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Abstract

Purpose of Review This is an update of headache attributed to systemic disease and current
therapeutic strategies. Clinical scenarios are discussed.

Recent Findings The diagnosis of headache attributed to metabolic or systemic disorder
appears in the Appendix of International Classification of Headache Disorders, Third Edi-
tion, and requires further evaluation and validation. However, recent studies character-
izing headache appear in the literature. Specific treatment includes addressing underlying
systemic disorders, managing concurrent primary headache, and treating comorbidities that
may exacerbate headache. Evidence for specific treatment trials for headache as a symptom
is lacking, including headaches post-COVID19 infection. Calcitonin gene-related peptide
receptor antagonists and 5-HT,; receptor agonists are attractive options for migraine with
vascular comorbidities, but long-term studies are needed.

Summary Headache is commonly encountered as a manifestation or complication of sys-
temic disease. Further research is needed to validate headache associated with systemic
disorders and to determine optimal treatment strategies.
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Introduction

Currently, headache attributed to a systemic disorder
appears in the Appendix of the ICHD-3, thus requir-
ing further research and validation. The goals of this
review are to discuss important systemic diseases that
may manifest with headache, with focus on their epi-
demiology, diagnostic criteria, recent findings, and
current treatment strategies. The review pays special
attention to migraine and systemic diseases. We will
also discuss the management of complex clinical sce-
narios relevant to neurology practice (Table 2).

Systemic disease is defined as one that affects several
organs and tissues, or the body as a whole. Moreover,
headache may occur commonly as a manifestation
secondary to numerous systemic conditions and to
their therapies. Both primary and secondary headache

disorders are diagnosed according to the International
Classification of Headache Disorders-3 (ICHD3), pub-
lished in 2018 [1].

It is helpful to have an anatomical and functional
understanding of pain producing structures of the
cranium or cranio-cervical region (i.e., dura, venous
sinuses, intracranial arteries) that contribute to pain
in systemic disease and lead to trigeminovascular
activation. Secondary headache may present with a
spectrum of clinical phenotypes that resemble pri-
mary headache disorders. There are specific indicators
that are helpful for identifying secondary headaches
such as temporal association and parallel severity, but
these are less helpful for systemic disease-induced
headaches.

General Considerations

Diagnostic Evaluation: Ruling Out Secondary Disorders

The first objective in the diagnostic evaluation of a headache presentation is
the determination of whether the symptom is due to a primary or second-
ary condition. A detailed and methodical clinical history must be actively
elicited from the patient, with specific attention to red flag warning signs
(SNNOOP10) [2] in Table 1 and medications known to cause headache. A
neurologic examination should be performed, with vital signs, and a general
exam focused on systemic complaints. Diagnostic investigations will depend
on the suspected underlying disorder.

Headache and Systemic Disorders: Primary Versus Secondary

The presence of “green” flags is reassuring for confirming the diagnosis of
primary headache disorders such as migraine, tension-type, and cluster head-
ache. In addition, a history of pre-existing or a family history of headache is
helpful for the diagnosis. It is important to note that although migraine is
a central nervous system disorder, it can be associated with widespread sys-
temic manifestations due to migraine. Migraine is defined by the presence
of a moderate to severe throbbing head pain, hypersensitivities, and gastro-
intestinal symptoms. However, during the premonitory phase, patients may
report fatigue as well as several homeostatic alternations including thirst,
frequency of urination, and appetite changes that are possibly associated with
the hypothalamus and locus coeruleus [3].



19

17-40

Curr Treat Options Neurol (2022) 24

£699000000000000"INM/2T21°0T/b10°10p//:5d11Y “y¥-¥€1:(€)26:6102 *ABOjoANSN “I51) OTJOONNS :@2130e4d e2tul)d UL saysepesy Aiepuodas
104 sbeyy abueso pue pay ‘|e 39 ‘| uuewIdgQ ‘IS UOS)AN ‘) UL URYIS ‘MH Z3AYdS ‘Y Siswway ‘4l oq “iaplostp ayoepeay Atewwd 104 Buunsseas aie sbeyy uaalg “sbey pas 1o
9bueio 13y30 Ym $ind220 3L usym butwieje ase sbeyy sbuelq “dn-moyoy 95012 pue uoriebryseaul Jayny aitnbas pue sispiostp Aiepuodss 1oy subls butuisduod ase sbeyy pay

(-239 “43yzeam uL sabueyd ‘punos ‘ayby se yans Indut
K1osuss oy1dads ‘spooy dyLaads ‘9194 jeuowioy) siabbuy Jualsisuo)
uoL3eJ0] 3)qeLep
BLIRILD €AHII NHNd
Aio3sty autesbipy
wexd 1eatbojoinau jewioN
sapostda Usamlaq auLdseq 03 uinlay
syjuow 9<uiaijed 3)qe1s ‘paysi)qeisy

9SNIBAO0 UOLIEILPAW ULey

S3IN3e3) JLWouoINe Ypm aAs njuLeqd

1eatdA3e 1o aaLssaiboiyd

195U0 J13BWN.IFISO

("2319 ‘ATH) wa3sAs sunwuw! jo Abojoyied

wnuadiand 10 Adueubaiyd

(astauex@ Jo “butybnod ‘buizaaus) eajesiep Aq paejrdidalyd
abueyd einysod

dUJepesy Mau 3asuo Juadai 4o sbueyd uwislieyd
ewspa))Lded

(dejousspunyy) syjuow ¢ >3asuo 3dniqy

sieak g9 <ayoepeay mau Jo abe usp)Q

UOLIR)OSL UL J9ADS (ssausnoldsuod paseasdsp butpnyul,) 3oysp dtbojoinsy

sasusw Agq pajeqiadexy  padd0]-9pLs 39SUO MIN ‘f1o3sLy ut wsejdoay
ayoepeay Arewrd jo Ao3sty Ajtweq da9]S Wwoiy suddjemy (-232 “sso0) JybLom “snsy) swozdwAs d1wslsAs
bej4 uaaug bejq abueig sbej4 pay

