h a t  a s l e e p  d i s o r d e r  a s s o c i a t e d  with  exposure t o  PBB would 

not  be a s i g n i f i c a n t  h e a l th  concern f o r  th e  general  p op u la t io n .
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T h ird ,  one o r  more a b n o rm a l i t i e s  in the  s le e p  o f  most o f  th e  sub­

j e c t s  could be d i sco ve red .  The a l t e r a t i o n s  in s l e e p  measures seen in 

ch ron ic  hypersomnia, n a rc o lep sey ,  th e  n e u t r a l  s t a t e  syndrome, hypo­

th y ro id i sm ,  the  f i b r o s i t i s  syndrome, a g in g ,  dep ress ion  and the  s leep  

apnea syndrome sugges t  c e r t a i n  a b n o rm a l i t i e s  which could be found in 

th e  s l e e p  o f  s u b j e c t s  exposed to  PBB.

In d iv id u a l s  with  c h ro n ic  hypersomnia have an in c re a s e  in t o t a l  

s l e e p  time (Roth e t  a l . ,  1972); a s i m i l a r  f in d in g  f o r  th e  s u b je c t s  

would correspond to  th e  r e p o r t e d  in c r e a s e  in s le e p  requirement.

A d i s r u p t i o n  in t h e  normal sequence o f  th e  s le e p  . s t a g e s ,  perhaps 

s i m i l a r  to  t h a t  seen in  n a rc o lep sy ,  could be observed.  The symptoms 

o f  n a rco lepsy  a re  ex ce ss iv e  daytime s l e e p i n e s s ,  s le ep  ep isodes  and 

ca tap lex y  (G u i l le m in a u l t  and Dement, 1977); i t  i s  c h a r a c t e r i z e d  e l e c -  

t r o p h y s i o l o g i c a l l y  by th e  occurrence  o f  noc tu rna l  s le e p  onse t  REM 

p er iods  (Rechtschaffen  e t  a l . ,  1963; Cadilhac e t  a l . ,  1966; Suzuki, 

i966;  Hishikawa e t  a l . ,  1976).

A d ec rease  o r  in c r e a s e  in  the  a b s o lu te  amount o r  p e rcen t  o f  th e  

s l e e p  pe r iod  t ime o f  one o r  more o f  th e  s le e p  s t a g e s  would i n d ic a t e  

s le e p  pa tho logy .  In d iv id u a l s  with  th e  n e u t r a l  s t a t e  syndrome, ch a rac ­

t e r i z e d  by ex ce ss iv e  daytime s l e e p in e s s  and f r e q u e n t  daytime occur­

rences  o f  m ic ros leep  e p i s o d e s ,  show a decreased  amount o f  s t a g e  3 and 

s t a g e  4  and an in c reased  amount o f  s t a g e  2  in  t h e i r  noc tu rna l  s le ep  

(G u i l le m in a u l t  e t  a l . ,  1975). S le ep in es s  i s  one o f  th e  c h a r a c t e r i s t i c  

symptoms o f  hypothyroidism. The n ig h t  s le e p  o f  hypothyroid  a d u l t s  shows 

in c reased  s t a g e  2 and decreased  s t a g e  4 (young a d u l t s )  o r  decreased  

s ta g e  3 ( e l d e r l y  a d u l t s )  (Kales e t  a l . ,  1967a).

The f i b r o s i t i s  syndrome i s  c h a r a c t e r i z e d  by th e  primary symptoms
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o f  s le ep  d i s tu r b a n c e ,  ch ro n ic  f a t i g u e ,  decreased  work t o l e r a n c e ,  muscu­

l a r  aching and s t i f f n e s s ,  poor a p p e t i t e ,  d e p re ss ion  and i r r i t a b i l i t y  

(Moldofsky e t  a l . ,  1975). The s le ep  o f  i n d iv i d u a l s  having th e  f i b r o ­

s i t i s  syndrome c o n s i s t s  o f  in c reased  w akefu lness ,  a lpha -con tam inated  

slow wave s le e p  (SWS) and f r e q u e n t ly  a b sen t  s t a g e  4 and ab sen t  o r  de­

c reased  s tag e  3. Moldofsky e t  a l .  (1975) suggested  t h a t  an i n t e r n a l  

a rousal  system competes with th e  SWS system and impairs  t h e  presumed 

r e s t o r a t i v e  fu n c t io n  o f  SWS. Their  r e s u l t s  in d ic a t e d  t h a t  a d i s t u r ­

bance o f  SWS, namely s ta g e  4 d e p r i v a t i o n ,  would be a s s o c i a t e d  with  the  

appearance o f  m uscu loske le ta l  and mood symptoms. An in c re a sed  wakeful­

ness and decreased  s ta g e  4 might be expected to  c h a r a c t e r i z e  th e  s le e p  

o f  th e  s u b j e c t s ,  s in c e  marked f a t i g u e ,  decreased  work c a p a c i t y ,  d e p re s ­

s i o n ,  muscular  weakness, j o i n t  problems and poor a p p e t i t e  had been 

re p o r te d  by Michigan r e s i d e n t s  as major complain ts  (Anderson e t  a l . ,  

1978a; Valciukas e t  a l . ,  1978; Landrigan e t  a l . ,  1979).

The symptoms o f  f a t i g u e ,  decreased  physica l  and mental work ca ­

p a c i ty  and l o s s  o f  memory re p o r te d  by Michigan r e s i d e n t s  (Anderson e t  

a l . ,  1978a) su gges t  a p o s s ib l e  "premature aging" e f f e c t  o f  PBB on th e  

c e n t r a l  nervous system. I f  t h i s  were th e  c a s e ,  t h e  s le e p  o f  th e  sub­

j e c t s  could be found t o  be "o lder"  than would be expected from t h e i r  

ch rono log ica l  ages .  With i n c r e a s in g  age ,  t o t a l  s l e e p  t im e ,  REM s le ep  

and s ta g e  4 s le ep  decrease  (Kales e t  a l . ,  1967b; Williams e t  a l . ,

1974). Other changes in  s le e p  parameters  seen with  i n c r e a s in g  age a re  

th e  sho r ten ing  o f  th e  f i r s t  NREM period  (Fe inberg ,  1974), a d ecrease  

in  th e  s le ep  e f f i c i e n c y  index (Williams e t  a l . ,  1974),  an in c r e a s e  in 

th e  number o f  awakenings per  n ig h t  (Kales e t  a l . ,  1967b; Fe inberg ,

1974; Will iams e t  a l . ,  1974) and an i n c re a s e  in th e  average d u ra t io n
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of  an awakening (Feinberg  e t  a l . ,  1967; Fe inberg ,  1974).

Depression was one o f  th e  s i g n i f i c a n t  symptoms re p o r te d  by Michigan 

r e s i d e n t s  (Valciukas e t  a l . ,  1979). I f  the  s l e e p  d i s o r d e r  o f  th e  sub­

j e c t s  i s  r e l a t e d  t o  d e p re s s io n ,  then changes s i m i l a r  t o  those  seen in 

th e  s l e e p  o f  d e p re s s iv e s  might be found. Unipolar  d e p re s s iv e s  have th e  

secondary symptom o f  an insomnia-type s le e p  d i s tu rb a n c e  which c o n s i s t s  

o f  an in c reased  s l e e p  onse t  l a t e n c y ,  an in c reased  number o f  awakenings, 

an in c reased  s t a g e  0 , an inc reased  time spen t  awake in the  e a r l y  morn­

in g ,  a decreased  t o t a l  s l e ep  time and a decreased  s t a g e  4 (Mendels and 

Hawkins, 1967a).  Depress ives  c h a r a c t e r i s t i c a l l y  show a decreased  l a ­

tency to  th e  f i r s t  REM period  (Synder e t  a l . ,  1968; Kupfer and F o s t e r ,  

1972; Weiss e t  a l . ,  1974; Kupfer, 1976; Kane e t  a l . ,  1977); the  degree 

o f  measured d ep re s s io n  has been n e g a t iv e ly  c o r r e l a t e d  with  th e  l a t e n c y  

to  th e  f i r s t  REM p e r io d  (Kupfer and F o s t e r ,  1972; Fink e t  a l . ,  1977).

The s u b j e c t s  could show changes in r e s p i r a t o r y  d r iv e  which would 

e xp la in  t h e i r  r e p o r t s  o f  hypersomnia. The s l e e p  o f  i n d iv i d u a l s  with 

th e  s le e p  apnea syndrome shows r e s p i r a t o r y  pauses which a re  a s s o c i a t e d  

with a rousa l  from one s leep  s tage  to  ano the r  and which produce daytime 

s l e e p in e s s  with overwhelming and u n re f r e sh in g  s le e p  a t t a c k s  (Guil lem- 

i n a u l t  e t  a l . , 1976).

Of th e  t h r e e  p o s s ib l e  r e s u l t s ,  i t  was expected t h a t  the  s tudy 

would e s t a b l i s h  the  s l e e p  o f  most s u b je c t s  to  be abnormal. I t  was f u r ­

t h e r  hypothes ized  t h a t  i f  c e n t r a l  nervous system fu n c t io n s  o f  the  sub­

j e c t s  had been a l t e r e d  by exposure t o  PBB, t h i s  a l t e r a t i o n  would be 

ex p re ssed ,  a t  l e a s t  in  p a r t ,  by changes in t h e i r  s l e e p  p a t t e r n s .  In 

t h i s  case  t h e  s u b j e c t s '  s l e e p  might resemble th e  s l e e p  o f  i n d iv id u a l s  

c h ro n o lo g ic a l ly  o ld e r  than the  s tudy po p u la t io n .  I f  a l t e r a t i o n s  in
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normal b ra in  fu n c t io n  o f  s u b je c t s  were demonstrated to  be r e l a t e d  to  

PBB l e v e l s ,  then th e  p o s s ib l e  causal  connection could be e i t h e r  by 

primary involvement o f  th e  c e n t r a l  nervous system s u b s t r a t e  o r  by r e ­

f l e c t i o n  o f  some in te rm e d ia te  sys temic  pa thology,  e . g .  t o x ic  m etabo l ic  

changes due to  h e p a t ic  d i s e a s e .

Examining th e  s l e e p  o f  th e  s u b je c t s  was considered  to  be m edica l ly  

a p p r o p r i a t e ,  because a s l e e p  d i s o r d e r  u su a l ly  has a r a t h e r  pe rvas ive  

d e t r im en ta l  e f f e c t  on th e  q u a l i t y  o f  th e  l i f e  o f  an i n d i v i d u a l ,  and 

because methods o f  o b j e c t i v e l y  c h a r a c t e r i z i n g  and d e l i n e a t in g  s leep  

problems were a v a i l a b l e  which might lead  to  e f f e c t i v e  t r e a tm e n t .  In 

a d d i t i o n ,  i f  s l e e p  reco rd ing  could be shown to  be usefu l  in  t h i s  s tu d y ,  

i t  might be employed in  f u t u r e  ep idemiological  s t u d i e s  o f  p o s s ib le  

neu ro to x in s .

Thus, using e le c t r o p h y s io lo g ic a l  record ing  t e c h n iq u e s ,  th e  p re ­

se n t  i n v e s t i g a t i o n  examined the  s le ep  o f  Michigan r e s i d e n t s  who had 

been exposed to  PBB and who had repo r ted  a marked in c re a s e  in  s leep  

requirement  and in  s le ep  t ime.  In a d d i t io n  to  s le ep  e v a l u a t i o n ,  neuro­

psychologica l  t e s t s  were adm in is te red  to  each o f  the  s u b je c t s , ,  and 

t h e i r  serum PBB l e v e l s  were measured. These a d d i t io n a l  procedures were 

performed to  a l low f o r  a survey o f  r e l a t i o n s h i p s  among PBB, s le ep  and 

neuropsychological  param eters .
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METHODS

SUBJECTS

Subjec ts  were s e l e c te d  from the  one hundred and twenty p a r t i c i ­

pants  in the  November, 1976 Michigan PBB Health  Survey ( S e l i k o f f  e t  

a l . ,  1976) who had repor ted  in a p h y s ic ia n -a d m in is te r e d  sp e c ia l  PBB 

q u e s t io n n a i r e  exper ienc ing  " t i r e d n e s s "  and " s l e e p in e s s "  dur ing  p a r t  or  

a l l  o f  the  per iod  beginning in 1973 and ending in  1976. Males who had 

a l s o  rep o r ted  s l e e p l e s s n ess  (n=1 0 ) on the  q u e s t io n n a i r e  and a l l  females 

(n=46) were excluded. Forty-seven o f  the  remaining p a r t i c i p a n t s  were 

in te rv iewed by phone using a Sleep Q ues t ionna i re  t o  de te rm ine :  1) i f  

th e  o r ig in a l  s leep  complaint  o f  hypersomnia p e r s i s t e d  and i f  so ,  to  

c h a r a c t e r i z e  i t s  p re s e n t  s t a t e  and 2 ) i f  the  in d iv id u a l  was i n t e r e s t e d  

in th e  proposed s le ep  examination.

Subjects  were s e le c te d  f o r  th e  fo l lowing  c h a r a c t e r i s t i c s :  1) the  

presence o f  a r ep o r te d  hypersomniac s leep  problem, 2 ) th e  absence o f  

th e  use o f  s l e e p - a l t e r i n g  m ed ica t ion ,  3) an age under 60 y e a r s  and 4) 

a w i l l in g n e s s  to  p a r t i c i p a t e  in the  s le e p  examinat ion s tudy .  S ix teen  

s u b je c t s  were s e l e c te d  and scheduled f o r  s le e p  exam inat ion ;  u l t i m a t e l y  

th r e e  did  not  p a r t i c i p a t e ,  while  ano ther  took p a r t  f o r  only th e  f i r s t  

n ig h t .  T h ere fo re ,  twelve males who ranged in  age from 23.1 to  57.5 

y e a r s  with a mean o f  41.8 + 11.5 and a median o f  45 .0  y e a r s  p a r t i c i ­

pated in the  s tudy .  All s u b je c t s  l iv e d  in  th e  lower pen insu la  o f  

Michigan. At th e  time o f  the  1976 s tu dy ,  s i x  had been r e s i d e n t s  o f  

quaran t ined  farms,  fou r  o f  non-quaran t ined  farms and two had been 

consumers o f  products  from quaran t ined  farms.  Nine o f  th e  men were 

d a i r y  fa rm ers ,  two were manual l a b o r e r s  and one was a v e t e r i n a r i a n .
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APPARATUS

A 16 Channel Grass E lec t roencephalograph  (Model #8-16B) provided 

a continuous paper r eco rd  a t  15 mm/sec. o f  e lec t roocu logram  (EOG), 

electromyogram (EMG), e lec t roencepha logram  (EEG), h e a r t  r a t e  and r e s ­

p i r a t o r y  r a t e .  These p h y s io lo g ic a l  measures were a ss igned  t o  seven 

channels  f o r  each s u b j e c t  in  th e  fo l lowing  manner.

Channels 1 and 2 recorded  h o r i z o n ta l  and v e r t i c a l  eye movement 

p o t e n t i a l s  r e s p e c t i v e l y .  The t h i r d  channel monitored th e  t o n ic  and 

phas ic  a c t i v i t i e s  o f  th e  d i g a s t r i c  muscles .  Channels 4 and 5 recorded 

the  EEG by u t i l i z i n g  th e  d i f f e r e n t i a l  p a i r s  o f  e l e c t r o d e s  C3  - A2  and 

Oi - A2  r e s p e c t i v e l y  o r  r a r e l y  C4  -  Ai and O2  -  Aj. The s i x t h  channel 

monitored h e a r t  r a t e  us ing  th e  d i f f e r e n t i a l  p a i r  o f  e l e c t r o d e s  r i g h t  

d i g a s t r i c  muscle - A2 . Channel 7 recorded  th e  r e s p i r a t o r y  r a t e .

The EOG e l e c t r o d e s  were p o s i t io n e d  as fo l lows (F igure  2 ,  p . 31): 

h o r izo n ta l  -  an e l e c t r o d e  was lo ca te d  a t  the  o u t e r  canthus o f  each 

eye,  and v e r t i c a l  - an e l e c t r o d e  was a t t a c h ed  above and below the  l e f t  

eye. The two EMG e l e c t r o d e s  were p o s i t io n e d  on th e  l e f t  and r i g h t  

s id e s  under th e  chin  over  th e  a n t e r i o r  b e l l i e s  o f  the  l e f t  and r i g h t  

d i g a s t r i c  m uscles ,  r e s p e c t i v e l y  (F igure  2 ,  p . 31).  The EOG and EMG 

e le c t r o d e s  were Beckman s i l v e r - s i l v e r  c h lo r id e  d i s c  e l e c t r o d e s ,  

a t t a c h ed  by adhesive  c o l l a r s ,  as was a ground e l e c t r o d e  which was 

placed on th e  c e n t e r  o f  th e  fo rehead .

The EEG e l e c t r o d e s  were Grass E5GH g o ld - p la te d  cup e le c t ro d e s  

with h o le s ,  secured with c o l lo d io n .  The I n t e r n a t i o n a l  10-20 Elec­

t ro d e  System f o r  e l e c t r o d e  placement ( J a s p e r s ,  1958) was u t i l i z e d  

except  f o r  th e  o c c i p i t a l s  which were lo ca te d  3 cm. more a n t e r i o r l y .

The l e f t  and r i g h t  e a r  e l e c t r o d e s ,  A  ̂ and A2 , were lo ca te d  over the
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RH = Right Horizonta l  RM = Right Muscle

LH = L ef t  Horizonta l  LM = Lef t  Muscle

TV = Top V e r t ic a l  G = Ground

BV = Bottom V er t ica l

Figure  2: PLACEMENT OF EOG, EMG AND GROUND ELECTRODES
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l e f t  and r i g h t  mastoid  p r o c e s s e s ,  r e s p e c t i v e l y .

Beckman e l e c t r o l y t e  gel was used to  i n t e r f a c e  a l l  e l e c t r o d e s  with 

sca lp  o r  s k in ,  and e l e c t r o d e  r e s i s t a n c e  was l e s s  than 5,000 ohms.

The r e s p i r a t o r y  r a t e  was recorded  by measuring t h o r a c i c  movements 

with a s t r a i n  gauge connected through a 1 , 0 0 0  ohms b r idge  c i r c u i t  t o  a 

d i r e c t  coupled inpu t  o f  the  e lec t roenceph a log raph  a m p l i f i e r .

The frequency response  o f  th e  a m p l i f i e r s  was s e t  t o  give a pass 

band from 0 .5  Hz ( t . c . =  0.12 s e c . )  -  90 Hz f o r  EOG and EEG and 2 .5  Hz 

( t . c . =  0.035 s e c . )  - 90 Hz f o r  EMG. Both pass bands a re  6  db. down in 

vo l tage  a t  th e  endpo in ts ;

A time code was recorded on channel 16. W ire less  intercoms were

used f o r  s u b j e c t  -  t e c h n ic i a n  communication.