OTJOONNS bBuisn ayoepeay jo sasned Aiepuodas jno buyny 1 3iqel



https://doi.org/10.1212/WNL.0000000000006697

17-40

Curr Treat Options Neurol (2022) 24

20

[98]

sise3s Jujseb pajeldosse

-autesbLw jo ssuasaid

ay3 uL pajdaye aq Aew

yarym ‘uorrdiosqe Joesy

Jeutysajutosiseb uo Ajau
suoLjedLpal autesbLw JelQ

[¢8] siuape jeiodwsy Joy
Jusw3eas} parosdde-yqq maN

[78] sutesbiw

JLU04Yd Jo uouaAad

10} yuLxojwnuLnjogqeuo
1apLsuo)

[€8]

suol3do juswieal] JO MILARY
S131)nJseA
40 ‘uoilrvyuL SNJ “ISAI
J3pLsuod ‘uoljeulwexs

YULXOWNULINI0GDUO
1apisuo) *Ajanoe
uoljes3StuLWpe Jo sanol
1840-UON :N¥d SAIVSN

‘so13pwa-13ue ‘sueldul]

qewnzijo|
SpLOJ91S
anluaAaid pels
1stuobe
103d923l 4T H-G ‘auedab
‘(uotzaalul snosuejnagns
‘leseu) a3nol jelo-uou
ybnoiyy uezdu] sapLsuo)
UOL3eJLpULRIIUOD
1eJLpaW pue 3SNJAA0
UaALD NY¥d AIVSN pLoAy

pajedtput se juawa)ddns uou]
d)0 paULqWOod ISPLSUO)
uorejuawa)ddns wnisaubeyy

N¥d SAQIVSN
N¥d ueiduy buizoe Huoi

autesbLw druoiy)
sisasedoijsen

aydepesy
Aiepuodas paylssejun
sijuae Jesodwa)

ayoepeay asniano
uoL3edLpaly autelbLw dtuoiy)
S12110D 9A11RIDI|N

auLesbLw jensjsusly
elbeytiousy

Apmys

buthydws ouseh jewsouqy
T1BM 13SSA BU3 ULYILM
uoLeww.o) 192 juetb pue
S93eIJYuL 1)92 JB3joNUoLOW
ym siauspeued
snojewoinueib smoys

Rsdoiq Aisye jesodws)
eLWSUE p)LwW

Y3tm J8) "PaIeAd]R d¥) “¥S3

190u0Y A)Lep 331M] S|eaAal
SN UOLJRILP3W JO MBLADY

1e11931 NAD

1ad pajeatput L punoses3|n
eLwaue Adusyap

UOIL 1eIARS SBLPNIS UOIL “)g)
aouanbas
YIV1d Uo suolsa) Jajjew
9JLym JenouguaAund Jjews

uotjediisuod

pue ‘uotsusjodAy ‘ewyise

40 A03stH *syoeqje

autelbLw 219A3S pue

‘BulLwon pue easneu

Jwoayd ‘uted jetpuesdisod
UM uewom pjo-ieah-zg

sso] 3ybLom “uted diy
pue JapINOYs ‘uoLjedsLpne}d

mef[ ‘ayoepeay jerodwsy Ya)

913A3S YILM uew pjo-iedh-9/

Syoelje
Rtep ypm auteibiw otuoayd
pue S131102 dAL}RISIIN

Y3m uew pjo-1eahk-gg
wexs 1edtbojoinau jewsou
‘etbeysiousw Jo bujyss ut
snsoutesbLw snjejs yim
sjuasaud ‘eane Jnoypm
autesbLw yiwm pasoubelp

uewom pjo-1eal-g¢
wexa eatbojoinau jewsou
‘aieyy sndn) Aq pamoioy
‘eudud autesbw burissw

atbojoinau jewsouqe 41 N¥d SAQIVSN 9)dinw smoys uLeiqg TYW aydepesy aI9AsS pue
‘BANE YIM duLesbLw yim N¥d sueyduy eine ypm autelbiy SI19113 YNV @A1sod  92ueqINISLP JenSIA Mau UM
juasald Aew sase) sndn SpLoJa3S sndn) oLwa3sAs smoys jaued sunwuwtoiny  sjuasaid uewom pjo-ieah-zg
Burpeas pajsabbns SuoL}epuawwoddl ayoepeay
‘qurod Burysea) judwjieal] pue dwwd)sAs isasouberg  suorjenjead duysoubelq OLIRUDIS dSEI Jedtul))

aseastp dLwalsAs uL aysepeay Jo aALeIuISaIdal SISeI SoLIRUIIS edtul)) g diqel




21

17-40

Curr Treat Options Neurol (2022) 24

[29] uotsuazodAy
JetueldeIUL Snoaurjuods
40 Juswjeasy pue stsoubelp
uo aepdn ([68]utesq ay3
4o buibbes ‘etwaiadAy
Aienyid ‘saunjonis
SNousA Jo Juawabiobus
‘sabutuswAyded sy3 jo
JUBWIUBYUSD ‘SUOLJIDN)0I
pLMy Jeinpgns) aydepeay
aunssaid-mo) jo subis

butusem are 4335
[88]

91309449 oq Aew sueldu)
[£8] ayoepeay
J193SN)2 JLUOIYD YFIM
sjuaLjed J)e uL paJapLSu0d

3q pjnoys buLbewtoinan
S}2B33Ee 33NJE JO JPLSINO
9S1049X3 {SpOUIaW eIOLARYD]
aAubod syoeje 1abbLy
Rew swy3 se burdduys-jesw
‘burjse} ploAy :autesbiw

ut ssoj Jybiam loy seLbazens
(S02d ‘wstposAyzesedodAy
‘UOSLppY) SI3pIOSLp

1e2t60]0ULID0PUS JN0 3Ny

6102 JUsWaleIS
V@4 ‘sjuabe aAL3oeOSEA
-uou 2yLdads auLesbipy

SjuawW3eal} 1eaLbins pasueapy

yo3ed
pooiq jeinpida pajabie]

Jtwedessp

939 ‘ewoutjdejoud

41 autjobiage)
:Jusw3eas] dyLaads-towny
N¥d ueidu

Riseqo
03 8NP VdA ‘¥IL PLoAY
SaLpO(LIue JeuojIouoW dy9)
yulxojwnutnjogqeuQ
9jewelrdo]
sso] ybam

SQIVSN pue sueiduy ptoay
(systuobe

103dadal 4TI HG) suellq
(s3stuobejue anasjow

news 4y9)) sjuedan

’e9] 4S)

uotsuazodAy
JeLuesdeIuL Snoauejuods
awoipuhg sojueq-siaiy3

aydepeay 4a3sn)d

Aiepuo2ss -jeuorjouny
-uou 10 JeuoLjouny
:ewouspe Aieyinild

uotsusnadAy
Jetuesdesjul dtyyedoLpy
*3WoIpuAs dLjoqelaly

autelbiy

uoL3dJejul JeLpiedoA|y
eutbue je1awzuuy

‘9seasip Alaue Aleuoio)

uotsuazodAy jetueideszut

4o subts d1sse}d smoys

1SBIUO0D INOYIM PUB LM

uLeiq TYW 19A9] 9] e yes)
45D smoys AydesborpAw |9

KnigounadAy

UYILM JUSISLSU0D Wa]SAS
buriodg uojybiag

S]9A3] auouLioy yimolb

Po3eAR)a 10} dAL3LSOd
3593 uol3ouny Aiejiniid

ewouspe Aieynyd
smoys pue)b Areqinjid TyW

ainssaid butuado pazeas)s
yam ainjound sequing

ewapa))ded

ym Adodsopuny “eyjes
fdws yum uteiq TW

Burysa3-ssaiys jewlouqy
uoLjoIejuL
UOLIBAR]D [S UOU UYILM DY

wexs
uo AjntqowdadAy juiop
‘snjLuul} pue buruasiom
1esn3sod yim uted 3asu
pue 3ydepesy 3IaAsS 135U
-U3ppnNs Yim sjuasaid
snjiqey Apoq prouepey

UY3m Sjew pjo-1edh-/g

eayiouLys
pue uow3aafut jea3ounfuod
Y3m uted 1e3Lqu0 7
40 s9postda y-1 yum
sjuasaid uew pjo-1eak-g4

sauojoutnb Jo ‘au)dfoes3s]

‘ssuowoy snouaboxs ‘y

ULWeLA ‘Sproul3as buisn

J0U SL 9ys ‘uotsuspadAy

‘sa3aqelp ‘autesbiw

JLUOJYD YILM UBLIOM
9s9qo Ajprgiow pjo-1eak-o¢

uted

1S3Y2 319A3S Jo apostds

Ue ym mou ‘asn ueiduiy

jusnbaiy yjm sutesbiw pue

‘suorjeiidied ‘uorsusiadAy
YILm uewom pjo-1eaf-+g

Burpeas pajsabbns
‘qurod Burysea)

SuoLjepUAWIWIO0IAI
juawieas)

aysepeay
pue J1wajsAs :sasouberq

suoljen)eas J1psoubelq

oLIRUIIS 3se) edtul))

(panuyuod) g a)qeL



17-40

Curr Treat Options Neurol (2022) 24

22

[96] 6102 ‘G2 JaquanoN
uo ‘oanvepy Jaye shep o1
‘so1anadesay] poojg 1eqoi9
Aq padojaasp ‘(103019%0A)

e3figxQ panoisdde-ya4 ayl

[6] sowm
auLIdopua0Inau alel Syl
4O BAOWSI J934E A0S

TItm saposida aydepesy

[€6] [26] Aunoe

uo burpuadap pawiopad
9q Aew Aydeisborbue
A1euoio) *suo3oad
eutbue juelLWOdU0D
sfemje jou st a1ay]
*passLw 3q Jou pjnoys
1ey3 Abojor3a detpied Jo

dLwiw sutesbiw e st styj

[16]

aydepeay Aiepuodas aney
P4LY3-3U0 JNOge ‘sydepesy
y3m Jusijedul pagiLwpe

uswom Jueubaid buowy

adAjouayd monoy

pinoys juawseas) *[06]
HdaN 4oy 19b6L13 uowwod

9SeasLp 199
9PPILS UL SIIUBAPE JUIIBY

JusWIeaI}
ayoepeay dujewoldwAs

[#76] uotsuedxs swnjoA

pue uotsuspuadAy jo13u0)

s306.49 ‘suezdui] proay

10328} YSLI JBJNISEA 1013U0)
uoruanijuL Aleuolod
snosuejnasad ‘uusdA)bosjiu

1enburigng :uotsnpaday

wnisaubey
1043u0d ainssaid pooig

yuLxojwnutjnjogeuo Jo jeu|
9SNIS3A0 UOLIRILPaW PLOAY
JLALSSpWL ‘pajedLpul

auLesby
9SBISLP 1192 APILS

ayoepeay
dejasspunyy Aiepuodss
ewolfdowolyd0ayd

suo329d eutbuy
aseastp Aisue Aieuoso)
eibjejeydad oetpie)

(S3¥d)
swoipuAhs Ayjedojeydsaus

3]1qLSI9AI 10LIB}SO4

(HdaN) ayoepeay
jua)stsiad Ajtep mapn

uLgojbowsay moj sjeanal Jg)

SSell Jeusipe

sjeana. bulbewt jeurwopqy
P93BAS]S SSULWE|0YIIed

‘saunydauejaw Areuuq

Jew.iouqe 3593 Ssa43S
pajeAd)d

Rpitw Ajuo sswAzus detpie)

9)qezdadde o3

SLJLULWEeSUBLY YIM dIN)

9)1qe3dadde pesy yyw
Kousysod
saujisuajuuadAy YIv14

1eaugswwAs ym uteiq TYW

sbeyy pas Aue JL uteiq TYW
sajedo sselb

punoib paxiw smoys yxJ

aALebau jaued jeatp

wexa 1eatbojoinau
1ew.oN "saydepeay
autesbLw dLuoIYd Ym
sjuasaid aseastp 1192
APILS YIM Uew Plo-1edk-/T
oeRe
Buunp pajeas)s st a3es
Jeay pue ainssaid poolg
‘buigeams pue suorzejidjed
Aq patuedwodoe ‘Ajjueisut
Ayisuaiut jewixew ym
ulw g1 >buiyse) sydene
aydepeay yam syuasaid
uewom p)o-1eaf-6¢

EHBIENC]
1eatsAyd buunp burunddo
ainssaid eusaisgns pue
aydepesy snouteibiw
195U0-M3U Yim sjuasaud
sa39qeLp pue A3saqo
UM uew pjo-iedh-vg

aydepesy pue
‘ainzis ‘uotsuspadAy ym
%2 %99Mm Jeuole3sab e

uewom jueubaid pjo-1esh-g¢
U3eaiq JO SSauoys pue
“I9A34 “)13WS ‘915e) JO SSO)
‘ybnod yim buoje shep g
uLyIim Julstsiad swedaq
Jey3 ayoepeay AjLep
opesb-mo) yim sjuasaid
s933qeLp ‘ad0) Asaqo