PROCEDURE

Each su b je c t  s l e p t  f o r  t h r e e  consecu t ive  n ig h ts  a t  th e  Kent

Community Hospita l  in  Grand Rapids,  Michigan. S u b jec ts  had been i n ­

s t r u c t e d  by phone: 1 ) no t  t o  t ak e  any naps dur ing  th e  day s t a r t i n g  

from th e  f i r s t  day p r i o r  to  s l e e p  reco rd in g  and c on t in u ing  th roughout  

the  s tudy and 2 ) not  t o  d r in k  any c o f f e e ,  t e a ,  s o f t  d r in k s  o r  a lcohol  

o r  tak e  any p sy ch o -ac t iv e  drugs from 1 2 : 0 0  noon on th e  f i r s t  day p r i o r  

to  s leep  reco rd ing  and con t in u in g  th roughout  th e  s tudy .  S ub jec ts  

a r r iv e d  in the  evening o f  th e  f i r s t  n ig h t  and were again  given th e  

above i n s t r u c t i o n s .  They were a l s o  i n s t r u c t e d  t h a t  dur ing  th e  s tudy  

they  could leave  t h e  h o s p i t a l  dur ing  th e  day but  should conf ine  t h e i r  

a c t i v i t i e s  to  th e  genera l  Grand Rapids a re a  and should n o t  do any 

a c t i v i t e s  which were u n u s u a l , extreme o r  ou t  o f  th e  o rd in a ry  in any 

way.
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Each s u b j e c t  s l e p t  a lone  in a double bed -s ized  h o sp i t a l  room with 

westward-fac ing  windows which were covered by t h i c k  cardboard and c u r ­

t a i n s .  The rooms o f  th e  s u b j e c t s  and th e  equipment room were lo ca ted  

on an unused f l o o r  o f  th e  h o s p i t a l .  Each n ig h t  be fore  th e  l i g h t  was 

tu rned  o f f ,  s u b j e c t s  were t o l d  to  s le ep  u n t i l  awakened by the  t e c h n i ­

c i a n ,  and t ime p iec es  were no t  a v a i l a b l e  to  them. S u b jec ts  completed 

t h e  s le e p  examination s tudy  a t  approximate ly  1 2 : 0 0  noon on the  day 

fo l low ing  th e  t h i r d  n i g h t ' s  rec o rd in g .

The b i o e l e c t r i c  parameters  were recorded f o r  e i g h t  hours on th e  

f i r s t  two n i g h t s  and f o r  twelve hours on the  t h i r d  n ig h t  o f  t h r e e  con­

se c u t iv e  n i g h t s .  The reco rd ing  was done in p a i r s  f o r  e ig h t  s u b j e c t s  

and i n d i v i d u a l l y  f o r  fo u r .

For each reco rd in g  s e s s io n  s u b je c t s  completed a Pre -S leep  Ques­

t i o n n a i r e  j u s t  p r i o r  t o  " l i g h t s  o f f "  and a Pos t -S leep  Q ues t ionna i re  

immediately fo l low ing  " l i g h t s  on". A f te r  a r r i v i n g  f o r  th e  f i r s t  n i g h t ' s  

r e c o rd in g ,  s u b j e c t s  completed th e  Zung S e l f -R a t in g  Depression Scale  

(Zung, 1965) which they  were t o ld  was a general  q u e s t i o n n a i r e .  Sub jec ts  

were adm in is te red  a Memory T es t  on the  second evening o f  the  s tudy be­

f o r e  th e  a p p l i c a t i o n  o f  e l e c t r o d e s .

Using v a c u ta in e r  tu b e s ,  p e r ip h e ra l  blood (20 ml . )  was taken by 

ven ipunc tu re  from each s u b je c t  on th e  t h i r d  morning, a f t e r  he had com­

p le te d  a P os t -S leep  Q ues t ionna i re  and be fo re  e l e c t r o d e  removal. A f te r  

one hour th e  blood was c e n t r i f u g e d ,  and th e  serum removed and s to red  

f rozen  in g l a s s  b o t t l e s  with T e f lo n - l in e d  caps .  The b o t t l e s  had been 

pre-washed with  d e t e r g e n t  and water  and r in se d  in success ion  with t ap  

w a te r ,  d i s t i l l e d  w a te r ,  ace tone  and hexane. At th e  completion o f  th e  

s tudy th e  f rozen  serum was r e f r i g e r a t e d  in dry  i c e  and t r a n s p o r te d
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d i r e c t l y  t o  th e  Mount S ina i  Environment Sciences  Laboratory  f o r  d e t e r ­

m ina t ion  o f  serum l e v e l s  o f  PBBs.

The s le e p  examination s tudy commenced on March 13, 1979 and ended 

on April  9,  1979.

DATA ANALYSIS

Visual s le e p  sco r in g  us ing  g e n e r a l ly  accep ted  methods (Rechtschaf-  

fen and Kales ,  1968) was c a r r i e d  out  on th e  reco rds  o f  a l l  t h r e e  s tudy 

n ig h ts  f o r  each s u b j e c t .  Delta  wave ampli tude  was d e f ined  to  be a t  

l e a s t  50 f d  p e ak - to -peak ,  according  t o  Feinberg (1974).  The s leep  

terminology ( c f .  D e f in i t io n s  o f  Terms and A b b re v ia t io n s ,  p p . x i i i - x i v )  

was t h a t  used by Feinberg e t  a l .  (1967), Williams e t  a l .  (1974) and 

Feinberg and Floyd (1979).  Sleep s t a g e s ,  r ap id  eye movement d e n s i t i e s  

and body movement were determined w ith  s u b je c t  b l in dn ess  and n ig h t  num­

ber  b l in d n e ss  f o r  s e v e n ty - s ix  p e rcen t  o f  t h e  r e c o rd s .

The q u e s t io n s  f o r  th e  S leep ,  P re -S leep  and Pos t -S leep  Quest ion­

n a i r e s  were designed using  as a model a s l e e p  q u e s t io n n a i r e  o f  Dr.

Irwin Feinberg (V.A. H o s p i t a l ,  San F ra n s i s c o ,  CA.). The sco r in g  o f  

q u e s t io n s  was s i m i l a r  t o  th e  method used by Zung (1965). The Sleep 

Q ues t ion n a i re  (Appendix A, p . 106) was used to  in te rv ie w  p o t e n t i a l  

p a r t i c i p a n t s  in  th e  s l e e p  s tu d y .  The answers to  n ine  out  o f  seven­

teen  o f  th e  s le e p  h i s t o r y  ques t ion s  were scored one, two o r  t h r e e  

p o in t s  each .  A Sleep Index which ranged from 0.33 to  1.00 was ob­

t a in e d  by d iv id in g  th e  h ig h e s t  p o s s ib l e  s c o r e ,  27, i n to  th e  a c tua l  

s c o re .  A high index va lue  in d ic a te d  a r e p o r te d  hypersomniac s le ep  

problem.

The Pre -S leep  Q ues t ionna ire  (Appendix B, p . 109) monitored a sub-
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j e c t ' s  compliance with h is  i n s t r u c t i o n s ;  s i x  o f  t h e  q u e s t io n s  a l s o  quan­

t i f i e d  th e  p r o b a b i l i t y  o f  a r a p id  onse t  o f  r e s t f u l  s l e e p .  Each o f  the  

s i x  q u e s t io ns  had f i v e  p o s s ib le  answers which were scored  s e q u e n t i a l l y  

one through f i v e  p o i n t s .  A Pre-Sleep  Index which ranged from 0.20 to

1.00 was ob ta ined  by d iv id in g  th e  h ig h e s t  p o s s ib l e  s c o r e ,  30, i n to  the  

a c tua l  s c o re .  A high index value in d ic a te d  a high p r o b a b i l i t y  o f  a 

rap id  s le ep  onse t  fol lowed by r e s t f u l  s l e e p .

The Pos t -S leep  Q uest ionnaire  (Appendix C, p . 112) q u a n t i f i e d  a sub­

j e c t ' s  s e l f - e v a l u a t i o n  o f  the, q u a l i t y  o f  the  p rev ious  n i g h t ' s  s l e e p .

Ten qu es t io ns  each w i th  f i v e  p o s s ib le  answers which were scored sequen­

t i a l l y  one through f i v e  p o in ts  d e a l t  wi th  t h e  p e r io d s  o f  f a l l i n g  a s l e e p ,  

s leep  dur ing  t h e 'n i g h t  and f i n a l  awakening. A Pos t -S leep  Index which 

ranged from 0 . 2 0  to  1 . 0 0  was ob ta ined  by d iv id in g  th e  h ig h e s t  p o s s ib le  

sc o re ,  50, i n to  the  a c tu a l  sco re .  A high index va lue  i n d ic a t e d  a sub­

j e c t i v e l y  good n i g h t ' s  s l e e p .  For a l l  t h r e e  q u e s t i o n n a i r e s ,  o n e -h a l f  

o f  th e  scored ques t ions  had answers which were i n c r e a s in g l y  p o s i t i v e  

symptomatical ly  from l e f t  to  r i g h t  while  th e  o t h e r  h a l f  o f  th e  ques­

t i o n s  had answers which were o p p o s i t e ly  sequenced.

The Zung S e l f -R a t in g  Depression S t a l e  (Zung, 1965; Appendix D, 

p . 115) was designed t o  a id  in the  d iag n o s is  o f  d e p re s s io n .  Twenty 

q u e s t io n s ,  ten  worded to  be symptomatical ly  p o s i t i v e  and ten  n e g a t iv e ,  

each with fo u r  p o s s ib le  answers which were scored  s e q u e n t i a l l y  one 

through fo u r  p o in ts  asked a s u b je c t  to  e v a lu a te  v a r io u s  a sp e c t s  o f  h is  

l i f e .  A Depression Index ranging from 0.25 t o  1.00 was ob ta ined  by 

d iv id in g  th e  h ig hes t  p o s s ib l e  s c o r e ,  80 ,  i n t o  th e  a c tu a l  s c o re .  A 

high index value  suggested th e  d iag n o s is  o f  primary d e p re s s io n .

The Memory Test  (Appendix E, p . 117) was compiled by Drs. Sidney P.
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Diamond, Brenda Eskenazi and Steven M at t i s  and was used in a 1978 

Michigan genera l  popu la t ion  s tudy o f  th e  h e a l th  e f f e c t s  o f  PBB ( S e l i -  

koff  and Anderson, 1979). The t e s t  l a s t e d  t h i r t y  minutes and was com­

posed o f :  1) th e  M at t i s  Sen tence ,  2) th e  Benton Revised Visual Reten­

t i o n  T e s t ,  3) th e  Mattis-Kovner Memory Recognit ion Tes t  and 4) the  

A ssoc ia te  Learning T es t .

The M at t i s  Sen tence ,  which measured verbal  r e c a l l ,  was p a r t  o f  th e  

Dementia Rating Sca le  o f  Dr. M at t i s  (personal  communication) but  f o r  

t h i s  s tudy  was modif ied  from a r e c a l l  d u ra t io n  o f  one minute to  one o f  

t h i r t y  m inutes .  While showing to  th e  s u b j e c t  a sh e e t  o f  paper on which 

was the  se n te n c e ,  "The boy has a brown d o g ." ,  th e  t e s t e r  s a i d ,  "I want 

you to  read t h i s  sen ten ce  ou t  loud.  Remember the  sen ten ce ,  because I 

am going to  ask  you to  r e p e a t  i t  l a t e r . "  The s u b je c t  then read  the  

sen tence  out  loud.  A f te r  th e  complet ion o f  th e  Assoc ia te  Learning T e s t ,  

th e  t e s t e r  s a id  to  th e  s u b j e c t ,  "What was the  sentence  I t o ld  you to  

remember?" The response  o f  th e  s u b je c t  was recorded and was scored in 

the  fo l lowing  manner. For th e  c o r r e c t  complete sen ten ce ,  fo u r  p o in ts  

were g iven ;  i f  th e  word "boy", "brown" o r  "dog" was m is s in g ,  one p o in t  

was su b t r a c t e d  from th e  s c o re ;  i f  " the"  o r  "has" was m is s in g ,  o n e -h a l f  

a p o in t  was s u b t r a c t e d ;  i f  an i n s e r t i o n  was made ( e .g .  " l i t t l e "  boy),  

o n e -h a l f  a p o in t  was s u b t r a c t e d ;  i f  the  c o n te x t  was i n c o r r e c t ,  o n e -h a l f  

a p o in t  was s u b t r a c t e d ;  and i f  th e  e n t i r e  sen tence  was not  remembered, 

no p o in ts  were g iven .

The Benton Revised Visual Retent ion  Tes t  was designed to  a s se ss

v isu a l  p e rc e p t io n ,  v i su a l  memory and v i s u o - c o n s t r u c t iv e  a b i l i t i e s

(Benton, 1974). In t h i s  s tudy "Adm inis t ra t ion  A" and "Form D" were

used. The t e s t e r  showed to  th e  s u b j e c t  t en  sh e e t s  o f  pape r ,  one a t  a
•
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t im e ,  on each o f  which were one o r  more geometr ic  f i g u r e s .  The s u b j e c t  

s tu d ied  a sh e e t  f o r  t e n  seconds,  the  sh e e t  was removed, and then the  

s u b je c t  was allowed an un l im i ted  amount o f  time to  draw on a blank sh e e t  

what he had seen.  The t e s t  was scored f o r :  1) the  number o f  c o r r e c t  

r ep ro d uc t io ns  (C orrec t  Score)  which was a measure o f  the  general  e f f i c ­

iency o f  performance and 2) the  number o f  e r r o r s  (E rro r  Score) .  For th e  

Correc t  Score ,  one p o in t  on an a l l - o r - n o n e  b a s i s  was given f o r  each 

c o r r e c t l y  reproduced design  with  ten  p o in ts  as a p e r f e c t  s c o re .  For a l l  

i n c o r r e c t  d e s ig n s ,  one o r  more types  o f  e r r o r s  were made and given one 

p o in t  each. The E rro r  Score was the  t o t a l  number o f  a l l  e r r o r s .

The Mattis-Kovner Memory Recognition Tes t  (personal  communication) 

measured r e c o g n i t io n  o f  names o f  animals and examined th e  change in p e r ­

formance over r epea ted  t r i a l s  o f  random verbal  p r e s e n t a t i o n s .  The t e s t ­

e r  read to  the  s u b j e c t  a l i s t  o f  twenty animal names ( th e  o r i g in a l  l i s t ) .  

The s u b je c t  repea ted  each name a f t e r  i t  was given and t r i e d  t o  remember 

as many names as he could .  Then th e  t e s t e r  read a l i s t  ( f i r s t  t r i a l  

l i s t )  o f  f o r t y  animal names, twenty o f  which were from th e  o r i g in a l  

l i s t  and twenty o f  which were new. I f  th e  name was from th e  o r ig in a l  

l i s t ,  th e  s u b je c t  s a i d ,  "Yes"; i f  i t  was n o t ,  he s a i d ,  "No". The 

t e s t e r  recorded the  answers o f  the  s u b je c t  and provided immediate f ee d ­

back reg a rd ing  t h e i r  c o r r e c tn e s s  (e .g  h i t ,  c o r r e c t  r e j e c t i o n ,  miss o r  

f a l s e  a la rm ) .  A t o t a l  o f  fo u r  t r i a l  l i s t s  were used. For each l i s t  

the  number o f  h i t s  and th e  number o f  f a l s e  alarms were used to  c a l c u ­

l a t e  d 1 f o r  each o f  th e  fo u r  t r i a l s .

The A ssoc ia te  Learning T es t  was used in  t h i s  s tudy to  measure 

r e c a l l  o f  p a i r s  o f  a s s o c i a t e d  words (Wechsler and S tone,  1974). The 

t e s t e r  s a id  t o  th e  s u b j e c t ,  "I am going to  read p a i r s  o f  words t o  you.
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I want you to  t r y  to  remember th e  words t h a t  go t o g e t h e r . "  A f te r  r e a d ­

ing ten  p a i r s  o f  words from a p r e s e n t a t i o n  l i s t ,  th e  t e s t e r  read  in a 

d i f f e r e n t  o rde r  the  f i r s t  word o f  each p a i r ,  whi le  th e  s u b j e c t  a t temp­

ted  to  respond with th e  a s so c ia t e d  word. Six o f  th e  p a i r e d  words were 

d es igna ted  "easy" to  a s s o c i a t e ,  and fo u r  were termed "ha rd " .  Three 

p r e s e n t a t i o n  l i s t s  were read ,  each having the  same p a i re d  words, but  

in a d i f f e r e n t  o rd e r .  The t e s t  score  was ob ta ined  by d iv id in g  by two 

the  t o t a l  number o f  c o r r e c t l y  p a i red  "easy" a s s o c i a t i o n s  f o r  a l l  t h r e e  

p r e s e n t a t i o n  l i s t s  and adding t h a t  number to  the  t o t a l  number o f  c o r ­

r e c t l y  p a i red  "hard" a s s o c i a t i o n s  f o r  a l l  t h r e e  p r e s e n t a t i o n  l i s t s .

The t e s t  score  f o r  p e r f e c t  r e c a l l  was 21 .0 .

Dr. Mary S. Wolff o f  th e  Mount Sinai  Environmental Sc iences  Lab­

o r a to ry  determined serum l e v e l s  o f  PBBs f o r  a l l  s u b j e c t s  us ing  gas 

chromatography with e l e c t r o n  cap tu re  d e t e c t i o n .  The complete  method 

f o r  a n a ly s i s  o f  serum PBB used by her l a b o r a to r y  has been re p o r t e d  

(Wolff e t  a l . ,  1978a).

For s t a t i s t i c a l  a n a l y s i s  and p r e s e n t a t io n  o f  d a t a ,  "Nl" and "N2" 

w i l l  l abe l  da ta  from th e  f i r s t  and second n ig h t  s le e p  r e c o r d i n g s ,  r e ­

s p e c t i v e l y .  "N3a" wi l l  r e f e r  to  the  da ta  from th e  f i r s t  e i g h t  hours 

o f  s l e ep  reco rd ing  on the  t h i r d  n i g h t ,  while  "N3b" wi l l  correspond  to  

d a ta  from the  e n t i r e  twelve hours o f  s le ep  rec o rd in g .

The number (n) used f o r  s t a t i s t i c a l  a n a ly s i s  invo lv ing  d a ta  from 

Nl and N2 was 12. The t h i r d  n ig h t  s l e e p  o f  two s u b j e c t s  was unavoid­

ably  i n t e r r u p t e d  by th e  r in g in g  o f  a f i r e  alarm. T h e re fo re ,  t h e  "n" 

used f o r  most da ta  from N3a and N3b was 10.

Two-tai led  t e s t s  o f  s i g n i f i c a n c e  were used f o r  a l l  t e s t i n g  with 

p - ,0 5  considered  as th e  leve l  o f  s i g n i f i c a n c e .
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The s le e p  o f  th e  s u b j e c t s  o f  t h i s  s tudy  was compared to  the  s le ep  

o f  normal s u b j e c t s  us ing  th e  va lues  o f  Will iams e t  a l .  (1974),  Feinberg 

e t  a l .  (1967) and Feinberg (1974).  Data from N2 and N3a were used f o r  

the  comparison.  The s u b j e c t s  were d iv ided  in to  a Young Group (YG) and 

an Old Group (OG) to  correspond  to  the  age groups o f  th e  normative da ta  

(Table 1, p . 40) .  The means o f  the  s le e p  v a r i a b l e s  o f  the  YG were com­

pared to  those  o f  th e  Twenties Men, T h i r t i e s  Men, Young Normals and 

Group Four, whi le  th e  means o f  th e  OG were compared to  those  o f  the  

F o r t i e s  Men, F i f t i e s  Men, Aged Normals and Group Five.  Two normal age 

groups from Williams e t  a l .  (1974) were used f o r  comparison with  each 

o f  the  s u b je c t  groups because o f  th e  mean ages o f  th e  YG and OG. Un­

p a i red  t - t e s t s  were u t i l i z e d  t o  t e s t  f o r  d i f f e r e n c e s  in mean values 

between groups (Chao, 1974).

I t  i s  noted t h a t  each o f  th e  fo u r  groups o f  Dr. Feinberg inc lude  

both men and women, whereas th e  two s u b j e c t  groups c o n s i s t  only o f  men. 

Williams e t  a l .  (1974) re p o r te d  th e  s i g n i f i c a n t  d i f f e r e n c e s  in s le e p  

parameter  va lues  between men and women f o r  sev e ra l  age groups.  The 

p e r t i n e n t  d i f f e r e n c e s  concerning  th e  p r e s e n t  comparison o f  th e  s le e p  

values  o f  the  s u b j e c t s  w i th  th o se  o f  th e  fo u r  groups a r e  lower percen­

t s  o f  s tage  3 and s t a g e  4 o f  th e  s le e p  pe r iod  time f o r  men as compared 

to  women in th e  s e v e n t i e s  age group. These d i f f e r e n c e s  may be r e l ­

evant  to  th e  s l e e p  d a ta  o f  th e  Aged Normals because o f  th e  age s i m i l a r ­

i t y .  However, th e  Aged Normals Group c o n s i s t s  o f  one and o n e -h a l f  times 

as many men as women, and,  t h e r e f o r e ,  th e  e f f e c t  o f  th e  i n c lu s io n  o f  

women in t h i s  group on th e  s t a g e  3 and s ta g e  4 va lues  would be expected 

to  be r e l a t i v e l y  moderate .  Consequently ,  a comparison between th e  OG 

and the  Aged Normals Group was cons idered  r e a so n a b le .
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TABLE 1: DESCRIPTIVE DATA OF THE AGE GROUPS USED IN
THE NORMAL SLEEP COMPARISON

AGE GROUP
TOTAL

NUMBER
MEN WOMEN MEAN

AGE (yea rs )
±SD RANGE

Young 1 N2+N3a 5 5 0 29.9 4 .9 23 .1 -3 5 .4

Old 1 N2 7 7 0 50.2 5 .0 4 4 .6 -5 7 .5

N3 5 5 0 52.3 4 .2 46 .8 -57 .5

Twenties Men 2 1 1 1 1 0 25. - 20-29

o
T h i r t i e s  Men 1 0 1 0 0 35. - 30-39

F o r t i e s  Men 2 1 0 1 0 0 45. - 40-49

F i f t i e s  Men 2 . 1 2 1 2 0 55. - 50-59

Young Normals 3 15 9 6 26.6 - 19-39

Aged Normals 3 15 9 6 77.0 - 65-96

Group Four ^ 13 8 5 31.5 5.5 2 6 .2 -43 .3

Group Five ^ 8 2 6 55.3 8 . 1 45 .9 -6 4 .8

1 Sub jec ts  o f  p re s e n t  s tudy

2  Will iams e t  a l . ,  1974

3  Feinberg e t  a l . ,  1967

4 Fe inberg ,  1974
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A c o n s id e ra t io n  concern ing  the  use o f  th e  s le e p  v a lu es  o f  Feinberg 

e t  a l .  (1967) i s  t h a t  th e  average time in bed (TIB) f o r  th e  Young Nor­

mals was only 7.01 + .45 (mean ± SD) hours as  compared to  th e  TIB o f  

e ig h t  hours f o r  th e  s u b je c t s .  With l e s s  tim e in  bed a d ec rease  in  th e  

t o t a l  s le e p  time (TST) would probably  occu r .  Because s ta g e  3 and s tag e  

4 occur in  h igher p e rc en ts  o f  th e  TST in  th e  f i r s t  hours o f  s le ep  

(Williams e t  a l . ,  1964), a decreased  TIB s i t u a t i o n  could cause an in ­

c re a se  in th e  p e rc en ts  o f  th e  TST o f  s ta g e  3 and s ta g e  4. However, t h i s  

p o s s i b i l i t y  i s  not a major concern , because th e  comparisons invo lv ing  

th e  va lues  o f  the  Young Normals Group a re  s i m i l a r  to  th o se  invo lv in g  

th e  o th e r  normal groups as rep o r te d  in  th e  r e s u l t s  s e c t io n .

Conversely , th e  Aged Normals.Group had an average  TIB o f  7 .82 ±

.64 (mean ± SD) hours which corresponds c lo s e ly  to  th e  TIB o f  th e  sub­

j e c t s ,  w hile  the  average TIB o f  Groups Four and Five o f  Feinberg (1974) 

a re  o f  no major s ig n i f i c a n c e ,  because the  d a ta  o f  th o se  groups a re  

rep o r te d  in  terms o f  s le e p  c y c le s .

W illiams e t  a l . (1974) scored  s le e p  rec o rd s  using  one minute epochs,

used s ta g e  1 or s ta g e  2 fo r  th e  s le e p  o n se t  m arker, and had th e  TIB 

te rm in a ted  when a s u b je c t  n a tu r a l l y  awakened in  th e  morning and wished 

to  a r i s e .  These procedures d i f f e r e d  from th o se  o f  th e  p re s e n t  s tu d y , 

but only th e  TIB d i f f e r e n c e  was co n s id ered  to  be p o s s ib ly  s i g n i f i c a n t  

in  re fe re n c e  to  th e  use o f  th e  d a ta  in  comparisons w ith  th e  d a ta  o f  

th e  s u b je c ts  o f  t h i s  s tud y . The means ± SD o f  th e  TIB f o r  th e  T w enties , 

T h i r t i e s ,  F o r t ie s  and F i f t i e s  Men were 7.37 ±  .2 0 ,  7 .24  ±  .3 4 ,  7 .15  ±

.65 and 7 .04  ± .75 h o u rs ,  r e s p e c t iv e ly .  Because th e  TIB was n o t s h o r t ­

ened p rem ature ly  by th e  experim enter bu t r a t h e r  was te rm in a ted  by th e  

s u b je c t  in  a n a tu ra l  manner, th e  s le e p  e f f i c i e n c y  index and th e  p e rc en ts
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o f  the  s ta g e s  o f  th e  s le e p  pe riod  tim e were thought to  be r e p re s e n ta ­

t i v e  o f  normal va lues  and , t h e r e f o r e ,  o f  use in  a comparison w ith  the  

values o f  th e  YG and OG.

To d isc o v e r  during  what s ta g e s  o f  s le e p  awakenings o c cu rred ,  the  

number o f  awakenings o ccu rr in g  during  s ta g e s  2 ,  3 ,  4 and REM were c a l ­

c u la te d  in  terms o f  p e rc e n ts  o f  awakenings f o r  each s ta g e  f o r  Nl, N2, 

N3a and N3b. Pa ired  t - t e s t s  were used to  t e s t  f o r  th e  d i f f e r e n c e s  

between th e  mean v a lu e s .

The f i r s t  n ig h t  o f  la b o ra to ry  s le ep  has been considered  an adap­

t a t i o n  n ig h t ,  because th e  s le e p  o f  normal su b je c ts  on th e  f i r s t  n ig h t  

as compared w ith  l a t e r  n ig h ts  has been found to  be d i f f e r e n t .  S p e c if ­

i c a l l y  th e  f i r s t  n ig h t  o f  s le e p  has: 1 ) an in c reased  number o f  awaken­

in g s ,  2) an in c re a sed  amount o f  w akefu lness , 3) an in c reased  la te n c y  

to  the  f i r s t  REM p e r io d ,  4) a decreased  amount an d /o r  p e rc en t  o f  s tag e  

REM and 5) an in c re a sed  la te n c y  to  s tag e  3 (R echtschaffen  and Verdone, 

1964: 1 ,4 ;  Agnew e t  a l . ,  1966: 1 ,3 ,4 ;  Gulevich e t  a l . ,  1967: 4;

Mendels and Hawkins, 1967b: 2 ,3 ,5 ;  Schmidt and K ae lb lin g , 1971: 1 ,2 ,4 ,  

5; Cobbe e t  a l . ,  1974: 3 ) .  Schmidt and K aelb ling  (1971) a ls o  rep o r te d  

an in c re ased  s le e p  o n se t  la te n c y ,  a decreased  t o t a l  s le ep  t im e ,  a de­

creased  amount o f  s ta g e  2 , an in c re ased  number o f  s ta g e  s h i f t s  and a 

decreased  number o f  REM p erio ds  f o r  th e  s le e p  o f  th e  f i r s t  n ig h t .

In c o n t r a s t  to  normal s u b j e c t s ,  insom niacs, d e p re s s iv e s  and 

sc h izo p h ren ic s  do no t e x h ib i t  ty p ic a l  f i r s t  n ig h t  s le ep  a d a p ta t io n  

e f f e c t s .  Karacan e t  a l . (1971) re p o r te d  t h a t  insomniacs showed a de­

creased  s le e p  e f f i c i e n c y  and an in c re ased  la te n c y  o f  a r i s i n g ,  w hile  

th e  c o n tro l  su b je c ts  d id  n o t .  D epressives (Mendels and Hawkins, 1967b; 

Kupfer e t  a l . ,  1974) and sc h izo p h ren ic s  (Gulevich e t  a l . ,  1967; Kupfer
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e t  a l . ,  1974) show few, i f  any, f i r s t  n ig h t  s le e p  a d a p ta t io n  e f f e c t s .

The f i r s t  n ig h t  s le e p  a d a p ta t io n  e f f e c t s  o f  th e  s u b je c t s  were i n ­

v e s t ig a te d  by t e s t i n g  f o r  th e  d i f f e re n c e s  between th e  mean va lues  o f  

the  s le ep  v a r ia b le s  o f  Nl and N2, and Nl and N3a using  p a ired  t - t e s t s  

(Chao, 1974).

The Depression In d ices  o f  the  s u b je c ts  were compared to  th e  De­

p re ss io n  In d ices  o f  th e  th re e  groups re p o r te d  by Zung (1965) (Table 6 , 

p . 73). For th e  d ep re ss io n  a n a ly s is  s u b je c ts  were d iv id e d  in to  th e  

fo llow ing  th re e  subgroups: 1 ) a l l  o f  th e  s u b j e c t s ,  2 ) s u b je c t s  w ith  

r e l a t i v e l y  low Depression In d ice s  and 3) s u b je c ts  w ith  r e l a t i v e l y  high 

Depression In d ic e s .  The th re e  Zung groups c o n s is te d  o f :  1) normal sub­

j e c t s  who were f r e e  o f  observab le  symptoms o f  d e p re ss io n  and who had no 

h i s to r y  o f  re c e n t  d e p re s s iv e  i l l n e s s e s ,  2 ) in d iv id u a ls  who were d ia g ­

nosed as having d e p re ss iv e  d is o rd e rs  and 3) in d iv id u a ls  who were in ­

i t i a l l y  d iagnosed as having d e p re ss iv e  d is o rd e rs  but who were l a t e r  

diagnosed as having o th e r  p s y c h ia t r i c  d is o rd e r s  c o n s i s t in g  m ainly o f  

a n x ie ty  r e a c t i o n s ,  p e r s o n a l i ty  d is tu rb a n c e s  and psychophysio log ica l 

d is tu rb a n c e s .  Unpaired t - t e s t s  were used to  t e s t  f o r  d i f f e r e n c e s  in  

mean Depression In d ices  between th e  s u b je c t  groups and th e  Zung groups 

(Chao, 1974).

The r e s u l t s  o f  th e  Benton Revised Visual R eten tion  T es t  o f  th e  

s u b je c ts  were ev a lu a ted  f o r  in d ic a t io n s  o f  acq u ired  impairment o f  cog­

n i t i v e  fu n c t io n in g .  The norm ative d a ta  fu rn ish ed  by Benton (1974) were 

employed w ith  th e  premorbid i n te l l i g e n c e  q u o t ie n t  o f  each o f  th e  sub­

j e c t s  e s t im ated  to  be averag e , i . e .  95-109 f o r  th e  c o r r e c t  sco re  and 

95-104 f o r  th e  e r r o r  sc o re .

The mean sco res  f o r  th e  A ssoc ia te  Learning T es t  o f  th e  YG and OG
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were compared to  th e  mean sco res  o f  two normal groups re p o r te d  by Wech- 

s l e r  and Stone (1974) using  unpaired  t - t e s t s  (Table 7 ,  p . 73). The Y6  

was compared to  th e  Twenties Group which c o n s is te d  o f  men and women w ith 

an age range o f  20-29 y e a rs  and an i n t e l l i g e n c e  q u o t ie n t  o f  102.9 + 5.46 

(mean ± SD). The OG was compared to  th e  F o r t i e s  Group which c o n s is te d  

o f  men and women w ith  an age range o f  40-49 y e a rs  and an i n t e l l i g e n c e  

q u o t ie n t  o f  102.0 ± 6 .58  (mean ± SD).

C o rre la t io n  c o e f f i c i e n t s  were computed using  s le ep  p a ram ete rs ,  

age, PBB serum l e v e l ,  PBB f a t  l e v e l ,  Depression Index, Memory T es t  

s c o re s ,  and S leep , P re -S leep  and P o s t-S leep  Q uestio nna ire  In d ic e s .  The 

t - t e s t  was used to  determ ine  s i g n i f i c a n t  c o r r e l a t io n s  (Chao, 1974).

C a lc u la t io n s  f o r  a l l  t e s t s  were performed on a Texas Instrum ents  

(TI-55) e le c t r o n i c  c a l c u l a t o r .
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RESULTS

The r e s u l t s  o f  th e  s tudy  w i l l  be p resen ted  in  fo u r  s e c t io n s :  1 ) 

Normal Sleep Comparison, 2) F i r s t  Night Sleep A daptation  E f f e c t s ,  3) 

N europsychological Data and 4) C o r re la t io n  Data.

NORMAL SLEEP COMPARISON

The d e s c r ip t iv e  d a ta  o f  th e  groups used in  th e  normal s le e p  com­

p a riso n  can be found in  Table 1, p . 40. The means and s ta n d a rd  d e v ia ­

t io n s  f o r  N2 and N3a s le e p  v a r ia b le s  o f  th e  Young Group (YG) and o f  th e  

Old Group (OG) a re  re p o r te d  in  Table 2 , p p .46-48 , and Table 3 ,  p p .49- 

51, r e s p e c t iv e ly .  The N2 and N3a mean v a lues  o f  th e  YG and OG f o r  s le e p  

e f f i c i e n c y  index and p e rc e n ts  o f  th e  s le e p  p e riod  tim e (SPT) o f  s ta g e s  

0 ,  1 , 2 , 3 , 4 ,  REM and 3+4 were compared to  th e  va lues  o f  normal sub­

j e c t s  g iven by W illiams e t  a l .  (1974). S ig n i f i c a n t  r e s u l t s  o f  th e  

a n a ly s i s  a re  l i s t e d  in  Table 4 ,  p . 52. The mean p e rc e n ts  + s tan d a rd  

d e v ia t io n s  o f  s ta g e  3 and s ta g e  4 o f  th e  groups a re  d isp lay e d  re s p e c ­

t i v e l y  in  F igures  3 and 4 ,  p p .54 ,55 . The p r in c ip a l  f in d in g s  were: 1) 

th e  s le e p  e f f i c i e n c y  in d ic e s  o f  th e  YG and OG were no t s i g n i f i c a n t l y  

d i f f e r e n t  from th o se  o f  th e  normal groups and 2 ) th e  p e rc e n t  o f  s ta g e  4 

o f  th e  YG was decreased  as compared to  t h a t  o f  th e  T h i r t i e s  Men.

The N2 and N3a mean va lues  o f  th e  YG and OG f o r  s le e p  o n se t  l a t e n ­

cy , la te n c y  to  th e  f i r s t  REM p e r io d ,  p e rc e n ts  o f  th e  t o t a l  s le e p  tim e 

(TST) o f  s ta g e s  3 ,  4 and REM (TST d a ta  no t  p re s e n te d ) ,  number o f  s ta g e  

3 and s ta g e  4 epochs and eye movement (EM) d e n s i ty  were compared to  th e  

v a lu es  o f  normal s u b je c t s  re p o r te d  by Feinberg e t  a l .  (1967). Table 4 ,  

p . 52, in d ic a te s  th e  r e s u l t s .  The YG, as  compared to  th e  Young Normals,



TABLE 2: MEANS AND THEIR STANDARD DEVIATIONS FOR N2 AND N3a 
SLEEP VARIABLES OF THE YOUNG GROUP

SLEEP VARIABLE N2 (n=5) 
MEAN +SD

N3a (n=5) 
MEAN +SD

Sleep Period  Time (m in .) 466.4 9 .2 472.6 2 .7

Total S leep Time (m in.) 458.0 9 .1 455.8 9 .6

Sleep E f f ic ie n c y  Index .95 . 0 2 .95 . 0 2

Sleep Onset Latency (m in.) 8 . 1 5 .4 6 . 8 3 .0

% o f  SPT Stage 0 1 . 8 1.3 3 .5 1 . 8

1 4 .1 1.9 4 .8 1.5

2 58.9 4 .3 59.2 3 .8

3 8 . 1 4 .9 6 .7 4 .2

4 . 2 .4 : 2 .5

REM 26.9 2 . 8 25.6 4 .3

3+4 8 .3 4 .9 6 .9 4 .2

Latency (m in .) :  S tage 0 113.7 49.1 82 .7 66.5

1 69.0 43.9 61.5 34.0

3 16 .8W 5.4 17.3 5 .1

REM 75.3 33.9 64.2 9 .8

Movement Density .14 .03 .19 .05

Body Movement D ensity .04 . 0 2 .03 . 0 1

Number o f  Stage S h i f t s 79.8 27.0 106.2 37.3

Number o f  SWS Periods 4 .4 1 . 1 4 .4 .9

Number o f  Sleep Cycles 4 .0 1 . 2 4 .0 .7

w ns4
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TABLE 2 (contd.)

SLEEP VARIABLE N2 (n=5) 
MEAN +SD

N3a (n=5) 
MEAN +SD

No. o f  S tage 3 Cycle 1 
Epochs (20 s e c . )

6 6 . 2 54.3 65.0 50.4

2 43.6 41.3 28.0 25.3

3 0 . 0 . 1 . 8 4 .0

4 0 . w 0 . 0 . 0 .

E n t i r e  Night 1 1 2 . 6 6 8 . 0 . 94 .8 59.8

No. o f  Stage 4 Cycle 1 2 .4 5 .4 0 . 0 .
Epochs (20 s e c . )

2 0 . 0 . 3 .0 6 .7

3 0 . 0 . 0 . 0 .