3SOW 3y} St SSAUNIL RALA  SE Jusw3eas} QINOD pa3sbie] 61-0IA0D aamsod buryssy QIA0D Ym uew pjo-Ieak-09
Burpeas pajsabbns SuoL}epuaWWoIAN aydepeay
‘qurod Burysea) juswieas] pue dwwd)sAs :sasouberg  suorjenjead duysoubelq OLIRUDIS dSEI jedtul))

(panuyuod) g a)qeL



23

17-40

Curr Treat Options Neurol (2022) 24

uotsuanRdAy

butuasiom pue saydepeay

Arepuodas 03 9)ns 01

K)as0)d palojiuow aq

pInoys jusalied ‘sixejAydoud

auLesbLw 10} paISPLSUOI
3Q ued S19%20]g-e}og

[66] Adeiayy

19)91e)d13ue 03 puodsal

Rew pue ‘uoljealjoe

19)93e1d 40 AB1ae 19dLU

03 anp Ajqissod ‘gsy jo

3INs0]2 snoaueindlad

Buimonoy paquasap

SL eane Yjim autesbLw
Pa3eqIaIeXd J0 }3SUO-MBN

[86] autesbrw Jipostds

03 JLUOAYD WOJ UOLSIDASI

utL Jynsas Aew uorusAISluL
do9)s jesotneyaq paiabiel

[26]
ainssald jetueideijul abeuepy
[€] sutesbrw dtuoiyd 03
olpostds Loy uotssaiboud
J0 ysu 193eaub st a1yl
“19y39b03 4n220 suorjLpuod
fiojeirdsar pue uted usym

L paJapLsuod
9q Aew suejdu) *sqvISN
PLOAB ‘JUBW]EaI} 9INJE 104
"VIL ‘VdA ploay “bunjqestp
s1 Aouanbayy sutesbiw

31 S19x20]q-€39q Mels

uoLjedtpaw je123e1d1uy

VdA ‘¥)L 13pisuo)
Adessyy jesoiaeyaq sAL3Lubo)
auaLbAy dss)s

SPLOJ3}S
Riqissod pue soisabjeuy

saLbuane ‘suyisnuts
40 Juswabeuew 3s07)
uted 3oeq M0] 1043U0)

auLesbry
uotsuapadAy
paonput Adueubaiyd

eine ym autelbiy
asv

sutesbLw duoiy)
VSO pue eLuwosug

si3Lbutuaw snojewoutdie)

aseastp Aiojesrdsay
uted prgiowo)

aALebau

Apn3s 21qqng oyas JeLp.ie)
aALebau dn-yiom

sqe] 9)qe)nbeodsadAy

aasod ysQ 404 butusaug
aALebau
uotssaidap 104 butussidg

£60103/0
uo s7192 jueubrjew yim 4S)

Kyasnyip
sebutusw Jo Juswadueyud
JewJouqe S)eaAdl uLelq TYW

aseastp snuisesed pjLw

SMOYS 1Seijuod jnoyiim pue

uLelq TYW ‘s3s93 uolyduny
Aieuow)nd jewsouqy

uotsuanadAy 39suo

mau sdojaAsp pue jueubaid
S9WO023q aydepeay auteibLw

Y3lm uewom pjo-1eah-p€

eane juanbayy
pue sutesbiw ypm sjussaid
aInsop (SQy) 1349p
1e3das-1eLi3e Jusmiapun
oYM UBWOM P]O-1edA-€€
Aouanbauy
aulelbLw uL asealdul pue
da91s pauasiom padLjoN
*$10559.135 U YILM
eine noym sutesbrw
apostda Aduanbaiy-ybiy
pue ‘eruwosut ‘qSld
ULm Sjew pjo-sedh-Ggy
uoLsLA 3)gnop
1EJLHSA pUB ‘U0LSNU0D
‘ayoepesy butussiom
ym syuasaid suoq 03
J13e)SeIaW JIJURD JSB3Iq
yam pasoubetp Ajsnotraud
uewom pjo-1eahk-g/

sayoepeay aulelbiw

JLpostds siayns osje
ewyjse ‘uted ydeq dtuoiyd

Ym uew pjo-1eak-+g

Burpeas pajsabbns
‘qurod Burysea)

SuoLjepUAWIWIO0IAI
juawieas)

aysepeay
pue J1wajsAs :sasouberq

suoljen)eas J1psoubelq

oLIRUIIS 3se) edtul))

(panuyuod) g a)qeL



17-40

Curr Treat Options Neurol (2022) 24

24

papaau se yyd ‘ploe dloidjeA 4/ ‘yues

-saidaplaue 212/0uU3 i) ‘uldloid SAL3IB3I-) 4y) ‘91ed uoleuswLpas 93Ad01y3hus ys3 ‘sbnup Alojewwepul-1jue jeplossisuou sgrysy ‘butbewt sueuosas dLubew yw

[to1] ouews)qoud

st Aouanbauy yoe1ze sutesbiw

41 uorzeatpaw d13oejAydosd

10 9JN2E JURILWOIUOD YFIM

pa3esas3 aq pjnoys inq
ayoepeay arosdwl Aew 4yd)

9JUDPLAD
butbewt pue jestur)d o3 sanp
eLaud 393w Aew ‘[€1]
aydepeay 4o asned e se
pajepljeA Jou st Y d)lym
‘ayoepeay dLuabodLAI)

sixejAydoud suteibiy
sso] yboam
dvd)

AyzedoyaAw aatssaiboid
pue A3LLqe3sul 1edtAId
loj JojLuow 03 papasu
9q Aew buibewl jeuss

‘uojewwepul sonpau djsy
Rew si031qiyul 2-x0D Yam
$an21 oyewoydwAs [00t1]
uted 9Jnpai 03 UMOUY U]
aney sjuabe jeatbojolq pue

Adeiay bulAypow-aseasiq

sutesbLy
uotsuapadAy
ayoepeay Aiepuodas
eaude da9)s aAL3ONIISqQ

SLLIYLE pLojewnays

‘3ydepeay JLuabodIAIR)

02 xapul esudodAy-eaude

*10J0B} PLOJRWINSYL DALILSO]