4 0 . w 0 . . 0 . w 0 .

E n t i r e  Night 2 .4 5 .4 3 .0 6 .7

No. o f  Awakenings Cycle 1 .600 1.342 .800 1.095
(-40 s e c . )

2 2 . 0 0 0 1.225 3.400 1.817

3 2 . 0 0 0 1.581 3.600 '1.140

4 1.750w .500 3.250w 2.062

E n ti re  Night 9.000 4.183 15.200 5.630

Average Duration Cycle 1 .42 .94 .53 .74
o f  an Awakening
( - 4 0 s e c . ) ( m in . ) 2 1.37 1 . 1 2 1.54 .67

3 1.08 .81 2 .37 2.03

4 2.05w .58 2 .57w 1.07

E n t i r e  Night 1.92 .80 • 2.33 .39

w n=4
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TABLE 2 (contd.)

SLEEP VARIABLE N2 (n=5) 
MEAN ±SD

N3a (n=5) 
MEAN +SD

Eye Movement Cycle 1 .622 .104 .530 .209
D ensity

2 . 6 6 6 .069 .714 .098

3 .694 .119 .738 .109

, 4 . 653v .115 . 6 6 8 w .179

E n t i r e  Night .680 .059 .702 .073

D uration  o f  a Cycle 1 74.2 33.6 65.1 13.1
SWS Period  (m in .)

2 84.1 29.5 80.0 8 . 6

3 65.8 1 2 . 1 72.7 15.9

4 5 3 .6W 8.7 4 7 .1W 7.6

Night Average 68.4 13.8 6 6 . 1 9 .6

Duration o f  a Cycle 1 18.4 10.4 17.3 7 .4
REM P e r io d . ( m in . )

2 33.6 2 0 . 2 28.7 11.3

3 38.1 1 1 . 0 31.3 28.2

4 34. l v 1 2 . 1 3 7 .8 W 12.7

• Night Average 31.5 5 .6 28.9 9 .5

D uration  o f  a Cycle 1 92.6 39.5 82 .4 8 . 1
Sleep Cycle (m in .)

2 117.7 42.2 108.7 1 1 . 1

3 103.1 19.3 104.0 40.5

4 9 0 .7V 1 1 . 6 8 4 .9W 7.7

Night Average 103.3 21.9 96.7 18.1

v n=3 w n=4
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TABLE 3: MEANS AND THEIR STANDARD DEVIATIONS FOR N2 AND N3a 
SLEEP VARIABLES OF THE OLD GROUP

SLEEP VARIABLE N2 ( 
MEAN

n=7)
+SD

N3a (n=5) 
MEAN +SD

Sleep Period Time (m in.) 456.1 11.4 456.0 16.3

Total Sleep Time (m in.) 427.1 26.4 417.4 43 .8

Sleep E f f ic ie n c y  Index .89 .05 .87 .09

Sleep  Onset Latency (m in.) 14.3 13.4 1 3 .3Z 7 .2

% o f  SPT Stage  0 6 .4 5 .0 8 .5 7 .8

1 8 .9 3 .8 7 .5 3 .4

2 61.2 7 .4 63.4 8 . 0

3 1.9 3 .2 2 .3 5 .0

4 0 . 0 . 0 . 0 .

REM 2 1 . 6 5 .0 18.3 3 .7

3+4 1.9 3 .2 2 .3 5 .0

Latency (m in .) :  S tage 0 155.7 158.9 65.1 30.0

1 53.5 37.7 40.3 32.2

3 2 4 .3V 1.9 2 1 . 5U 1 . 2

REM 6 8 . 8 19.6 6 6 . 0 9 .4

Movement Density .16 .05 .15 .06

Body Movement D ensity .04 . 0 2 .04 .03

Number o f  Stage S h i f t s 1 0 1 . 1 41.0 118.2 43.0

Number o f  SWS Periods 4 .3 1 . 0 4 .6 1 . 1

Number o f  Sleep Cycles 3 .9 .9 4 .2 . 8

u n=2 v n=3 z n=7
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TABLE 3 (contd.)

SLEEP VARIABLE N2 (n=7) 
MEAN +SD

N3a (n=5) 
MEAN +SD

No. o f  Stage 3 Cycle 1 18.9 36.0 1 2 . 6 28.2
Epochs (20 s e c . )

2 5 .6 14.7 17.0 38.0

3 2 .3 6 . 1  . 0 . 0 .

4 0 . x 0 . 0 . w 0 ,

E n t i r e  Night 26.7 44.7 29.6 6 6 . 2

No. o f  Stage 4 Cycle 1 0 . 0 . 0 . 0 .
Epochs (20 s e c . )

2 0 . 0 . 0 . 0 .

3 0 . 0 . 0 . 0 .

4 0 . X 0 . 0 . w 0 .

E n t i r e  Night 0 . 0 . 0 . 0 .

No. o f  Awakenings Cycle 1 .714 1.113 . 2 0 0 .447
(-40 s e c . )

2 2.286 2.059 2.800 .837

3 1.429 1.718 2.800 1.643

4 2 . 400x 2.302 3.500w 1.732

E n tire  Night 8.571 5.094 11.800 3.271

Average Duration Cycle 1 1.16 1.54 1 . 2 0 2 . 6 8
o f  an Awakening
(-40  s e c . ) (m in . )  2 5.21 7.94 3.00 2.24

3 3.36 3.21 9.42 16.48

4

XCOr>*•r—1 1.64 2.77w 1.49

E n t i r e  Night 6 . 1 0 3.25 6.75 5.65

w n=4 x n=5
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TABLE 3 (contd.)

SLEEP VARIABLE N2 (n=7) 
MEAN +SD

N3a (n=5) 
MEAN +SD

Eye Movement Cycle 1 .559 .159 .584 .103
Density

2 .773 .051 .712 .158

3 .670 .107 .776 .086

4 .795w .157 . 915w .044

E n ti r e  Night .707 .048 .760 .046

D uration o f  a Cycle 1 6 8 . 8 16.6 64.8 9 .8
SWS Period  (m in.)

2 85.3 29.8 84.3 21.3

3 67.4 20.3 62.1 14.7

4 4 8 .3X 1 0 . 2 5 4 .0W 13.8

Night Average 67.4 14.9 63.8 1 1 . 2

Duration o f  a Cycle 1 
REM Period  (m in.)

18.7 1 1 . 1 17.8 10.4

2 26.5 14.3 13.7 4 .7

3 23.5 1 1 . 8 20.5 10.5

4 2 1 . l w 12.3 2 3 .4W 4 .0

Night Average 24.0 8 .5 18.7 5 .3

D uration o f  a Cycle 1 87 .4 15.9 82 .6 18.5
Sleep  Cycle (m in .)

2 1 1 1 . 8 41.9 97.9 2 2 . 6

3 90.9 27.9 82 .6 21.4

4 6 9 .5W 2 0 . 0 7 7 .4W 11.3

Night Average 94.1 2 2 . 2 83 .9 13.6

W _  yl X _  rn -4  n -b
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TABLE 4: RESULTS OF COMPARISONS BETWEEN MEAN SLEEP VALUES
OF PATIENT GROUPS AND NORMAL GROUPS

SOURCE OF 
NORMAL GROUP

SLEEP VARIABLE YOUNG
N2

GROUP
N3a

OLD GROUP 
N2 N3a

2k A **
W illiams % S tage 0 Q. I

e t  a l .
(1974)

% S tage  2 a 'p ee ^  90

% S tage 3 c i  *

% S tage  4 a I  0 0 I  0 0

% S tage 3+4 a I  0 0 I  0 0 = i *

% S tage  4 b I * I  *

Feinberg % S tage 3 4, 0 0 A9
e t  a l .
(1967)

% S tage  4 J, 0 0 4, 0 0 i * a *

Epochs Stage 3 A9

Epochs Stage 4 4," 4, 0 0 I * A*

EM D ensity
^  * 'P 0 0 'P 0 0

a v s . Twenties Men b v s .  T h i r t i e s  Men c vs . F o r t ie s  Men 

* p - .0 5  ** p*.01 9  p - .005  "  p^.OOl



TABLE 4 (contd.)

SOURCE OF 
NORMAL GROUP

SLEEP VARIABLE YOUNG GROUP 
N2 N3a

OLD GROUP 
N2 N3a

Feinberg
" '7 1 9 7 4 )

Epochs S tage 3 c i

C2
|  ee

4 *

C3
|  ee 4 9

^  **
4 *

Epochs S tage 4
C 1

4 9 4 *

C2
4  * 4 * 4 ,9 4 *

EM D ensity
C 1

^  *

• C2

^  * ^  e /Jk *

C3
yjv * ^  * ^  ee

C4
^  **

-> <D
No. Awakenings

C2

* ^  ee /[k ee

C3
* ^  ee *

C4
* ^  e /jk * /]k ee

A.D.A.
C1

4 * * *

REMP Duration
C2

C3 t *

4 ,* *

p-,05
**

p* . 0 1 V .005 9 9  p^.OOl
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showed a decreased  amount and p e rc en t  o f  s ta g e  4 and an in c re a sed  EM 

d e n s i ty .  The 06, as compared to  th e  Aged Normals, had decreased  a -  

mounts and p e rc en ts  o f  both s ta g e  3 and s ta g e  4 and an in c re a sed  EM 

d e n s i ty .  The mean p e rc en ts  + s tan d a rd  d e v ia t io n s  o f  s ta g e  3 and 

s ta g e  4 and the  mean EM d e n s i ty  ± s tan d a rd  d e v ia t io n  o f  th e  groups a re  

d isp layed  r e s p e c t iv e ly  in  F igures 5 , 6  and 7 , p p .57-59.

The N2 and N3a s le e p  cy c le  mean va lues  o f  th e  YG and OG f o r  num­

ber o f  s ta g e  3 and s ta g e  4 epochs (c y c le s  1 -3 ) ,  number o f  awakenings 

(cy c les  1 -4 ) ,  average d u ra t io n  o f  an awakening (A.D.A.) (cy c le s  1 -4 ) ,  

EM d e n s i ty  (cy c les  1 -4 ) ,  slow wave s le e p  (SWS) p e rio d  d u ra t io n  (cy c les  

1-4) and REM period  d u ra t io n  (REMP D.) (cy c le s  1-4) were compared to  

th e  values o f  th e  normal s u b je c ts  g iven by Feinberg (1974). Only com­

p le te d  s le ep  cy c les  were used in  th e  a n a ly s i s .  The r e s u l t s  a re  l i s t e d  

in Table 4 ,  p . 53. The YG, as compared to  Group 4 ,  had decreased  

amounts o f  s ta g e  3 f o r  th e  t h i r d  s le e p  cy c le  (SC3 ) o f  N2 and N3a and 

s tag e  4 f o r  SC2  and SC3  o f  N2 and N3a, and an in c re a sed  EM d e n s i ty  fo r  

SCj o f  N2 and SC2  and SC3  o f  N3a, an in c re a sed  number o f  awakenings 

f o r  SC2 , SC3  and SC4  o f  N2 and N3a, an in c re a sed  REM perio d  d u ra t io n  

f o r  SC3  i f  N2 and a decreased  average  d u ra t io n  o f  an awakening f o r  SC^ 

o f  N2 and N3a. The OG, as compared to  Group 5 , showed decreased  

amounts o f  s ta g e  3 f o r  SC^ o f  N3a, SC2  o f  N2 and SC3  o f  N2 and N3a and 

s tag e  4 f o r  SC^ and SC2  o f  N2 and N3a, and an in c re a sed  EM d e n s i ty  fo r  

SC2 , SC3  and SC4  o f  N2 and N3a, an in c re a sed  number o f  awakenings f o r  

SC2  and SC3  o f  N3a and SC^ o f  N2 and N3a, and a decreased  REM period  

d u ra t io n  f o r  SC2o f  N3a. F igures 8 -1 5 ,  p p .60-67, d is p la y  th e  compar­

isons o f  th e  s le e p  c y c le  mean va lues  ± s tan d a rd  d e v ia t io n s  o f  th e  YG 

w ith  Group 4 and th e  OG w ith  Group 5 f o r  number o f  s ta g e  3 epochs and
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s tag e  4 epochs, EM d e n s i ty  and number o f  awakenings.

Awakenings during  th e  SPT were analyzed  and were found to  occur 

a lm ost e x c lu s iv e ly  during  s ta g e  2 and s ta g e  REM as compared to  s ta g e  3 

and s ta g e  4 (d a ta  no t p re s e n te d ) .  For th e  YG and OG th e  one s i g n i f i ­

c a n t  d i f f e r e n c e  between th e  mean p e rc e n ts  o f  awakenings f o r  s ta g e  2  

and s ta g e  REM f o r  Nl, N2, N3a and N3b was a h ig h e r  p e rc e n t  o f  awaken­

ings f o r  s ta g e  2 on N3b (p - .0 5 )  f o r  th e  YG.

Sleep a b n o rm a li t ie s  a s s o c ia te d  w ith  n a rco lep sy  o r  th e  s le e p  apnea 

syndrome were n o t  d isco v ered .  S u b je c ts  d id  no t e x h ib i t  any abnormal 

sequencing o f  s le e p  s ta g e s ;  s le e p  o n se t  REM p e rio d s  were no t observed 

f o r  any o f  th e  t h i r t y - s i x  s le e p  re c o rd s .  S leep  apnea ep isodes  were not 

dem onstrated f o r  any s u b je c ts  by th e  r e s p i r a t i o n  re c o rd s .

As rev ea led  by th e  comparison w ith  normal s l e e p ,  th e  s le e p  p r o f i l e  

o f  the  s u b je c t s  c o n s is te d  p r im a r i ly  o f  an in c re a s e  in  number o f  awaken­

ings and EM d e n s i ty  o f  REM s le e p  and a d ec rease  in  amount and p e rc en t  

o f  s ta g e  4 and , f o r  o ld e r  s u b j e c t s ,  in  amount and p e rc en t  o f  s ta g e  3.

FIRST NIGHT SLEEP ADAPTATION EFFECTS

The s le e p  v a r ia b le s  employed to  i n v e s t i g a t e  th e  f i r s t  n ig h t  s le e p  

a d a p ta t io n  e f f e c t s  a re  l i s t e d  in  Table 5 , p p .69-70 , and a re  accompanied 

by th e  t e s t i n g  r e s u l t s .  No s i g n i f i c a n t  d i f f e r e n c e s  between th e  mean 

va lues  o f  any s le e p  v a r i a b le  f o r  N1-N2 o r  Nl-N3a comparisons were found.

NEUROPSYCHOLOGICAL DATA

The d i s t r i b u t i o n  o f  th e  D epression In d ice s  o f  th e  s u b je c t s  was 

bimodal as i s  shown in  Figure 16, p . 71. Because o f  th e  b im o d a l i ty ,  th e  

s u b je c t  group was d iv id ed  in to  subgroups o f  low and high D epression In -
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TABLE 5: RESULTS OF TESTING FOR FIRST NIGHT SLEEP ADAPTATION EFFECTS

SLEEP VARIABLE N1-N2
(d f = l l )

T-VALUE
Nl-N3a
(df=9)

Total S leep Time -1 .052 -  .893

Sleep E f f ic ie n c y  Index -1 .048 -  .814

Sleep Onset Latency .512 1.302s

% o f  SPT: S tage  0 1.198 .708

1 -  .236 .049

2 -  .137 -  .397
\

3 -1 .178 -  .385

REM -1 .248 -  .622

3+4 -  .184 -  .094

Minutes: S tage  0 1.184 .738

1 -  .251 -  .019

2 -  . 1 2 1 - .466

3 -1 .145 -  .393

REM -1.208 -  .719

3+4 .170 .109

L atency : S tage  0 -1 .537 -  . 6 8 6

1 -1 .812 -  .332

3 .822r .838r

REM .849 1.743

° t ( l l , . 0 5 ) ~  i  2 , 2 0 1  t ( 9 , .0 5 ) = 1 2 , 2 6 2  

r  d f = 6  s d f = l l

t ( 6 , . 0 5 ) = * 2 , 4 4 7
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TABLE 5 (contd.)

T-VALUE0
SLEEP VARIABLE N1-N2 Nl-N3a

( d f = l l ) (df=9)

Movement Density .602 - .701

Body Movement Density -1 .281 -1.032

Number o f  Stage S h i f t s .328 - .521

Number o f  Awakenings (-20 s e c . ) .918 - .619

Ave. Dur. o f  an Awakening (-20 s e c . ) .446 -  .197

Eye Movement Density -  .603 -1.333

Ave. Duration o f  a SWS Period -1.549 -  .617

Ave. Duration o f  a REM Period -1 .534  . -  .535

Ave. Duration o f  a Sleep Cycle -1.934 -  .475

Number o f  SWS Per iods .770 0 .

Number o f  Sleep Cycles .600 0 .

Pre -S leep  Index .838 1.451

P o s t -S leep  Index -1.258 -1.534

° t ( l l , . 0 5 ) = ± 2 , 2 0 1  t ( 9 , . 0 5 ) =: ± 2 , 2 6 2

s d f = l l
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d ic e s .  The means and s ta n d a rd  d e v ia t i o n s  f o r  th e  Depression Ind ices  of  

th e  groups used in th e  d ep ress ion  a n a l y s i s  a r e  l i s t e d  in Table 6 , p . 73. 

The r e s u l t s  o f  th e  d ep ress ion  a n a l y s i s  comparing th e  mean Depression 

Ind ices  between s u b j e c t  groups and Zung groups a re  as fo l lo w s .  The 

mean index o f  the  All S ub jec ts  Group was s i g n i f i c a n t l y  h ig h e r  than t h a t  

o f  th e  Normals (p - .O O l) ,  lower than t h a t  o f  the  Depress ives  (p-.OOl) 

and not  d i f f e r e n t  from t h a t  o f  th e  Others .  The mean index o f  th e  Low 

Depression Index S u b jec ts  Group was s i g n i f i c a n t l y  h ig h e r  than  t h a t  o f  

th e  Normals (p - .O l)  and lower than t h a t  o f  th e  Depress ives  (p - .O O l) ,  

Others (p-.OOl) and High Depression Index Su b jec ts  Group ( p - .001) .  The 

mean index o f  the  High Depression Index Sub jec ts  Group was s i g n i f i c a n t ­

ly  h igher  than t h a t  o f  the  Normals (p—.0 0 1 ) ,  lower than  t h a t  o f  the  

Depressives (p-.OOl) and not  d i f f e r e n t  from t h a t  o f  th e  Others .

The c o r r e c t  and e r r o r  sco res  f o r  th e  Benton Revised Visual Reten­

t i o n  Tes t  o f  the  s u b j e c t s  a re  l i s t e d  in Table  9, p . 76. Three s u b je c t s  

(#5 ,8 ,10)  showed a " s t ro n g  i n d ic a t i o n "  o f ,  one (#12) showed a "sugges­

t io n "  o f  and one (#4) had th e  "ques t ion  r a i s e d "  o f  acq u i red  impairment 

o f  c o g n i t iv e  f u n c t io n in g  as in d ic a t e d  by both t h e i r  c o r r e c t  and e r r o r  

s c o re s .  Three o th e r  s u b je c t s  had th e  "qu es t io n  r a i s e d "  o f  acqu ired  

impairment based f o r  two (#3 ,6)  on t h e i r  c o r r e c t  sco res  and f o r  one 

(#11) on h is  e r r o r  s c o re .  A t o t a l  o f  e i g h t  out  o f  th e  twelve s u b j e c t s ,  

s ix ty - se v e n  p e rc e n t ,  showed some i n d i c a t i o n  o f  acqu ired  impairment o f  

c o g n i t iv e  fu n c t io n in g .

The mean A ssoc ia te  Learning T es t  sco res  o f  th e  YG and 0G were 

compared to  the  Twenties Group and F o r t i e s  Group, r e s p e c t i v e l y  (Table  

7 , p . 73). For both comparisons no s i g n i f i c a n t  d i f f e r e n c e  between th e  

means were found.
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TABLE 6 : MEANS AND THEIR STANDARD DEVIATIONS FOR DEPRESSION INDICESOF SUBJECT GROUPS AND ZUNG GROUPS

GROUP TOTAL
NUMBER

DEPRESSION
MEAN

INDEX
+SD

All Su b jec ts 1
1 2 .51 . 1 1

Low Depression 
Index Su b je c t s

1 5 .39 .03

High Depression 
Index Su b jec ts

1 7 .59 .05

Normals 2
1 0 0 .33 .05

Depressives 2 31 .74 .08

Others 2 25 .53 .08

* Sub jec ts  o f  p re s e n t  s tudy 

2  Zung, 1965

TABLE 7: MEANS AND THEIR STANDARD DEVIATIONS FOR ASSOCIATE LEARNING 
TEST SCORES OF SUBJECT GROUPS AND WECHSLER AND STONE GROUPS

GROUP TOTAL
NUMBER

ASSOC. LEARN 
MEAN

. SCORE 
+SD

Young 1 5 15.30 4.19

Old 1 7 13.00 3.95

Twenties 2 50 15.72 2.81

F o r t i e s 2 46 13.91 3.12

* S u b je c t s  o f  p re s e n t  s tudy 
2

Wechsler and S tone ,  1974



CORRELATION DATA

Tables 8  and 9 ,  p p .7 5 ,7 6 ,  p re s e n t  t h e  s u b j e c t s '  ag e ,  f a t  and serum 

l e v e l s  o f  PBBs, Sleep Index,  Depression Index and Memory T es t  s c o r e s .  

The f a t  HBBg ( '7 6 )  and serum HBBg ( '7 6 )  l e v e l s  a r e  from t h e  November, 

1976 Michigan PBB Health  Survey ( S e l i k o f f  e t  a l . ,  1976),  whi le  th e  

serum HBBg ( ' 7 9 ) ,  serum 2 , 3 , 4 , 2 ' , 4 ' ,5 '-hexabromobiphenyl  (E) and serum 

2 , 4 , 5 , 3 ' , 4 ' , 5 '-hexabromobiphenyl (F) l e v e l s  a re  from th e  p r e s e n t  s tudy .  

The serum HBBg ( '7 9 )  l e v e l s  o f  the  s u b j e c t s  ranged from 0 .4  t o  32.4  

p a r t s - p e r - b i l l i o n  (ppb) w ith  a mean ± s ta n d a rd  d e v ia t i o n  o f  6 .2  ± 8 .7  

ppb and a median o f  4 .3  ppb.

The serum HBBg ( '7 9 )  l e v e l s ,  f a t  HBBg ( ' 7 6 )  l e v e l s ,  a g e s ,  Sleep 

In d ice s  and Depression Ind ice s  were t e s t e d  f o r  c o r r e l a t i o n  with  th e  

l e v e l s  o f  a l l  PBBs, a l l  s l e e p  v a r i a b l e s  (d a ta  n o t  p r e s e n t e d ) ,  a g es ,  

Sleep I n d i c e s ,  Depression I n d i c e s ,  Memory T es t  s c o r e s ,  and Pre -S leep  

and P o s t -S leep  In d ice s  (d a ta  no t  p r e s e n t e d ) .  The l e v e l s  o f  serum HBBg 

( ' 7 6 ) ,  serum E and serum F were t e s t e d  f o r  c o r r e l a t i o n  w ith  th e  v a r i a ­

b le s  l i s t e d  above w ith  th e  excep t ion  o f  some o f  th e  s l e e p  v a r i a b l e s .

The P re -S leep  and P o s t -S leep  Ind ices  were t e s t e d  f o r  c o r r e l a t i o n  with  

a l l  s l e e p  v a r i a b l e s  us ing  N l-Nl ,  N2-N2 and N3-N3a and N3b c o r r e l a t i o n  

t e s t s .  The Memory T es t  sc o res  were t e s t e d  f o r  c o r r e l a t i o n  w ith  th e  

amount and p e rc e n t  o f  s t a g e  0  and th e  number o f  awakenings.

Table 10, p p .77-78,  l i s t s  t h e  c o r r e l a t i o n s  between th e  l e v e l s  o f  

PBBs and th e  s l e e p  s tudy  v a r i a b l e s .  The l e v e l s  o f  f a t  HBBg ( ' 7 6 ) ,  

serum HBBg ( ' 7 6 ) ,  serum HBBg ( ' 7 9 ) ,  serum E and serum F were a l l  i n t e r ­

c o r r e l a t e d  (p- .OOl) .  The c o r r e l a t i o n s  f o r  serum HBBg ( '7 9 )  w i l l  be 

r e p o r t e d  in  th e  t e x t  b u t  f o r  th e  c o r r e l a t i o n s  f o r  t h e  o t h e r  PBBs see  

Table 10.
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TABLE 8 : AGES, PBB LEVELS, AND SLEEP AND DEPRESSION INDICESOF THE SUBJECTS

SUBJECT
NUMBER

AGE
(yea rs )

1976 LEVEL1  
FAT SERUM 
HBB§ HBBc 

(ppm) (ppb)

1979 LEVEL 
SERUM 

HBBg E2  F3  
(ppb) (ppb) (ppb)

SLEEP
INDEX

DEPRESS.
INDEX

1 23.1 2.25 17.7 8 .4 1.4 .7 .81 .56

2 28.1 tnp 1 . 0 1 . 1 .4
*

. 1 .70 .39

3 29.3 tnp 1 . 1 .4 0 . 0 . .81 .61

4 33.8 1.63 5 .1 5 .3 1.3 . 8 .81 .63

5 35.4 tnp 13.3 5.7 1.3 1 . 1 .74 .39

6 44.6 tnp 4 .2 3.3 .4 .5 .78 .35

7 45.3 .69 2 .9 2 .9 .5 .3 .78 .5$

8 46.8 .33 2 .5 1.4 .7 .4 .78 .61

9 49.6 2 .54 7 .8 6 .3 .7 . 6 .74 .39

1 0 53.1 1.60 6 . 8 6 . 8 1.7 .4 .85 .54

1 1 54.6 . 1 1 . 6 .7 0 . 0 . .89 . 6 6

1 2 57.5 8 .44 28.8 32.4 4 .5 1 . 6 .85 .43

I S e l i k o f f  e t  a l . ,  1976 
% E = 2 , 3 , 4 , 2 ' , 4 ‘ , 5 ' -Hexabromobiphenyl 

F = 2 , 4 , 5 , 3 ‘ , 4 , , 5 , -Hexabromobiphenyl

tnp  * t e s t  not  performed
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TABLE 9: MATTIS SENTENCE, BENTON, ASSOCIATE LEARNING AND 
MATTIS-KOVNER VALUES OF THE SUBJECTS

SUBJECT
NUMBER

MATTIS
SENT.

SCORE

BENTON 
CORRECT ERROR 
SCORE SCORE

ASSOC.
LEARN.
SCORE

MATTIS-KOVNER d 
TRIAL 

ONE TWO THREE

1

FOUR

1 3 .0 9 1 20.5 2.486 1.348 1.226 1.161

2 4 .0 8 5 18.5 3.241 1.877 1.682 1.710

3 4 .0 5 4 13.5 2.317 2.345 2.801 2.634

4 2 . 0 6 6 1 0 . 0 1.805 1.421 .911 1.048

5 2 .5 3 9 14.0 3.605 1.028 .128 .250

6 3 .5 5 6 2 0 . 0 2.996 1.710 1.365 2.169

7 4 .0 6 6 14.0 2.484 2.085 1.281 1.710

8 0 . 0 17 1 2 . 0 2.562 2.317 1.877 2 . 1 2 2

9 0 . 6 6 11.5 2.486 1.710 .260 2.085

1 0 2 .5 2 1 0 1 0 . 0 1.198 1.560 1.710 1.048

1 1 4 .0 5 8 15.5 2.562 2.681 2.317 2 . 1 2 2

1 2 3.5 3 9 8 . 0 1.515 1.198 2.030 .909



TABLE 10: CORRELATION COEFFICIENTS FOR PBB LEVELS AND 
SLEEP STUDY VARIABLES OF THE SUBJECTS

SLEEP
STUDY

VARIABLE

1976 LEVEL . 
FATa SERUM13 
HBBg HBBg

1979 LEVEL 
SERUM13 

HBBg E F

Serum HBBg ( '7 6 ) .93O0 0 — — •a m —

Serum HBBg ( '7 9 ) .99200 . 9 1 5 " — —

Serum E . 95O0 0 . 9 0 4 " . 9 6 7 " — —

Serum F . 9370 0 . 8 8 1 " . 8 2 8 " . 8 7 0 " —

SPT Nl - .806* - .625* - .715** -.736** - . 7 9 70

N3b -.898** - . 8 2 6 " - .778** - .765* - . 9 0 9 "

TST N2 - .769* - .494 - .704* - .656* - .5 4 7

N3a - .851* - .682* - . 8 8 0 " - .8 4 3 9 - .679*

N3b - .9 6 5 00 - . 9 2 1 " - . 9 2 5 " - . 9 3 9 " - . 9 5 8 "

SEI N2 - .754* - .489 - .698* - .651* - .55 3

N3a - .853* - .679* - . 8 7 6 " - .8 4 2 0 - .683*

N3b - . 9 6 2 " - . 9 2 1 " - . 9 2 6 " - . 9 4 2 " - . 9 5 6 "

% Stage 0 Nl .424 .422 .330 .461 .687*

• N2 .755* .610* .7750 .758e .618*

N3a .9310 .732* . 9 3 3 " . 8 9 5 " .717*

N3b .799* .618 .778** .816s .496

Min. Stage 0 Nl .378 .401 .306 .440 .667*

N2 .724* .607* .769e .756® .616*

N3a .9280 .726* . 9 2 8 " . 8 9 2 " .715*

Min. Stage 2 N3b - .697 - .770** - .635* - .613 - . 8089

* p£ .05 
a For Nl, 
b For Nl,

** p* . 0 1  
N2 and non-s leep  
N2 and non-s leep

0  p - .005  "  p-.OOl 
d a ta :  df=6 ; f o r  N3a and N3b: 
d a ta :  df=10; f o r  N3a and N3b:

df=5
d f = 8
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TABLE 10 (contd.)

SLEEP
STUDY

VARIABLE

1976
FATa
hbb6

LEVEL . 
SERUMb 

HBBg HBBg

1979 LEVEL 
SERUMb 

E F

#Awak.(-20sec.)N36— -.7 6 6 * - .8 1 3 9 -.793** - .742* - .5 6 4

(-40sec.)N3b - .73 6 - .749* - .738* - .702* - .499

(-1  min.)N3b - .732 - .8 0 6 e - .737* - .709* - .54 9

A.D.A.(-20sec.)N3a .9049 .744* .9330 0 .8589 .673*

N3b .9180 .766** . 8 9 7 " .8379 .544

(-40sec.)N3a .9340 .728* . 9 2 6 " .8550 .658*

N3b .882** .693* .8519 .8169 .481

(-1 min.)N3a .9389 .744* . 9 3 4 " .8639 • .669*

N3b .894** .754* . 8 6 6 9 .8249 .507

• #Sleep Cycles N3a - .7 4 5 - . 8 4 I 9 - .721* - .738* - .709*

N3b - .825* - .8 6 0 9 - .8 1 5 0 -.87O0 -.783**

#SWS Periods  Nl - .570 - .651* - .57 3 - .655* - .672*

N3a - .651 - .755* - .703* - .712* - .557

N3b - .741 - .8 1 8 9 - .752* - .8 2 0 9 -.703**

EM Density  N2 .814* .422 .471 .480 .283 •

Dur. REMP Cx Nl .774* .434 .630* .619* .500

P r e - S i . Index N2 .640* .459 .634* .673* .328

P o s t - S l . Index N3b -.151 .456 .556 .689* .669*

M.-K. d '  T r ia l  2 - .687 -.735** - .577* - .669* - . 8 3 2 "

T r ia l  4 - .572 - .637* - .4 8 6 - .639* - .747**

* p - .05  ** p - .O l  9  p - .005  9 0  p-.OOl ■
* For Nl,  N2 and non-s leep  d a t a :  df=6 ; f o r  N3a and N3b: df=5 
b For Nl, N2 and non-s leep  d a ta :  df=10; f o r  N3a and N3b: d f = 8
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The leve l  o f  serum HBBg ( '7 9 )  c o r r e l a t e d  p o s i t i v e l y  with  amount 

(N2, N3a) and p e rc e n t  o f  (N2,N3a,N3b) s t a g e  0 ,  average  d u r a t i o n  o f  an 

awakening (ADA) (N3a,N3b), d u ra t io n  o f  th e  f i r s t  REM p e r iod  (Nl) and 

P re -S leep  Index (N2); t h e  lev e l  c o r r e l a t e d  n e g a t iv e ly  with  s le e p  per iod  

t ime (Nl,N3b), t o t a l  s l e e p  t ime (TST) (N2,N3a,N3b), s l e e p  e f f i c i e n c y  

index (SEI) (N2,N3a,N3b), amount o f  s ta g e  2 (N3b), number o f  awakenings 

(N3b), number o f  SWS p e r io d s  (N3a,N3b), number o f  s l e e p  c y c le s  (N3a, 

N3b) and d'  f o r  th e  second t r i a l  o f  th e  Mattis-Kovner Memory Recogni­

t i o n  T e s t .  Summarizing the  major  c o r r e l a t i o n s ,  we found t h a t  th e  leve l  

o f  PBB c o r r e l a t e d  p o s i t i v e l y  w ith  s ta g e  0 and ADA and n e g a t iv e ly  with  

TST, SEI, number o f  SWS p e r iod s  and s le e p  c y c les  and performance o f  

th e  Matt is-Kovner Memory T es t .  F igures  17-22,  p p .80-85,  d i s p l a y  r e ­

s p e c t i v e l y  th e  TST, SEI, p e rc e n t  o f  s ta g e  0,  ADA, number o f  s le e p

c y c le s  and Matt is-Kovner  d'  f o r  t r i a l  2 as  a fu n c t io n  o f  th e  serum

HBBg ( '7 9 )  l e v e l .

In a d d i t i o n  to  t h e  c o r r e l a t i o n s  l i s t e d  in  Table 10, th e  f a t  HBBg 

( '7 6 )  l ev e l  was a l s o  n e g a t iv e ly  c o r r e l a t e d  with  l a t e n c y  to  s ta g e  3 f o r  

N3a (df=2, r= - . 9 7 7 ,  p - .0 5 )  and l a t e n c y  t o  s ta g e  4 f o r  Nl ( d f = l ,  

r= - . 9 9 9 ,  p - . 0 5 ) .  Both o f  th e s e  c o r r e l a t i o n s  had low "n" va lues  be­

cause  o f  th e  low "n" va lue  f o r  f a t  HBBg ( '7 6 )  leve l  (max.: n=8 ) and 

th e  absence o f  l a t e n c y  measures f o r  s u b j e c t s  whose s le e p  was w i tho u t  

s t a g e  3 o r  s t a g e  4. The number o f  s u b j e c t s  showing s ta g e  3 and s tag e  

4 were r e s p e c t i v e l y  8  and 4 on Nl, 7 and 1 on N2, and 6  and 1 on N3a.

To f u r t h e r  ana lyze  p o s s ib l e  c o r r e l a t i o n s  with  s t a g e  4 ,  t h e  l e v e l s  

o f  t h e  PBBs were t e s t e d  f o r  c o r r e l a t i o n  w i th  th e  amount and p e rc e n t  o f

s t a g e  4 o f  s u b j e c t s  who showed s t a g e  4. The f a t  HBBg ( ’76) l e v e l  c o r ­

r e l a t e d  p o s i t i v e l y  w i th  amount ( d f = l ,  r= 1 .000 ,  p-.OOl) and p e rc e n t  o f
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( d f = l ,  r= .999, p - .O l )  s ta g e  4 f o r  Nl.

A f u r t h e r  a n a l y s i s  o f  th e  c o r r e l a t i o n  between th e  Mattis.-Kovner d '  

and the  serum HBBg ( ’79) l e v e l  was made by exc lud ing  th e  d '  va lue  o f  the  

p a t i e n t  (#12) with a r e l a t i v e l y  high serum HBBg ( '79)  l e v e l  (32 .4  ppb) ,  

as compared to  t h e 'o t f i e r  s u b j e c t s .  The serum HBBg ( ' 79)  l e v e l  ( n = l l )  

was then n e g a t iv e ly  c o r r e l a t e d  w i th  Matt is-Kovner  d '  f o r  t r i a l  2 

(r= - . 8 2 3 ,  p - . 005 ) ,  t r i a l  3 (r= - . 6 8 5 ,  p- .05 )  and t r i a l  4 (r= - . 6 7 1 ,  

P- .05) .

The c o r r e l a t i o n s  f o r  age a r e  p re sen te d  in Table 11, p . 87. Age
\

c o r r e l a t e d  p o s i t i v e l y  w ith  amount and p e rc e n t  o f  s ta g e  0 (N2), pe rcen t '  

o f  s tage  2 (N3b), number o f  awakenings (N2), ADA (N2), EM d e n s i ty  f o r  

SCg (N2), Pre -S leep  Index (Nl) and e r r o r  sco re  o f  t h e  Benton Revised 

Visual Retent ion  T es t .  Age was n e g a t iv e ly  c o r r e l a t e d  with  TST (N2,

N3a), SEI (N2,N3a), amount and p e rc e n t  o f  s t a g e  3 (Nl,N2,N3a,N3b), 

s t a g e  4 (N l) ,  s t a g e  REM (N2,N3a,N3b) and s t a g e  3+4 (Nl,N2,N3a,N3b) and 

d u ra t io n  o f  th e  REM per iod  f o r  SCg (N3a), average  d u r a t i o n  o f  th e  REM 

period  (N3b) and c o r r e c t  score  o f  th e  Benton T e s t .  Summarizing the  

major c o r r e l a t i o n s ,  we found t h a t  age c o r r e l a t e d  p o s i t i v e l y  w ith  s ta g e  

0, number o f  awakenings, ADA and Benton e r r o r  score  and n e g a t iv e ly  with 

TST, SEI, s t a g es  3, 4 ,  REM and 3+4 and Benton c o r r e c t  s c o re .