Buuous spodau ssujied

pag -aydepeay butuiow

‘3dUl0UWOS BWLIAep YILm

sjuasaid uotsuspadAy

pue sutesbiw jo Aio3sty
YIm uew pjo-1eak-gg9

Sjeanas wesbouwosAjod
ybry a102s
alteuuolysanb bueg-4oLs

NRE
3U3 JO uolIe3OL |RIDI.] LM
9siom pue burqqoiyy ale
ey} sayoepesy buijelpes
pue uLed 23U 319ASS
pue SiLiye plojewnayl
Ym uewom pjo-1eal-+9

uorjew.oy snuued smoys
uLeiq TYW dutds 1eatas)

Burpeas pajsabbns
‘qurod Burysea)

SuUOL}IEpPUIWILIOID
judwjieas] pue dLwd)shAs sasoubelq

aydepeay

suoljen)eas J1psoubelq oLIRUIIS 3se) edtul))

(panuyuod) g a)qeL



Curr Treat Options Neurol (2022) 24: 17-40 25

Migraine, as a primary headache, may be associated with comorbidities
including systemic disease with a worse prognosis. Several systemic condi-
tions may act as risk factors for transformation from episodic to chronic
migraine [4]. This is important because longitudinal cohort studies such as
the Chronic Migraine Epidemiology and Outcomes (CaMEO) and Ameri-
can Migraine Prevalence and Prevention (AMPP) studies have established
more severe headache-related disability in those with chronic versus episodic
migraine, with up to a 3.63 times greater rate of disability days per month
[5, 6]. In a further analysis of the CaMEO study, when comparing individu-
als with migraine and the highest comorbidity burden with the subgroup
with the fewest, there was a greater proportion of individuals with severe
disability [7]. Further research is needed to assess prognostic and biological
differences in migraine management based on comorbidity profiles. Based
on the literature, we discuss several systems in which headache may be asso-
ciated with systemic disorders or associated with primary headache, most
commonly migraine.

Gastrointestinal Disorders

Individuals who regularly experience gastrointestinal symptoms have a higher
prevalence of headache [8]. ICHD-3 does not define headache secondary to
gastrointestinal disorders. However, nausea and vomiting are defining fea-
tures of migraine, and both abdominal pain and cyclic vomiting are migraine
subtypes that are often misdiagnosed. Patients with irritable bowel syndrome
have been shown to have increased risk of coexisting headache; the comor-
bidity may be explained by shared pathological mechanisms of migraine
[9]. Gastroparesis has also been reported with migraine [10]. The benefits of
probiotics are understudied for migraine.

For systemic disease, a small study found that a gluten-free diet in four
patients with celiac disease decreased reported migraine frequency, dura-
tion, and intensity; this may suggest a shared pathogenic relationship but
needs further investigation [11]. In inflammatory bowel disease, a heightened
immune response increases levels of pro-inflammatory cytokines which may
contribute to the increased prevalence of headache among these patients [12].
In terms of medications, proton pump inhibitors, notably esomeprazole and
lansoprazole, may cause headache especially in susceptible individuals.

Cardiovascular Disorders

Acute and Chronic Arterial Hypertension

Headache is common in hypertensive urgency, occurring in 42% of patients
in one study [13]. According to ICHD-3, headache should be attributed to
hypertension only if measured systolic blood pressure>180 mm Hg and/or
diastolic pressure>120 mm Hg, and there is evidence of causation by either
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development in temporal relation to the onset of hypertension or significant
worsening or improvement in parallel with relative worsening or improve-
ment in blood pressure.

Regardless of the underlying reason for the hypertensive crisis, the head-
ache is often bilateral in location and pulsating in quality [1], and the mecha-
nism causing head pain during acute hypertension is thought to be the same.
Pathologic changes occur at the limit of compensatory cerebrovascular vaso-
constriction, which acts to prevent hyperperfusion as blood pressure rises
[14]. This presentation may be complicated by posterior reversible encepha-
lopathy syndrome (PRES). One prospective study found headache occurred
in 73% of PRES cases [15].

Based on ambulatory blood pressure monitoring correlations with head-
ache diaries, blood pressure variations in those with mild and moderate
chronic arterial hypertension did not correlate with occurrence of headache
[16, 17]. In a recent prospective study of 29,040 women without hyperten-
sion with a mean follow-up for 12.2 years, women with migraine were found
to have a higher relative risk of developing hypertension (with aura 9%,
without aura 21%, past history 15%) than those without migraine [18]. In
the Northern Manhattan Study, hypertension, predominantly uncontrolled
and of long duration, was associated with migraine with and without aura,
in a predominantly Hispanic community-based cohort [19]. In addition,
headache is an adverse side effect of cardiovascular medications use to treat
angina and hypertension, including nitrates (nitroglycerin), calcium channel
blockers, and angiotensin-converting enzyme inhibitors; these often display
a dose-dependent effect.

Autonomic Dysfunction

Headache is a common symptom of autonomic dysregulation. When head-
ache occurs in a patient with complete or incomplete spinal cord injury,
the patient should be presumed to have autonomic dysreflexia until proven
otherwise. Headache can also be a presentation of autonomic dysfunction as
seen in orthostatic hypotension, including postural orthostatic tachycardia
syndrome (POTS).

A coat-hanger distribution of pain affecting the neck and shoulders may
be indicative of orthostatic hypotension. In one study of patients with POTS,
two-thirds of patients interviewed experienced orthostatic headache, more so
in those less than 30 years old; almost all patients interviewed experienced
migraine headache [20]. Another study found that in adolescents with head-
ache and lightheadedness referred for tilt table testing, headache type did not
predict POTS diagnosis, although new-onset motion sickness and dizziness
preceding orthostatic headaches were significantly associated with presence
of POTS [21]. In patients presenting with these features, this diagnosis should
be considered; and the comorbid headache in those with POTS should be man-
aged accordingly. Treatment includes a high-salt diet, propranolol, fludrocortisone,
midodrine, and possibly exercise training. Patients with comorbid migraine
may particularly benefit from beta-blockers [22].
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Migraine and Cardiovascular Disease

Migraine has been associated with an increased risk of cardiovascular dis-
ease; it is estimated there are approximately 2.6 million adults with episodic
migraine and one or more cardiovascular event, condition, or procedure in
the USA [23]. The risk of ischemic stroke in individuals with migraine with
aura is doubled; the underlying risk factors may be due to endothelial dys-
function, thromboembolism, hormonal influences, and genetic disposition.