Table 12, p . 8 8 , r e p o r t s  t h e  c o r r e l a t i o n s  f o r  th e  S le ep ,  Depress ion ,  

P re -S leep  and Pos t -S leep  In d i c e s .  The Sleep Index c o r r e l a t e d  p o s i t i v e l y  

with d u ra t io n  o f  th e  SWS period  f o r  SCg (Nl) and Depression Index and 

n e g a t iv e ly  with  amount (N2,N3a,N3b) and p e rc e n t  (N3a,N3b) o f  s t a g e  REM, 

l a t e n c y  to  s ta g e  3 (N l ) ,  movement d e n s i ty  (N3a,N3b), number o f  s l e e p  

c y c les  (N2) and Mattis-Kovner d ‘ f o r  t r i a l  1.

The Depression Index c o r r e l a t e d  w ith  d u r a t i o n  o f  th e  SWS period
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TABLE 11: CORRELATION COEFFICIENTS FOR AGE AND SLEEP STUDY VARIABLES
OF THE SUBJECTS3

SLEEP STUDY 
VARIABLE

AGE

TST N2 - .655*

N3a - .661*

SEI N2 - .669*

N3a - .677*

% Stage 0 N2 .578*

Min. Stage  0 N2 .577*

% Stage 2 N3b .636*

% Stage 3 Nl - .652*

N2 - .615*

N3a - .641*

N3b - .649*

Min. Stage  3 Nl - .652*

N2 - .616*

N3a - .6 6 5*

N3b - .665*

% S tage  4 Nl - .610*

Min. Stage  4 Nl - .610*

% Stage REM N2 -.667*

N3a - .8 3 4 e

N3b -.766**

SLEEP STUDY 
VARIABLE

AGE

Min. Stage REM N2 - .693*

N3a - .8 3 5 0

N3b -.785**

% Stage 3+4 Nl - .711**

N2 - .6 16 *

N3a - .647*

N3b - .652*

Min. Stage 3+4 Nl - .711*

N2 - .617*

N3a - .671*

N3b - .671*

#Awak.(-5 min .)  N2 .626*

A .D .A .( -20sec . )  N2 .592*

EM Density  Z% N2 .583*

Dur.REMP C2  N3a - .801**

Dur.REMP Ave. N3b - .682*

P re -S i .  Index Nl .605*

Benton Correc t  score - .6 3 4*

E rro r  Score .579*

* p - .0 5  ** p*.01 0  p - .005 0 0  p*.001

a For Nl,  N2 and non-s leep  d a t a :  df=10; f o r  N3a and N3b: d f = 8



TABLE 12: CORRELATION COEFFICIENTS FOR SLEEP, DEPRESSION, PRE-SLEEP
AND POST-SLEEP INDICES AND SLEEP STUDY VARIABLES OF THE SUBJECTS9

SLEEP STUDY 
VARIABLE

SLEEP
INDEX

DEPRESSION
INDEX

PRE-SLEEP
INDEX

POST-SLEEP
INDEX

TST N3b - .142 .403 .322 - .656*

SEI N3b - .149 .394 .315 - .655*

% Stage REM N2 -.572 - .387 - .622* - .041

N3a - .693* - .355 .023 - .402

N3b - .8 3 7 9 - .492 .061 - .300

Min. Stage REM N2 -.598* - .36 6 - .587* - .033

N3a - .672* - .338 .007 - .415

N3b -.718* - .257 .189 - .463

Latency Stage 3 Nl c -.870® -.921® -.361 .328

Movement Dens. N3a - .680* - .536 - .4 1 3 - .218

N3b - .689* - .451 - .33 1 . - .2 7 4

#Sleep Cycles N2 - .657* - .344 - .1 03 - .234

Dur. SWSP Cz Nl .715** , .808® .557 - .028

Ave. N3a .490 .067 - .6 4 1* .079

Ave. N3b .497 . 0 0 2 - .681* .195

Dur. REMP Cj N3a - .248 - .654* - .2 2 4 .494

Dur.SI.C. Ave. N3b .135 - . 2 0 2 - .637* .105

M.-K. d '  T r ia l 1 - .674* - .413

Depression Index .616* - -

* p - .0 5  ** p^.Ol 0  p - .005

9  For Nl, N2 and non-s leep  d a ta :  df=10; f o r  N3a and N3b: d f = 8  

c d f - 6
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f o r  SCg (Nl) and Sleep Index and n e g a t iv e ly  with  la te n c y  to  s tage  3 (Nl) 

and d u ra t io n  o f  th e  REM per io d  f o r  SC^ (N3a).

The P re -S leep  Index was n e g a t iv e ly  c o r r e l a t e d  with  amount and p e r ­

cen t  o f  s t a g e  REM (N2), average  d u ra t io n  o f  th e  SWS period  (N3a,N3b) 

and average d u ra t io n  o f  th e  s le e p  cyc le  (N3b). The Pos t -S leep  Index 

was n e g a t iv e ly  c o r r e l a t e d  w i th  TST (N3b) and SEI (N3b).

Table 13, p . 90, l i s t s  t h e  c o r r e l a t i o n s  f o r  A ssoc ia te  Learning 

s c o re ,  Mattis-Kovner d ‘ va lue  and s l e e p  s tudy  v a r i a b l e s .  The Assoc­

i a t e  Learning sco re  c o r r e l a t e d  n e g a t iv e ly  w ith  amount and p e rcen t  o f  

s tage  0 (N3a). The Matt is-Kovner  d 1 va lues  o f  t r i a l  1 (N3b) and t r i a l s  

2, 3 and 4 (Nl) were n e g a t iv e l y  c o r r e l a t e d  with  amount and p e rc en t  o f  

s tage  0, and th e  d '  va lue  o f  t r i a l  4 c o r r e l a t e d  n e g a t iv e ly  with number 

o f  awakenings (Nl) .



TABLE 13: CORRELATION COEFFICIENTS FOR ASSOCIATE LEARNING SCORE, 
MATTIS-KOVNER d* VALUE AND SLEEP STUDY VARIABLES OF THE SUBJECTS®

SLEEP
STUDY

VARIABLE

ASSOCIATE
LEARNING

SCORE ONE

MATTIS-KOVNER d '  
TRIAL 

TWO THREE FOUR

% Stage 0 Nl - .488 - .081 -.733** - .648* - .8 6 7 00

N3a - .697* - .556 - .375 .148 - .295

N3b' - .4 0 4 -.769** - .439 .167 - .389

Min. Stage 0 Nl - .48 6 - .084 - .726** - .663* -.8O50

N3a - .7 1 8* - .567 - .381 .140 - .298

N3b - .24 9 -.775** - .230 .182 - .287

#Awak.(-20sec.)Nl .016 .053 - .512 - .275 - .689*

* p- .05  ** p - .O l  0  p - .005 0 0  p^.OOl

a For Nl, N2: df=10;  f o r  N3a and N3b: d f = 8
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DISCUSSION

In t h i s  d i s c u s s io n  th e  s u b j e c t s '  complain t  o f  hypersomnia w i l l  be 

analyzed using  in fo rm at ion  from th e  Sleep  and P o s t -S leep  Q u e s t io n n a i re s .  

The s le e p  changes observed in  our s u b je c t s  w i l l  be c l a s s i f i e d  as t o  the  

type  o f  d i s o r d e r ,  and an hypo thes is  w i l l  be s t a t e d  to  e x p la in  th e  appar­

e n t  d isc repency  between th e  s u b j e c t i v e  r e p o r t s  and th e  o b j e c t i v e  f i n d ­

in g s .  The s le e p  changes o f  th e  s u b j e c t s  w i l l  be compared t o  known p a th ­

o lo g ic a l  s le ep  syndromes^.with c o r r e l a t i o n  da ta  p ro v id in g  a d d i t i o n a l  

d e l i n e a t io n  o f  s i m i l a r i t i e s .  F u r th e r  a n a l y s i s  o f  c o r r e l a t i o n  and neuro­

psychological  d a ta  w i l l  be made in  r e l a t i o n  t o  th e  s le ep  d a ta  and th e  

s t a t u s  o f  c e n t r a l  nervous system fu n c t io n in g .  F i n a l l y ,  we w i l l  c o n s id ­

e r  the  e f f e c t  o f  exposure  t o  PBB with  rega rd  t o  th e  r e s u l t s  o f  t h i s  

i n v e s t i g a t i o n  and then  d i s c u s s  management o f  th e  s l e e p  d i s o r d e r .

I t  w i l l  be r e c a l l e d  t h a t  our  s u b j e c t s  were s e l e c t e d  f o r  p a r t i c i ­

p a t ion  in t h i s  s tudy  on th e  b a s i s  o f  having a complain t  o f  hypersomnia.

In o rd e r  to  determine th e  s u b j e c t i v e  f a c t o r s  which may be r e s p o n s ib le  

f o r  the  com pla in t ,  i t  w i l l  be o f  help  t o  ana lyze  th e  in fo rm at ion  p re -  

vided by th e  s u b je c t s  in t h e  Sleep and Pos t -S leep  Q u e s t io n n a i re s .

The d a ta  from th e  Sleep Q ues t io n na i re s  i n d i c a t e  t h a t  a t  home most 

s u b je c t s  r e g u l a r l y  s l e p t  f o r  more than e i g h t  hours p e r  n i g h t  wi th  one- 

t h i r d  o f  them spending as much as t en  to  twelve hours a s l e e p .  In a d d i ­

t i o n  to  t h e i r  n ig h t t im e  s l e e p ,  most s u b je c t s  r e p o r te d  a d d i t i o n a l  daytime 

naps. F a l l in g  a s l e e p  a t  n ig h t  was no t  a problem, and,  t o  t h e i r  know­

ledge ,  awakenings dur ing  th e  n ig h t  occurred  r a r e l y  or  only o c c a s s io n a l ly .  

Upon awakening in th e  morning most s u b j e c t s  f e l t  t i r e d  w ith  o n e - h a l f  

a l s o  r e p o r t i n g  mental d u l ln e s s .  Thus, an absence o f  f r e q u e n t  d i s t u r ­



bances by awakenings a t  n ig h t  and th e  presence  o f  an in c re a s e  in  s le e p  

t ime combined with  t i r e d n e s s  even a f t e r  a n i g h t ' s  s l e e p  were c l e a r l y  

in co rp o ra ted  i n to  t h e i r  r e p o r t s  o f  ex ce ss iv e  s l e e p .

The da ta  d e r iv ed  from Pos t -S leep  Q ues t ionna i res  i n d i c a t e  t h a t  in  

th e  l a b o r a to r y  most s u b j e c t s  f e l l  a s l e e p  with r e l a t i v e  ease .  Because 

o f  th e  d i f f e r e n t  s le e p  t imes and c o n d i t io n s  o f  th e  t h r e e  s tudy n i g h t s ,  

i t  i s  no t  c l e a r  whether  the  number o f  awakenings was h igher  o r  lower 

than they  t y p i c a l l y  exper ienced  a t  home. A c e r t a i n  degree o f  n i g h t - t o -  

n ig h t  and s u b j e c t - t o - s u b j e c t  v a r i a b i l i t y  f o r  r e p o r t s  o f  th e  depth o f  

s le ep  a t  n ig h t  and s t a t e  o f  mind and body upon awakening made a n a l y s i s  

o f  t h i s  d a ta  d i f f i c u l t .  However, on th e  average ,  s u b j e c t s  r e p o r te d  

medium depth o f  s l e e p  (between l i g h t  and de ep ) ,  medium mind (between 

a l e r t  and d u l l )  and average  to  t i r e d  body. These Pos t -S leep  f in d in g s  

can be sa id  to  be r e l a t i v e l y  s i m i l a r  t o  those  o f  th e  p re - s tu d y  Sleep 

Q ues t ionna i res  and c e r t a i n l y  do not  a l t e r  in  any s i g n i f i c a n t  way the  

s u b je c t iv e  s le e p  p r o f i l e  o f  th e  s u b j e c t s .  T h e re fo re ,  from the  sub­

j e c t i v e  r e p o r t s  provided in th e  q u e s t io n n a i r e s  i t  appears t h a t  th e  

s u b je c t s  b e l i e v e  they  exper ience  a s le e p  problem which might be symp­

to m a t i c a l l y  c l a s s i f i e d  as hypersomnia. The o b j e c t i v e  v a l i d a t i o n  o f  

th e  complaint  by q u a n t i t a t i v e  a n a l y s i s  o f  v a r io u s  s le e p  parameters  was 

one o f  th e  p r in c ip a l  purposes o f  th e  p r e s e n t  i n v e s t i g a t i o n .

The r e s u l t s  o f  t h i s  q u a n t i t a t i v e ,  p h y s io lo g ica l  s tudy  i n d i c a t e  t h a t  

th e  s le e p  o f  th e  s u b j e c t s  i s  c h a r a c t e r i z e d  by an in c re a s e  in number o f  

awakenings and in eye movement d e n s i ty  o f  REM s le e p  and a d e c rea se  in 

s t a g e  4 s l e e p .  In a d d i t i o n ,  o l d e r  s u b j e c t s  show a decrease  in  s t a g e  3 

s l e e p .  These observed changes in s le e p  p a t t e r n s  a re  not  t y p i c a l  o f  any 

s p e c i f i c  s l e e p  d i s o r d e r ,  but  can be seen in  vary ing  c ircum stances  in  a



number o f  p a th o lo g ica l  s l e e p  syndromes. For example, an i n c re a s e  in 

number o f  awakenings i s  found in n a rco lep sy  (Hishikawa e t  a l . ,  1976), 

while  decreases  in s t a g e  4 a n d /o r  s t a g e  3 a r e  observed in  the  n e u t r a l - 

s t a t e  syndrome (G u i l le m in a u l t  e t  a l . ,  1975), hypothyroidism (Kales e t  

a l . ,  1967a) and th e  f i b r o s i t i s  syndrome (Moldofsky e t  a l . ,  1975). More­

o v e r ,  in  aging (Feinberg  e t  a l . ,  1967; Kales e t  a l . ,  1967b; Williams e t .  

a l . ,  1974) and in  d e p re ss ion  (Mendels and Hawkins, 1967a) a dec rea se  in 

s ta g e  4 and an in c r e a s e  in number o f  awakenings a re  seen .

I n i t i a l l y  we no te  t h a t  th e  p a t t e r n s  o f  s l e e p  d i s tu r b a n c e  we r e ­

corded do not  suppor t  a c l a s s i f i c a t i o n  o f  e i t h e r  a hypersomnia o r  an 

insomnia s le ep  d i s o r d e r .  Although hypersomnia was th e  uniform com­

p l a i n t  o f  th e  s u b je c t s  in  t h i s  s tu d y ,  our  d a ta  revea l  t h a t  they  do not  

have an abnormally in c re ased  t o t a l  s l e e p  t ime (TST) in  r e l a t i o n  t o  th e  

amount o f  time spen t  in  bed. This i s  in c o n t r a s t  to  what was found in 

th e  ch ron ic  hypersomniacs r e p o r te d  by Roth e t  a l .  (1972).  N a r c o l e p t i c s ,  

who t y p i c a l l y  complain o f  hypersomnia, a l s o  f a i l  t o  show in c r e a s e s  in 

TST as compared to  normals (Hishikawa e t  a l . ,  1976). C er ta in  na rco ­

l e p t i c s ,  namely th o se  w i th  a u x i l i a r y  symptoms, exper ience  an in c r e a s e  

in number o f  awakenings (Hishikawa e t  a l . ,  1976), as do our s u b j e c t s .  

However, u n l ik e  th e  n a r c o l e p t i c s ,  s u b j e c t s  in  t h i s  s tudy  showed no de­

c re a s e  in  REM s le e p  o n se t  l a t e n c y  over  a t h r e e  n ig h t s  s tudy  p e r io d .

From th e s e  c o n s id e r a t io n s  we must conclude t h a t  our  s u b j e c t s  cannot  be 

sa id  t o  s u f f e r  from an abnormal enhancement o f  s l e e p .

The s le ep  o f  insomniacs i s  c h a r a c t e r i z e d  by a d ec rease  in  TST 

(Carskadon e t  a l . ,  1975; Frankel e t  a l . ,  1.976) and depending on th e  

type  o f  insomnia (Frankel e t  a l . ,  1976) may in c lu de  an in c r e a s e  in 

s le e p  o n se t  l a t e n c y  (Kales ,  1969; Karacan e t  a l . ,  1971; Carskadon e t
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a l . ,  1975; Frankel e t  a l . ,  1976), an i n c re a s e  in e a r l y  morning awaken­

ing and a dec rea se  in s le e p  e f f i c i e n c y  (Karacan e t  a l . ,  1971; Frankel 

e t  a l . ,  1976). Our s u b j e c t s  do show an in c re a s e  in number o f  awaken­

in g s ,  bu t  t h e i r  a d ju s te d  TST i s  no t  s i g n i f i c a n t l y  d imin ished .  F u r th e r ­

more, t h ey  do no t  compTaTn o f  w akefu lness ,  u n l ik e  insomniacs ,  who have 

been found to  o v e re s t im a te  th e  amount o f  s l e e p l e s s n e s s  (Frankel e t  a l . ,  

1976). I t  i s  concluded then  t h a t  a l though  th e  s le e p  o f  th e  s u b j e c t s  i s  

d i s t u r b e d ,  i t  i s  c l e a r l y  no t  d iminished  and t h e r e f o r e  cannot  be c a t e ­

go r ized  as insomnia.  In view o f  th e  fo rego ing  a n a l y s i s ,  the  s l e e p  d i s -
\

o rd e r  o f  th e  s u b je c t s '  i s  b e s t  c h a r a c t e r i z e d  as a d i s tu rb a n c e  o f  s le e p  

r a t h e r  than  a change in  th e  amount o f  s l e e p ,  e i t h e r  enhancement o r  

d im inu t ion .

Since  th e  o b j e c t i v e  f i n d in g s  do no t  suppor t  c l a s s i f i c a t i o n  o f  the  

s l e e p  d i s o r d e r  as hypersomnia and a re  no t  t h e r e f o r e  in  accord with  sub­

j e c t i v e  r e p o r t s ,  i t  i s  o f  i n t e r e s t  t o  exp lo re  th e  r e l a t i o n s h i p  between 

th e s e  f i n d in g s  and r e p o r t s .  In o t h e r  words, how can th e  changes found 

in  th e  s l e e p  o f  th e  s u b j e c t s  be r e c o n c i l e d  with t h e i r  r e p o r t s  o f  ex­

c e s s iv e  s le ep ?

The a l t e r e d  slow wave s l e e p  (SWS) o f  th e  s u b j e c t s  as i n d ic a t e d  by 

an in c re ased  number o f  awakenings and a decreased  s ta g e  4 may sugges t  

why th e  s u b j e c t s  would remain s l e e p in g  in bed longer  than usual  and y e t  

f e e l  t i r e d ,  as they  r e p o r t .  Feinberg (1974) sugges ts  t h a t  s t a g e  4 a c t s  

t o  r e v e r s e  th e  c a t a b o l i c  e f f e c t s  o f  wakefulness with s t a g e  2  and s t a g e  

3 q u a l i t a t i v e l y  s i m i l a r  t o  bu t  l e s s  i n te n s e  than s ta g e  4. The d u ra t io n  

of  th e  SWS pe r iods  d e c l in e s  through th e  n ig h t  w i th  s ta g e  4 and s t a g e  3,  

th e  more i n t e n s e  s t a g e s ,  predominat ing in  th e  e a r l y  pe r iods  and w ith  

s t a g e  2 , th e  l e a s t  i n t e n s e  s t a g e ,  predominating in  t h e  l a t e r  ones.
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When th e  f i n a l  SWS p e r io d s  c o n s i s t i n g  o f  s t a g e  2 approach in  d u ra t io n  

th e  REM per iods  with  which they  a l t e r n a t e ,  t h e  e f f e c t s  o f  wakefulness 

have been reversed  and morning waking o c c u r s .  The fu n c t io n  o f  REM s le e p  

i s  t o  maximize th e  occurrence  o f  SWS.

The SWS o f  th e  s u b je c t s  may be f u n c t i o n a l l y  l e s s  e f f i c i e n t  o r  l e s s  

" in te n se "  in comparison with normal SWS because o f  a d ec rease  in s t a g e  

4 and an in c re ase  in number o f  awakenings. In a d d i t i o n ,  due to  e x ce ss ­

ive  i n t e r r u p t i o n s  by w akefu lness ,  t h e  SWS p e r io d s  o f  th e  s u b j e c t s  may be 

c o n t in u in g  f o r  a lon g er  than usual  d u ra t io n  b e fo re  a l t e r n a t i n g  w ith  REM 

s l e e p ,  a t  l e a s t  in  terms o f  c lock  t im e ,  as was found to  be th e  case  in 

a s tudy  o f  normal s u b j e c t s  by Brezinova (1974).  - I f  th e  d u r a t io n s  o f  the  

SWS pe r iods  o f  th e  p a t i e n t s  were e x tended ,  fewer SWS p e r iod s  and s le e p  

c y c les  would occur  in  a n i g h t .  I f  th e  SWS o f  th e  s u b j e c t s  i s  f u n c t io n ­

a l l y  l e s s  in te n se  and the  SWS p e r io d s  a re  a l s o  ex tended ,  th e  s u b je c t s  

may be s leep in g  in  bed longer  than no rm al ly ,  t r y i n g  to  complete enough 

s l e e p  cyc les  to  ach ieve  the  r e s t o r a t i v e  e f f e c t s  o f  s l e e p .  However, i f  

th e  d i s tu r b e d  s le e p  o f  th e  s u b j e c t s  d id  no t  produce f u l l  r e s t o r a t i o n  

even w ith  an extended time spen t  s l e e p in g  in  bed,  then  th e  s u b j e c t s  

should f e e l  f a t ig u e d  and s leepy  du r ing  th e  day. This  combination o f  

low q u a l i t y  s l e e p ,  extended s le e p  t ime and daytime somnolence could 

r e a d i l y  account f o r  t h e  s u b j e c t i v e  compla in t  o f  hypersomnia r ep o r te d  by 

our experimental  group.

In th e  foregoing  d i s c u s s io n  th e  s l e e p  changes observed in  our  

s u b j e c t s  have been considered  in  r e l a t i o n  t o  th e  p a t t e r n s  seen in 

hypersomnia and insomnia and were found t o  be a t  v a r ia n ce  w ith  th e s e  

d i s o r d e r s .  I t  remains now to  compare in  some d e t a i l  th e  s u b j e c t s '  

s l e e p  c h a r a c t e r i s t i c s  with  th e  s l e e p  changes seen in  th e  n e u t r a l - s t a t e
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syndrome, hypothyroidism, th e  f i b r o s i t i s  syndrome, d ep re s s io n  and ag ing .

The d ecrease  in s t a g e  4 o f  th e  s u b je c t s  and dec rea se  in  s t a g e  3 o f  

o l d e r  s u b j e c t s  resemble th e  changes in s le ep  seen in  both th e  n e u t r a l -  

s t a t e  syndrome (G u i l le m in a u l t  e t  a l . ,  1975) and hypothyroidism (Kales 

e t  a l . ,  1967a). However, t h e  s le e p  d i s o r d e r  o f  the  s u b j e c t s  more c l o s e ­

ly  resembles th e  d i s tu r b e d  s le e p  a s s o c i a t e d  with th e  f i b r o s i t i s  syn­

drome, s in c e  both types  o f  s le e p  a re  d e f i c i e n t  in s t a g e  4 and i n t e r r u p ­

t e d  by wakefu lness .  Moreover, Moldofsky e t  a l .  (1975) su g ges t  t h a t  th e  

s l e e p  d i s o r d e r  a s s o c i a t e d  with th e  f i b r o s i t i s  syndrome i s  a n o n - r e s t o r ­

a t i v e  s le e p  syndrome which, as has been d i s c u s s e d ,  may d e s c r ib e  the  

type  o f  s le e p  d i s o r d e r  o f  th e  s u b j e c t s .

Unipolar  d e p re s s iv e s  have th e  secondary symptom o f  an insomnia-  

type  s l e e p  d i s tu rb a n c e  c o n s i s t i n g  o f  an in c re a s e  in s l e e p  o n se t  l a t e n ­

cy,  number o f  awakenings, s t a g e  0  and t ime spent  awake in  th e  e a r l y  

morning and a d ec rea se  in  s t a g e  4 and TST (Mendels and Hawkins, 1967a). 

I t  has been d i sc u sse d  t h a t  insomnia i s  not  the  compla in t  o r  problem o f  

th e  s u b j e c t s ,  but  a decrease  in s ta g e  4 and an in c r e a s e  in  number o f  

awakenings a re  s le e p  changes which a re  s i m i l a r  f o r  both s u b j e c t s  and 

d e p re s s iv e s .  Depressives c h a r a c t e r i s t i c a l l y  show a decreased  l a t e n c y  

to  the  f i r s t  REM p er iod  (Kupfer and F o s te r ,  1972). I t  was n o t  p o s s ib l e  

to  compare th e  l a t e n c y  to  th e  f i r s t  REM period  o f  th e  s u b j e c t s  wi th  

normal s u b j e c t s .  However, by u t i l i z i n g  th e  r e s u l t s  o f  a s tudy  which 

showed t h a t  th e  REM la te n c y  was s h o r t e r  f o r  a group o f  primary d e p re s s ­

ives  as compared to  a group o f  medical d e p re s s iv e s  (Fink e t  a l . ,  1977), 

i t  appears  by in s p e c t io n  t h a t  th e  mean la te n c y  to  th e  f i r s t  REM p er iod  

o f  th e  s u b je c t s  (p p .46,49) i s  more s i m i l a r  in  d u r a t io n  t o  t h a t  o f  th e  

medical d e p re s s iv e s  (71 .2  m in .)  than  to  t h a t  o f  th e  primary d e p re s s iv e s



(38.3  min. ) -  These r e s u l t s  and o t h e r  d a ta  o f  t h i s  s tudy to  be d i s c u s s ­

ed l a t e r  sugges t  t h a t  t h e  s l e e p  d i s o r d e r  o f  th e  s u b j e c t s  i s  s i m i l a r  to  

t h a t  a s s o c i a t e d  w i th  primary d e p re ss io n  in  some r e s p e c t s  but  t h a t  th e  

changes in s l e e p  p a t t e r n s  a r e  probably  no t  secondary symptomatic ex­

p re s s io n s  o f  pr imary u n ip o la r  d e p re s s io n .

The s l e e p  o f  e l d e r l y  a d u l t s  as compared to  t h a t  o f  young normal 

a d u l t s  shows an i n c r e a s e  i n :  1 ) number o f  awakenings, 2 ) average d u ra ­

t i o n  o f  an awakening (ADA), 3) s t a g e  0 ,  4) d u r a t io n  o f  th e  f i r s t  REM 

per iod  and 5) eye movement d e n s i ty  f o r  th e  f i r s t  REM per iod  and a de­

c rease  i n :  6 ) TST, 7) s l e e p  e f f i c i e n c y  index (S E I) ,  8 ) s t a g e  4 and 9) 

REM s le e p  (Feinberg  e t  a l . ,  1967: 1 , 2 , 3 , 4 , 8 ,9 ;  Kales e t  a l . ,  1967b:1,  

6 ,8 ,9 ;  Fe inberg ,  1974: 1 , 2 , 4 , 5 , 8 ,9 ;  Williams e t  a l . ,  1974: 1 , 3 , 6 , 7 , 8 ,

9; Brezinova,  1975: 3 , 6 , 9 ,  1976: 6 ) .  The s u b j e c t s '  s l e e p  resembles 

o ld e r  s le e p  by having an in c reased  number o f  awakenings and a decreased  

s ta g e  4. Furthermore,  o l d e r  normal a d u l t s  show a decreased  a b i l i t y  to  

s u s t a i n  s l e e p  w i th ou t  f r e q u e n t  i n t e r r u p t i o n s  by wakefulness  (Feinberg  

e t  a l . ,  1967; Brez inova ,  1975) but  ach ieve  approximate ly  th e  same TST 

as younger a d u l t s  by remaining in bed f o r  a longer  pe r iod  (Feinberg  e t  

a l . ,  1967). S i m i l a r l y ,  i t  has been suggested  t h a t  th e  SWS o f  th e  sub­

j e c t s  i s  l e s s  e f f i c i e n t  than normal SWS because o f  an in c re a s e d  number 

o f  awakenings and a decreased  s ta g e  4 ,  and t h a t  th e  abnormal SWS causes 

them to  remain s l e e p in g  in  bed long er  than  normally  in  an a t tem pt  t o  

achieve  th e  r e s t o r a t i v e  e f f e c t s  o f  s l e e p .

In comparing th e  s l e e p  p a t t e r n s  o f  th e  s u b j e c t s  wi th  tho se  o f  th e  

c l a s s  o f  d i s o r d e r s  cons ide red  above, we observe  t h a t  th e  s l e e p  abnor­

m a l i t i e s  seen in  th e  f i b r o s i t i s  syndrome, d ep re s s io n  and aging resemble 

most c l o s e l y  th o se  seen in  th e  s u b j e c t s .  F u r th e r  d i s t i n c t i o n s  can be
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provided from a n a l y s i s  o f  PBB c o r r e l a t i o n s  and neuropsychologica l  d a ta .

Our d a ta  show t h a t  l e v e l s  o f  PBB c o r r e l a t e  s i g n i f i c a n t l y  with  a 

number o f  s l e e p  v a r i a b l e s .  This c o r r e l a t i o n  i s  p o s i t i v e  with  s t a g e  0,  

ADA and d u ra t io n  o f  and eye movement d e n s i ty  f o r  the  f i r s t  REM period  

and neg a t iv e  with  TST, SEI and number o f  SWS per iods  and s l e e p  c y c l e s .  

These c o r r e l a t i o n  da ta  sug g es t  t h a t  the  s le e p  changes in our  s u b je c t s  

correspond to  a g r e a t e r  e x t e n t  wi th  th e  p a t t e r n s  observed in aging than  

with those  observed in  d e p re s s io n .  Sub jec ts  with h igher  l e v e l s  o f  PBB 

have s le e p  which resembles "o lder"  s le e p  more than  i t  does d e p re s s iv e  

s l e e p .  Furthermore, t h e  Depression Index o f  th e  s u b j e c t s  ( v . i . )  i s  

u n c o r re la t e d  with  th e  l a t e n c y  to  th e  f i r s t  REM period  and i s  n e g a t iv e ly  

c o r r e l a t e d  w i th  th e  d u ra t io n  o f  th e  f i r s t  REM p e r io d .  This i s  in  con­

t r a s t  to  th e  r e s u l t s  found f o r  pr imary d e p re s s iv e s  who have th e  degree  

o f  measured dep re ss io n  n e g a t iv e ly  c o r r e l a t e d  with th e  l a t e n c y  to  th e  

f i r s t  REM per io d  (Kupfer and F o s t e r ,  1972) and who have a lo ng er  mean 

d u ra t io n  o f  th e  f i r s t  REM per iod  than  medical d e p re s s iv e s  have (Fink 

e t  a l . ,  1977). In a d d i t i o n ,  th e  n e g a t iv e  c o r r e l a t i o n s  o f  l e v e l s  o f  

PBB with  number o f  SWS p e r io d s  and s le e p  cyc les  lend suppor t  t o  th e  

hypo thes is  t h a t  our  s u b j e c t s  may be s le e p in g  in  bed lon ger  than  normal­

l y ,  as do e l d e r l y  normal s u b j e c t s ,  in an a t tem pt  to  complete enough 

s le e p  c y c l e s .  Thus, i t  appears t h a t  the  s le ep  o f  t h i s  p o pu la t ion  r e ­

sembles s le ep  more c h a r a c t e r i s t i c  o f  in d iv id u a l s  o ld e r  than th e  chrono­

lo g ic a l  ages o f  our  s u b j e c t s .

Since d ep re s s io n  was one o f  the  s i g n i f i c a n t  symptoms r e p o r t e d  by 

Michigan r e s i d e n t s  in  t h e  1976 h e a l th  survey (Valciukas e t  a l . ,  1979), 

i t  was necessa ry  to  de termine  whether  our s u b j e c t s  should be cons idered  

primary d e p re s s iv e s  with  t h e i r  d i s tu r b e d  s le ep  a secondary symptom o f
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t h a t  d i s o r d e r .  To prov ide  q u a n t i t a t i v e  assessment  o f  th e  d i s o r d e r  o f  

dep re ss ion  in  our s u b j e c t s ,  we employed th e  Zung S e l f -R a t in g  Depression 

Sca le  (Zung, 1965). The mean Depression Index o f  th e  s u b j e c t s  i s  .51 

(SD: .11)  which i s  s i g n i f i c a n t l y  lower than  th e  .74 (SD: .08) o f  the  

group o f  primary d e p re s s iv e s  r e p o r te d  by Zung, whi le  a l s o  being s i g n i f ­

i c a n t l y  h igher  than th e  .33 (SD: .05) o f  h i s  group o f  normal s u b j e c t s .  

Thus, our  s u b j e c t s  cannnot  be c l a s s i f i e d  as d e p re s s iv e s .  This  f in d in g  

combined with the  d i f f e r e n c e s  observed in comparing th e  s l e e p  p a t t e r n s  

o f  d e p re s s iv e s  with th ose  o f  our s u b j e c t s  make i t  u n l ik e l y  t h a t  the  

a l t e r e d  s l e e p  o f  th e  s u b j e c t s  i s  an expre ss io n  o f  primary dep re ss io n .

Although not  though t  t o  be primary d e p r e s s iv e s ,  our s u b je c t s  can­

no t  be cons idered  normal with  rega rd  to  d e p re s s io n .  Not only  i s  t h e i r  

mean Depression Index s i g n i f i c a n t l y  h igher  than t h a t  o f  th e  normal 

group,  i t  i s  a l s o  not  s i g n i f i c a n t l y  d i f f e r e n t  from th e  .53 (SD: .08) 

o f  Zung's group o f  persons  who were i n i t i a l l y  diagnosed as having de­

p r e s s iv e  d i s o r d e r s  bu t  who were l a t e r  found t o  have d i s o r d e r s  such as 

psychophysio log ica l  d i s t u r b a n c e s ,  a n x ie ty  r e a c t i o n s  and p e r s o n a l i t y  

d i s tu r b a n c e s .  I f  th e  s u b je c t s  a re  more depressed  than  normal s u b j e c t s ,  

then t h e i r  dep re ss io n  may be r e l a t e d  to  t h e i r  a l t e r e d  SWS. Increased  

dep re ss io n  i s  found in persons with  insomnia (Kales ,  1969; Kales e t  a l . ,  

1973; Coursey e t  a l . ,  1975), th e  f i b r o s i t i s  syndrome (Moldofsky e t  a l . ,  

1975) and,  o f  c o u rse ,  primary d e p re s s io n .  Decreased s t a g e  4 and /o r  

d e l t a  s le e p  i s  repo r te d  f o r  insomniacs (Frankel  e t  a l . ,  1976),  i n d i v i ­

dua ls  having th e  f i b r o s i t i s  syndrome (Moldofsky e t  a l . ,  1975),  d e p re s s ­

ives  (Mendels and Hawkins, 1967a) and s c h izo p h re n ic s  (Ca ldw el l ,  1969; 

Feinberg e t  a l . ,  1969). Furthermore, th e  l ev e l  o f  d ep ress ion  i s  nega­

t i v e l y  c o r r e l a t e d  w ith  the  amount o f  s t a g e  4 in sch izo p h ren ic s  (Reich



e t  a l . ,  1975), and th e  symptom o f  d e p re ss ion  i s  thought  to  be a r e s u l t  

o f  d e p r iv a t io n  o f  s t a g e  4 in  persons  with  th e  f i b r o s i t i s  syndrome 

(Moldofsky e t  a l . ,  1975).  Thus, any noted dep re ss io n  in th e  s u b j e c t s  

might be symptomatic o f  t h e i r  d i s tu r b e d  s l e e p  p a t t e r n s  r a t h e r  than 

su g g e s t iv e  o f  pr imary d e p re s s io n .

In 1976, tw o - th i r d s  o f  our s u b j e c t s  r e p o r te d  memory l o s s  o f  from 

one to  t h r e e  y e a r s  d u ra t io n  ( S e l i k o f f  e t  a l . ,  1976). To i n v e s t i g a t e  

t h i s  compla in t  and t o  p rov ide  a d d i t i o n a l  measurement o f  c e n t r a l  nervous 

system f u n c t io n in g ,  we adm in is te red  a memory t e s t  designed to  a s s e s s  

r e c a l l ,  r e c o g n i t i o n  and l e a r n in g .

The r e s u l t s  o f  th e  Benton Revised Visual Reten tion  T es t  revea l  

t h a t  f o r  s ix ty - s e v e n  p e rc e n t  o f  th e  s u b je c t s  t h e r e  i s  an i n d i c a t i o n  o f  

acqu ired  impairment o f  c o g n i t i v e  fu n c t io n in g  with tw e n ty - f iv e  p e rc e n t  

showing a s t ro n g  i n d i c a t i o n .  In a d d i t i o n ,  performance c o r r e l a t e s  

n e g a t iv e ly  with  age bu t  does not  c o r r e l a t e  with l e v e l s  o f  PBB. In 

normal s u b j e c t s  performance c o r r e l a t e s  p o s i t i v e l y  with  i n t e l l i g e n c e  

l eve l  and, beginning in  th e  f o u r th  decade,  n e g a t iv e ly  with  chrono­

lo g ic a l  age (Benton,  1974). We could not  compare th e  r e s u l t s  o f  our  

s u b je c t s  on t h e  Matt is-Kovner  Memory T es t  wi th  those  o f  normal sub­

j e c t s ,  but  t h e i r  performance c o r r e l a t e s  n e g a t iv e ly  with  l e v e l s  o f  PBB, 

s ta g e  0 and number o f  awakenings. The mean sco res  o f  th e  A ssoc ia te  

Learning T es t  a re  not  s i g n i f i c a n t l y  d i f f e r e n t  from tho se  o f  normal sub­

j e c t s ,  but  th e  sco res  c o r r e l a t e  n e g a t iv e ly  with  s ta g e  O'. Performance 

on t h i s  t e s t  in  normal s u b j e c t s  c o r r e l a t e s  with  age and i n t e l l i g e n c e  

leve l  (Wechsler and S tone ,  1974).