An individual’s risk of vascular events should be considered when pre-
scribing migraine prevention and abortive treatments. Treatments may be
chosen to target both disease processes; in hypertensive patients, the use of
beta-blockers, angiotensin-converting enzyme inhibitors, and angiotensin II
receptor blockers for migraine prophylaxis may be helpful.

According to label, triptans are contraindicated in uncontrolled arterial hyper-
tension, coronary artery disease, and after a cerebrovascular event. However, 5HT,
and CGRP antagonists are new specific and non-vasoconstrictive acute medica-
tions that may be safer for treating migraine in individuals with high cardio-
vascular risks. For example, in one study, there was no statistical difference in
lasmiditan efficacy or frequency of likely cardiovascular adverse events based on
presence of cardiovascular risk factors [24]. For CGRP antagonists, also known
as gepants, both ubrogepant and rimegepant are migraine specific acute treat-
ment options, while rimegepant and atogepant are approved for prevention [25].
With regard to prevention using antibodies against CGRP or its receptor, although
CGRP plays a role in regulation of blood pressure [26], no serious cardiovascu-
lar concerns have been disclosed with any of these drugs [27]; still, erenumab
has been linked with new-onset or worsening hypertension. A recent review out-
lines potential risks of migraine treatment in vascular disease and discusses these
options in detail [28].

Gynecological

Pregnancy and Puerperium

In any woman presenting with headache during pregnancy or the puerper-
ium, it is imperative to first consider secondary etiologies although primary
headache is common. In one retrospective analysis of women presenting to
a tertiary care center, 73% were diagnosed with a secondary headache dis-
order. The most common was a post-dural puncture headache, followed by
postpartum preeclampsia and other cerebrovascular disorders.

Headache is considered one of the most common neurologic manifes-
tations of hypertension in pregnancy and is important to further evaluate
given the tendency for hypertensive disorders lead to significant morbidity
and mortality [29]. In one case-control study, headache was significantly
more frequent in those with pre-eclampsia than in controls (OR 4.95) [30].
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Headache has also been found to be the most frequent symptom (87%) pre-
ceding stroke in a review of preeclampsia pregnancy-related deaths [31]. The
headache that occurs is usually bilateral in location, pulsating in quality, and
aggravated by physical activity [1]. Treatment of the pre-eclampsia or eclamp-
sia will result in resolution of the headache. Meta-analyses and prospective
studies suggest occurrence of headache does not portend adverse outcomes
and should not be used as a diagnostic “severe feature” [32, 33].

Other Gynecological Considerations

Estrogen-containing medications, including oral contraceptives, patch, vaginal
ring, and hormone replacement, although can improve headache in some cases
is known to cause or worsen headache in susceptible patients. On the other hand,
valproic acid used for migraine prevention can lead to polycystic ovarian syndrome.

Pulmonary Disorders

Headache can be commonly seen with a number of respiratory disorders
such as OSA, asthma, and COPD. In addition, when respiratory disease and
psychiatric disorder coexist, high rates of chronic migraine are observed [7].
We focus on OSA, a condition that commonly presents in neurology clinics.

Sleep Apnea Headache

Obstructive sleep apnea (OSA) may be the cause of a headache present on
awakening from sleep, with usually a bilateral location, pressing quality, and
a duration of less than 4 h. Headaches recur on at least 15 days per month
and are not usually accompanied by nausea, photophobia, or phonophobia
[1]. The prevalence is 12-18% in those with sleep apnea [34]. Other sleep-
related respiratory disorders and primary sleep disorders may also present
with headache upon awakening and should remain in differential diagnosis.

The prevalence of morning headache has been shown in some stud-
ies to be higher in those with severe compared to moderate OSA based on
apnea-hypopnea index (AHI) grading [35, 36]. Others have not found signifi-
cant increased risk of morning headache based on AHI, blood oxygen satura-
tion parameters, or arousal index [35, 37]. suggesting that oxygen desatura-
tion alone cannot explain the pathophysiology of this secondary headache
disorder [34]. Both headache and sleep disorder may be manifestations of
the same systemic dysfunction of homeostasis, attributed to hypoxia and/or
hypercapnia, although this remains to be elucidated [38].

Headache associated with OSA may resolve after treatment initiation after
diagnosis with a polysomnography [39]. In one study, CPAP therapy improved
both sleep apnea and headache in only a third of participants [40], although
in another, nasal CPAP resolved headache in 90% of participants [36].
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Migraine and 0SA

OSA appears to occur at the same rate in migraine as the general popula-
tion [41], but is worth addressing in migraine patients as it is a modifiable
vascular risk factor [42]. Snoring and other sleep disorders are risk factors for
migraine progression [43]. Screening, diagnosis, and management of these
sleep disturbances may be a crucial component of the therapeutic plan for
migraine management.

Metabolic and Endocrine Disorders

Headache can be associated with multiple endocrine disorders and can vary
in phenotype and pathophysiology such as intracranial hypertension or wors-
ening migraine. Endocrinopathies should be considered in cases of chronic
cluster headache or other trigeminal autonomic cephalalgias [44].

Headache can be associated with both hyperthyroidism, hypothyroidism,
and Hashimoto's thyroiditis. Headache secondary to hypothyroidism occurs
in about one-third of patients diagnosed with the endocrinological derange-
ment [45] A prior history of migraine is more frequent in these patients
[45, 46]. The underlying mechanism for headache attributed to hypothyroid-
ism remains unclear.

Patients with headache as a component of their manifestations of hypo-
thyroidism will not differ clinically with respect to the remainder of symp-
toms compared to those without headache (with the exception of hoarse-
ness which was more frequent in those with headache) [46]. Presenting
complaints including fatigue, constipation, cold intolerance, skin changes,
decreased concentration, and examination may reveal bradycardia, dimin-
ished pules, increased BMI, or delayed relaxation of deep tendon reflexes.

Correction of the hormone derangement with levothyroxine will result in
relief or complete remission of headache in the majority of patients; headache
has shown to decrease in intensity and duration within the first 2 weeks of
treatment [45]. The degree of hypothyroidism (subclinical versus overt dis-
ease) does not seem to affect potential for improvement with levothyroxine
treatment [46].