Of th e  r e s u l t s  o f  th e  Memory Test-, only those  o f  th e  Benton Re­

v ise d  Visual R e ten t ion  Tes t  c l e a r l y  sugges t  t h a t  some o f  our  s u b j e c t s
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may have a c e r t a i n  degree  o f  memory impairment;  however, th e  degree o f
•

impairment does no t  c o r r e l a t e  w ith  l e v e l s  o f  PBB. I t  i s  o f  i n t e r e s t  to  

no te  t h a t  an exac t  match-up does no t  e x i s t  between th o se  s u b j e c t s  who 

had r e p o r te d  memory lo s s  in 1976 and th o se  who now p r e s e n t  t h a t  s ig n .

On th e  o t h e r  hand, th e  n ega t ive  c o r r e l a t i o n s  o f  performance on the  

Mattis-Kovner Memory Recognit ion Tes t  and th e  A sso c ia te  Learning Tes t  

wi th  measurements o f  wakefulness  a r e  s i m i l a r  t o  th o se  observed in  th e  

normally and p a th o l o g i c a l l y  aged. Feinberg e t  a l .  (1967) re p o r te d  t h a t  

sco res  on th e  P ro g re ss iv e  M atr ices  T es t  in th e  e l d e r l y  and performance 

on th e  Wechsler Adult  I n t e l l i g e n c e  Sca le  (WAIS) in  persons  with  th e  

c h ron ic  b ra in  syndrome (CBS) were c o r r e l a t e d  n e g a t iv e ly  w i th  th e  p e r ­

c en t  o f  s ta g e  0 o f  th e  time spen t  in  bed. Moreover, i n d iv i d u a l s  with  

th e  CBS had sco res  on th e  Wechsler Memory Sca le  and th e  verba l  s e c t i o n  

o f  the  WAIS which were n e g a t iv e ly  c o r r e l a t e d  with  t h e  number o f  awaken­

in gs .  From th ese  f i n d in g s  Feinberg e t  a l . (1967) hypo thes ized  t h a t  the  

symptom o f  s le ep  with ch ron ic  and f r e q u e n t  i n t e r r u p t i o n s  by wakefulness 

i n d i c a t e s  an impairment o f  b ra in  f u n c t io n in g .  In view o f  t h e  fo reg o ­

ing a n a l y s i s ,  th e  s l e e p  d a ta  and memory c o r r e l a t i o n  d a ta  o f  t h i s  s tudy 

sugges t  t h a t  our  s u b j e c t s  may have an impairment o f  c o g n i t i v e  f u n c t i o n ­

ing s i m i l a r  t o  t h a t  seen in  ag ing .

The s l e e p ,  neuropsychologica l  and c o r r e l a t i o n  da ta  su g g e s t  t h a t  

c e r t a i n  fu n c t io n s  o f  t h e  c e n t r a l  nervous systems o f  th e  s u b j e c t s  appear  

o ld e r  than  would be expected from t h e i r  ch ro n o lo g ica l  ages .  Although 

th e  Memory T es t  d a ta  suppor t  t h i s  i d e a ,  i t  i s  th e  s l e e p  d a ta  which pro­

v ide  th e  b a s i s  f o r  t h i s  h y p o th es is .  Consequently ,  th e  r e s u l t s  o f  t h i s  

s tudy can be sa id  to  i n d i c a t e  th e  u s e fu ln e s s  o f  e l e c t r o p h y s i o l o g i c a l  

s l e e p  reco rd ing  in  t o x ic o lo g ic a l  s t u d i e s  t o  o b j e c t i v e l y  c h a r a c t e r i z e
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symptomatic s l e e p  complain ts  and to  q u a n t i t a t e  a l t e r a t i o n s  in  b ra in  

f u n c t io n s  which might  o th e rw ise  go un de tec ted .

S u b je c t s  w i th  h ig h e r  l e v e l s  o f  PBB a re  observed to  have o ld e r  s le e p  

and to  perform l e s s  well  on th e  Mattis-Kovner Memory Recognition T es t .

I f  exposure  t o  PBB"has r e s u l t e d  in changes in c e n t r a l  nervous system 

f u n c t i o n in g ,  i t  i s  not  known whether  th e  p o s s ib le  causal  connection 

c o n s i s t s  o f  a primary o r  secondary involvement o f  .PBB with the  nervous 

system. The a l t e r a t i o n  in h e p a t ic  fu n c t io n  noted by Anderson e t  a l .

(1979) do su g g e s t  th e  p o s s i b i l i t y  t h a t  exposure to  PBB may r e s u l t  in
\

t o x i c  m e tab o l ic  changes which could  then se c o n d a r i ly  a f f e c t  th e  c e n t r a l  

nervous system. The c o r r e l a t i o n  o f  l e v e l s  o f  PBB with s le e p  and neuro­

p sycho log ica l  d y s fu n c t io n  f i v e  y e a r s  a f t e r  th e  pe r iod  o f  exposure to  

PBB seems to  i n d i c a t e  t h a t  a r e l a t i v e l y  permanent change in the  f u n c t i o n ­

ing o f  th e  c e n t r a l  nervous system o f  the  s u b je c t s  may have occur red .  

However, d a ta  from th e  q u e s t io n n a i r e s  and c o n v e rsa t io n s  with the'  sub­

j e c t s  do su gges t  improvement in t h e i r  s l e e p  from 1974 to  1979. The 

p r e s e n t  s l e e p  d i s o r d e r - o f  th e  s u b j e c t s  i s  probably  not  as severe  as 

when f i r s t  exper ienced  in 1974 o r  rep o r te d  in 1976 but  i s  c e r t a i n l y ,  

s t i l l  in  1979, a s i g n i f i c a n t  h e a l th  concern f o r  them.

Treatment  which d e c reases  th e  i n t e r r u p t i o n s  by wakefulness  o f  SWS 

and i n c r e a s e s  s ta g e  4 i s  recommended f o r  the  s u b j e c t s .  Any drug t r e a t ­

ment used a t  n ig h t  should a t tem p t  t o  i n c re a s e  s t a g e  4 w ithou t  i n t e r ­

f e r i n g  w ith  th e  o t h e r  s l e e p  s t a g e s  and w i thou t  in c r e a s in g  wakefu lness .  

Drugs may prove t o  be h e lp fu l  in  a l l e v i a t i n g  th e  s le ep  problem o f  th e  

s u b j e c t s .  However, t h e  long b io lo g ic a l  h a l f - l i f e  o f  PBB su gg es ts  t h a t  

drug t r e a tm e n t  used to  enhance th e  q u a l i t y  o f  s l e e p  would probably  be ,  

o f  n e c e s s i t y ,  o f  a long d u r a t i o n ,  and few drugs used t o  improve s le e p
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continue  to  be e f f i c a c i o u s  with  long term use (Kales e t  a l . ,  1974). 

Furthermore , g iv ing  a s t im u la n t  such as dextroamphetamine to  th e  sub 

j e c t s  t o  combat t h e i r  daytime t i r e d n e s s  and s l e e p in e s s  i s  probably  

not  a p p r o p r i a t e ,  because such an a t tem pt  to  i n c re a s e  daytime wakeful 

ness might r e i n f o r c e  o r  worsen th e  n ig h t t im e  i n t e r r u p t i o n s  o f  s leep  

by wakefulness .



SUMMARY

The s le e p  EEGs o f  twelve a d u l t  Michigan r e s i d e n t s ,  who had been 

exposed to  polybrominated b iphenyls  (PBBs) and who complained o f  hyper­

somnia, were recorded  in  o rder  to  de termine o b j e c t i v e l y  th e  c h a r a c t e r  

and e x te n t  o f  th e  r e p o r t e d  s le e p  d i s tu r b a n c e .  In a d d i t i o n  to  t h i s  

e l e c t r o p h y s i o l o g ic a l  s tu d y ,  neuropsychologica l  t e s t s  were adm in is te red  

to  each o f  th e  s u b j e c t s ,  and t h e i r  serum PBB l e v e l s  were measured.

Analysis  o f  th e  s l e e p  d a ta  rev e a le d  a g r e a t e r  number o f  awakenings, 

an i n c re a s e  in eye movement d e n s i ty  o f  REM s l e e p ,  and a decrease  in 

s ta g e  4 s le e p  as compared t o  a normal popu la t ion  o f  the  same age. The 

o l d e r  s u b j e c t s  a l s o  showed a decrease  in  the  amount o f  s t a g e  3 s le ep .

The p a t t e r n s  o f  s l e e p  were not  c o n s i s t e n t  with  th e  changes seen in 

p a th o lo g ica l  i n c r e a s e s  o r  dec rease s  in th e  amount o f  s l e e p .  To recon­

c i l e  th e  observed s l e e p  changes o f  th e  s u b je c t s  with  t h e i r  su b je c t iv e  

r e p o r t s  of  hypersomnia, i t  i s  hypothes ized  t h a t  in c reased  number o f  

awakenings and decreased  s tag e  4 may c o n t r i b u t e  to  an i n f e r i o r  q u a l i t y  

o f  s l e e p  and to  an in c re ased  time taken to  complete a s le ep  c y c le .

This in  tu rn  might produce an i n c re a s e  in  the  time spent  s le ep in g  in 

o rde r  to  achieve  th e  presumed r e s t o r a t i v e  e f f e c t s  o f  s l e e p .

The l e v e l s  o f  PBB were found t o  c o r r e l a t e  with  the  amount o f  s tage  

0, th e  average d u ra t io n  o f  an awakening, th e  d u ra t io n  o f  f i r s t  REM 

p e r io d ,  and th e  eye movement d e n s i ty  in t h a t  p e r io d .  A s i g n i f i c a n t  

neg a t iv e  c o r r e l a t i o n  was found between PBB l e v e l s  and t o t a l  s le ep  t im e ,  

s le e p  e f f i c i e n c y  index ,  the  number o f  slow wave s le e p  p e r iods  and the  

number o f  s le e p  c y c l e s .  A comparison o f  s le ep  p r o f i l e s  o f  t h i s  group 

with  o t h e r  c l a s s e s  o f  pa tho lo g ica l  s l e e p  syndromes suggested c l o s e s t
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resemblance to  the  changes seen in ag ing .

The n ega t ive  c o r r e l a t i o n  o f  performance on th e  Matt is-Kovner Memory 

Recognition T es t  and th e  A ssoc ia te  Learning T es t  w i th  measurements of  

w akefu lness ,  and th e  r e s u l t s  o f  the  Benton Revised Visual Re ten t ion  Tes t  

sugges t  t h a t  s u b j e c t s  may have some degree o f  impairment o f  c o g n i t i v e  

f u n c t io n in g  s i m i l a r  t o  t h a t  seen in aging.

Since t h i s  s tudy was not  designed to  determine th e  s t a t u s  o f  PBB 

as a n e u ro tox in ,  no s ta tem en t  can be made about i t s  causal  r e l a t i o n  to  

th e  s le e p  d i s tu rb a n c e s  observed in t h i s  s u b j e c t  p o p u la t io n .  However, 

th e  i n v e s t i g a t i o n  does e s t a b l i s h  the  value  o f  s l e e p  a n a l y s i s  as an 

o b j e c t i v e  techn ique  in environmental  medicine f o r  c h a r a c t e r i z i n g  s l e e p  

complaints  and f o r  r eco gn iz ing  a low degree o f  d i f f u s e  o rgan ic  b ra in  

d y s fu n c t io n .  Furthermore,  th e  c o r r e l a t i o n s  found between serum l e v e l s  

o f  PBB and changes in s le e p  p a t t e r n s  sugges t  t h a t  i f  s i g n i f i c a n t  s le e p  

complaints  p e r s i s t  in th e  exposed p o p u la t io n ,  a c o n t r o l l e d  s tudy should 

be done designed to  e v a lu a te  a causal  connect ion  between PBB and c e n t r a l  

nervous system changes.
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V * /

•/ TJombfy

M O U N T  SI NAI  S C H O O L  OF  M E D I C I N E  
o f The C ity Uniatrsity o f Ncu> York

F I F T H  A V E N U E  A N D  I 0 0 T H  S T R E E T *  N E W  Y O R K ,  N. Y.  I 0 0 J 9

SLEEP QUESTIONNAIRE

UYt
Y / l

‘• 'D I O * * '* "

NAME:
LAST. T W

AGE:

ADDRESS:
1W. STREET TIT? S W l T  7 W

SEX: MALE Q  FEMALE QPHONE NO.: (

INSTRUCTIONS: Please check the c i r c l e  0  which is  the most appropriate  answer to 
the question or w rite  the answer to the question in the space.

1. Do you continue to have the problem o f  sleepinn longer than usual? NO O  yrs O

2. I f  you no lonqer have th is  problem, when did the problem d i s a p p e a r? _________ (DATE).

3. Do you now have any o ther  sleepinp problems? NO YES

I f  "YES", please b r ie f ly  describe the new sleep problem:____________________________

4. What is  your normal bedtim e?____________ (PM/AM).

5. When do you usually  awaken from your n iq h t 's  s l e e p ? ____________ (AM/PM). / -
f t :  T S T < 8h*s

6. On the average, for how long do you sleep a t  n i n h t ? ____________ (IIOURSM^; g i r * r ^ i o

7. Approximately how quickly do you f a l l  asleep a t  ninht? v ^ :  T d T >  |oKr’

WITHIN 1G MINUTES ( J )  15 -45  MINUTES 0  LONGER THAN 45 MINUTES 0

3 .  During the n igh t,  how often  do you awaken from s i  eon?

RARELY @  OCCASIONALLY @  FREOUF.NTLY 0

9. When you awaken from sleep during the n igh t,  for how long do you remain awake?

SHORT TIME 0  MEDIUM TIME @  LONG TIME ( 7 )

10. Do you ever snore heavily durinci sleep? NO O  VES O

11. Do you have frequent nightmares? NO YES



SLEEP QUESTIONNAIRE
2

12. After awakening from a n ig h t 's  s leep ,  for how long do you remain in bed?

LESS THAN 2 MINUTES 0  2—5 MINUTES @  LONGER THAN 5 MINUTES ©

13. When you awaken from a n ig h t 's  s leep ,  how do you feel in terms of your mind?

BRIGHT 0  REASONABLY ALERT 0  DULL @

14. When you awaken from a n ig h t 's  s leep , how do you fee1 in terms o f  your body?

WELL RESTED 0  REASONABLE RESTED 0  TIRED @

15. How often do you f a l l  asleep during the day?

RARELY 0  OCCASIONALLY @  FREQUENTLY 0

16. When you f a l l  asleep during the day, fo r  how Iona do you sleep?

LESS THAN 15 MINUTES 0  15—45 MINUTES 0  LONGER THAN 45 MINUTES 0

17. Do you take any medication? NO 0  YES 0

I f  "YES1',  please w rite  the name o f  the drug and the reason for taking i t :

DRUG #1:_______________________________  REASON:______________________________

DRUG 8 2 1 REASON:
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PRE-SLEEP QUESTIONNAIRE

NAME:
"Df5T FTRsT

NIGHT: © 0 ©  DATE:.

INSTRUCTIONS: 1. Please check the c i r c l e  which is  the most appropriate answer to the 
question and, where app licab le ,  w rite  the answer to the question in the 
space.

2. Check only one c i r c le  fo r  each question.
3. Answer a l l  questions.

1. How much physical exertion did you do today?

none small amount medium amount

© © ©
2. How much mental exertion did you do today?

none small amount medium amount

©

very rested 

©
res ted

®

very a l e r t  

©
a l e r t

©
5. How do you feel now physically?

very relaxed relaxed

© ©
6. How do you feel mentally tonight?

very peaceful peaceful

©
averaae

©

normal

©

laroe amount 

©

larqe amount 

©
3. How do you feel th is  evening 1n terms of your body?

averaoe

© '
4. How do you feel tonight In terms of your mind?

medium

tire d

©

dull

©

tense

©
anxious

©

enormous amount

enormous amount 

©

very t i r e d

very dull 

©

verv tense 

©
very anxious 

©© ©
Are you experiencing any physical or mental discomfort th is  evening? NO YES C j  
I f  "YES", please b r ie f ly  describe your discomfort:____________________________________
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8. Did you f a l l  asleep or take any naps today? NO Q  YES Q  I f  "YES", how.many

times:____________ , for how long each time:____________ (minutes),; and a t  what times

during the day: — ,

9. Today did you drink any co ffee , tea ,  s o f t  drinks or alcohol? NO YES O
I f  "YES", how many times:____________, how much each t in e :_____________(approximate

number o f  ounces), and a t  what times during the day:______________________________ .

10. Did you take any medicines or drugs today? NO Q  YES I f  "YES", which drugs

or medicines:_____________________________________________________________, how many
\

times:_________\  , how much each time:____________________ , and a t  what times durlna

the day:_______________________________.

I l l
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POST-SLEEP QUESTIONNAIRE

NAME:
T O T TTET

MORNING: ©  ©  ©  ' DATE:.

INSTRUCTIONS: 1. Please check the c i r c le  ( p j  which 1s the most appropriate answer to
the question.

2. Check only one c i r c le  for each question.
3. Answer a l l  questions.

FALLING ASLEEP

1. How long did 1 t  take you to f a l l  asleep In i t i a l ly ?

never fe l l  
asleep

0
lono
time

medium
time

short
time

© 0  ©
2. When you were f a l l in g  as leep , how many thoughts did you have?

none ' few moderate many

© © © ©
3. When you were f a l l in g  a s leep , how many body movements did you have?

none few

© ©
SLEEP DURING THE NIGHT

moderate many

©

immediately 
fe l l  asleep

©

was constantly  
thinking

©

constantly  tossed 
and turned

0

4. How many times did you awaken during the night? 

never once twice

© © ©

three
times

©

four times 
or more

©
5. I f  you awoke during the n igh t,  on the average how long did 1t take you to  f a l l  asleep 

again?

never f e l l  
asleep again

©
long
time

medium
time

short
time

immediately 
f e l l  asleep

© ® © ®
6. How would you describe your sleep l a s t  night 1n terms o f  " lightness" or "deepness"? 

very l ig h t  l ig h t  medium deep very deep

© © ®
deep

© ©



POST-SLEEP QUESTIONNAIRE 2

7. During the n igh t,  how many body movements did you have?

none few moderate many

© © ® ©
ON AWAKENING

constantly  tossed 
and turned

©
8. On your f inal awakening how Iona did 1t take you to become awake once you s ta r ted  to 

wake up?

was awake 
Immediately

short
time

medium
time

long
time

© ® © ©
9. After your f inal awakening how did you feel 1n terms o f  your mind?

very dull dull medium a l e r t

© ® © ©
10. After your f inal awakening how did you feel In terms o f  your body?

very t i r e d  t i r e d  average rested

© © ® ®

never fu l ly  
woke up

©
very a le r t  

©
very rested  

©
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