Metabolic syndrome may be associated with migraine [47], but not diabe-
tes [48]. Individuals with migraine who are obese or overweight may be at risk
of experiencing increased frequency of attacks and progressing from episodic
to chronic migraine. In the CaMEO study, chronic as opposed to episodic
migraineurs were 34% more likely to be obese. As obesity is a potential modi-
fiable risk factor, clinicians should consider weight management as a par-
ticularly useful component of the migraine treatment plan. Therapy should
include nutritional and dietary education, exercise strategies, and behavioral
interventions. Weight loss may be challenging in some patients with systemic
disorders such as PCOS. If migraine and obesity are comorbid, weight neutral
drugs such as topiramate should be considered and common drugs associ-
ated with weight gain (valproate, amitriptyline, propranolol, etc.) avoided.
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For pseudotumor cerebri, headache is a direct consequence of increased
intracranial pressure. However, systemic inflammation associated with obe-
sity can be migraine-triggering so treating with migraine prophylaxis and
specific therapies is beneficial. Weight loss, correction of metabolic distur-
bance, removal of the inciting agent, or treatment of the underlying causative
disorder may not be sufficient to normalize the high intracranial pressure.
Additionally, diuretics are often required to relieve headache and other symp-
toms and to prevent vision loss.

Rheumatologic Disorders

Headache is a common manifestation of autoimmune disorders, with focused
or systemic inflammation. Conditions that may cause headache may vary
from systemic lupus erythematosus (SLE) and related conditions, vasculitis
which may be primary or secondary, or systemic vasculitides. Treatment with
steroids of immunomodulators may not be enough to treat headache; sys-
tematic treatment with analgesics are often needed. Migraine has previously
been shown to be more prevalent in patients with primary Sjogren’s syn-
drome, scleroderma, SLE, and rheumatoid arthritis as compared to controls;
there may be a significant association between Raynaud’s phenomenon and
migraine [49]. In addition to steroids (and analgesics), steroid-sparing agents
are often necessary for prolonged remission.

Temporal Arteritis

Temporal arteritis should be considered in older patients greater than 50 with
new-onset headache. Temporal arteritis is commonly associated with polymy-
algia rheumatica and jaw claudication. The headache of temporal arteritis is
sometimes missed because the headache be present beyond the temples, also
involving the frontal, vertex, and occipital regions [50]. In addition to blind-
ness, patients may have vascular complications such as ischemic stroke if not
effectively treated with steroids urgently. We suggest an initial treatment with
the equivalent of prednisone 1 mg/kg (maximum 60 mg/day) administered
in a single daily dose and pulse intravenous methylprednisolone for patients
at risk of with established visual loss [51].

Systemic Sarcoidosis and Neurosarcoidosis

Neurologic manifestations are relatively rare in the multisystem granuloma-
tous disorder of systemic sarcoidosis, but patients may develop headache
and stroke-like symptoms during presentation [52] and reported migraine
headache more commonly than healthy controls [53].

In neurosarcoidosis, headache was the second most commonly reported
feature (32%) after cranial neuropathy (55%) [54]. For patients in which
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headache was the presenting manifestation of neurosarcoidosis, half had clin-
ical characteristics suggestive of Tolosa-Hunt syndrome while in the remain-
der headache was tension-type and without other neurologic symptoms [55].
Classical imaging finding include leptomeningeal, pituitary, hypothalamic,
and the brain parenchymal involvement. Steroids are first-line treatment,
which may improve secondary headache, and the addition of steroid-sparing
agents is often necessary [56].

Systemic Lupus Erythematosus

Headache attributed to SLE may occur but is not considered as a present-
ing or prominent symptom of the disease and is not sufficiently validated
to be defined in the ICHD-3. Still, headache is commonly one of the non-
specific symptoms with which an SLE patient may present. Some studies
reveal migraine, especially with aura, is more common in patients with SLE
than controls [57], although others show no significant difference [58]. In
a cohort of 1732 patients, there was no association between headache and
immunosuppressant drugs or the presence of specific autoantibodies [59].
Importantly, SLE patients may be hypercoagulable and are therefore at risk
of cerebral venous sinus thrombosis (CVST). There is insufficient data on
headache treatment, but acetazolamide may be considered as well as standard
migraine treatments (i.e., tricyclic anti-depressants, topiramate, onabotuli-
numtoxinA injections, SNRIs). In SLE patients, serious headache may be an
important indicator of CNS infection or cerebral vasculitis.

Aseptic Meningitis

Rheumatologic diseases including sarcoidosis, Behcet's disease, Sjogren's syn-
drome, SLE, and granulomatosis with polyangiitis may result in headache
due to meningeal involvement, though aseptic meningitis can also be due
to other etiologies such as drug-induced (most commonly due to NSIADs,
antibiotics, IVIG, and monoclonal antibodies) or neoplastic processes [60].
Patients may suffer accompanying nausea, neck stiffness, and photopho-
bia. CSF reveals pleocytosis with no evidence of bacterial infection, fungal
infection, or malignancy; MRI may reveal meningeal enhancement [61].
In the case of CSF high pressures, serial lumbar punctures, acetazolamide,
or topiramate may be helpful. This condition may be self-limiting; how-
ever, shunting may be necessary in severe cases of chronic meningitis with
impending blindness.

Other Rheumatological Disorders: Connective Tissue Disease and CSF Leaks

In US populations, connective tissue disorders are a common (16-38%)
cause of for patients found to have spontaneous intracranial hypotension
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[62]. In Marfan syndrome, Ehlers-Danlos syndrome, autosomal dominant
polycystic kidney disease, and benign joint mobility syndrome, dural weak-
ness may predispose to CSF leakage. Therefore, one should evaluate for subtle
manifestations of a variety of connective tissue disorder in these cases and if
present an epidural blood patch may be therapeutic [63]. An updated diag-
nostic criteria for this headache was proposed in 2017 [64]. In those already
diagnosed with a connective tissue disease, postural headaches should raise
suspicion of spinal meningoceles with or without CSF leak [65].

Hematological Disorders

Iron Deficiency Anemia

Sickle Cell Disease

Patients with iron deficiency anemia (IDA) have a high frequency of head-
ache, and specifically migraine; one questionnaire-based study revealed
almost 80% of IDA patients had headache during their lifetime and 36% met
criteria for migraine [66]. A recent case-control study found an association
between IDA, hemoglobin levels, and serum ferritin levels and the incidence
of migraine in female but not male patients [67]. One randomized controlled
trial found a significant improvement in headache after iron supplementation
in iron-deficient blood donors [68].

Headache and facial pain may be common in patients with sickle cell disease
(SCD); primary etiologies are common, but secondary etiologies must be
investigated given potential for significant morbidity and mortality. Second-
ary causes of headache and facial pain in SCD include vascular etiology, bone
infarcts (including facial, skull, and subperiosteal), orbital compression syn-
drome, osteomyelitis, dental and periodontal, PRES, and neuropathic pains
[69]. At least in children with SCD, headache or migraine was associated with
lower hemoglobin and higher pain event rates, but not silent cerebral infarc-
tion [70]. In a large case-control study, headache was of increased prevalence
in children but not adults with SCD. Regular blood transfusions have not
been shown to reduce headache frequency [71].

Other Hypercoagulable States

Patients with suspicion for a hypercoagulable state who present with head-
ache must be evaluated for secondary causes of headache. The most common
presenting feature of CVST is headache (up to 89.4%) [72]. The headache in
CVST is most frequently subacute, diffuse, and increases in intensity over time;
it worsens with maneuvers that increase ICP and may be refractory to com-
mon analgesics [73]. In one large population-based case-control study, those
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with the combination of headache and high intrinsic coagulation protein
levels were shown to have an increased risk of ischemic stroke than was based
on the effect of headache or high levels alone [74]. Estrogen-containing oral
contraceptives should be avoided as well as non-steroidal anti-inflammatory
drugs with concomitant anti-coagulation use.

Infectious Etiologies

Headache may present as a manifestation of systemic or CNS infection,
including rhinosinusitis, influenza syndromes, meningitis, encephalitis, or
brain abscesses. Headache attributed to infectious meningitis or encephalitis
should be suspected when associated with fever, neck stiffness, light sensi-
tivity, nausea, and vomiting. The ICHD-3 recognizes headache attributed to
systemic infection or new daily persistent headache (NDPH), which becomes
continuous within 24 hours of onset and is commonly preceded by a viral
prodrome. The treatment of NDPH may be challenging but includes includ-
ing muscle relaxants, triptans, tricyclic antidepressants, onabotulinumtoxinA,
SSRIs/SNRIs, and antiepileptic drugs [75].

SARS-CoV-2 (COVID-19)

In recent reports of hospitalized patient diagnosed with COVID-19, headache
was reported in 11-34% of hospitalized patients [76]. The CDC includes
headache in an expanded list of possible symptoms. One hospital found
COVID-19-related headaches to be of new onset, moderate to severe inten-
sity, and bilateral with a pulsating or pressing quality in the temporoparietal,
forehead, and periorbital regions; headache was poorly responsive to com-
mon analgesics and was limited to the active phase of illness [76]. Based on
others’ experience, in the acute phase, headache can appear as attributed to
systemic viral infection, associated with cough headache, or tension-type;
headache may emerge during a second phase of cytokine storming [77]. In
patients with prior diagnosis of migraine disorder, severe persistent headache
may be an early symptom [78]. Headaches associated with personal protec-
tive equipment among frontline healthcare workers may occur as a new onset
or an exacerbation of a pre-existing headache disorder [79]. Remdesivir is
indicated for moderate to severe COVID-19 infection with respiratory com-
promise; however, headache specific recommendations are lacking. Initially,
renin-angiotensin system inhibitors, for hypertension and migraine preven-
tion, were thought to potentially complicate outcomes; however, new studies
suggest no evidence of harm. NSAIDs were also advised to use with caution;
however, there is no evidence to support and may provide analgesia for severe
headaches. Furthermore, mechanistic and therapeutic studies are needed for
better management of persistent headache along with other symptoms, also
known as long COVID or post-acute sequelae SARS-CoV-2 infection.
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In acute stage of Lyme disease, many patients have nonspecific symptoms
including headache, fatigue, arthralgia, and myalgia. Recent-onset headache
occurred in more than half in a study of patient’s hospitalization for neuro-
logic Lyme disease; with the majority of these meeting criteria for meningitis
or encephalitis with abnormal CSF evaluations [80]. There have been cases
published of Lyme disease presenting with Raeder paratrigeminal neuralgia
[81, 82]. In the chronic stage, nonspecific symptoms such as persistent head-
ache do not indicate active infection [83]. Persistent headache due to lyme
may be difficult to treat and may respond to NSAIDs, anti-depressants, SNRIs,
or anti-convulsants. Stabbing headache if present may respond to gabapentin,
pregabalin, or NSAIDs.

Human Immunodeficiency Virus

Headaches are the most commonly reported form of pain among patients
with human immunodeficiency virus (HIV) [84]. The etiology of headache
in patients with HIV infection may be multifactorial; a secondary etiology for
headache can occur at any time during infection. Headache related directly to
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ache symptomatically. When headache persists, migraine treatments may be helpful if migraine co-exists or if the phenotype
resembles migraine. The description of pain may be useful to guide treatment such as the presence of neuropathic symptoms
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the HIV infection includes an acute meningitis seen during seroconversion, dur-
ing symptomatic HIV, and after an AIDS-defining illness. Alternatively, head-
ache may be a manifestation of an underlying opportunistic process, infection-
related malignancy, medications used for treatment, and immune restoration
inflammatory syndrome [85]. In patients with migraine and HIV, triptans
should be used cautiously as they may interact with antiretroviral therapies.

Management Considerations

Headache associated with systemic disorder may be due to new-onset head-
ache, an exacerbation of pre-existing headache disorder, or treatment. When
treating the systemic disorder does not resolve headache, the treatment
approach should be based on the phenotype it most resembles and manage-
ment of underlying primary headache disorders such as migraine (Fig. 1)
[25]. Treatment may vary between acute and preventive pharmacological
options depending on disability but are considered off label. Lifestyle (physi-
cal activity, sleep hygiene, dietary factors) or non-pharmacological interven-
tions such as relaxation therapy, cognitive behavioral therapy, or neuromodu-
lation devices should be considered.

Many complex systemic disorders that are associated with headache are
often excluded in clinical trials; real-world studies are needed to determine
safe and efficacious treatment options. Overlapping conditions can contrib-
ute to increased cumulative disease burden, and treatment of headache may
improve outcomes and quality of life. A comprehension approach with coor-
dination of care is essential.
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