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1. Giris

Anemi, viicuttaki oksijen tagima kapasitesinin azalmasina neden olan,
hemoglobin diizeylerinin yas ve cinsiyete gore normalin altina diismesiyle
tanimlanan bir durumdur (WHO, 2011). Anemi tek bagina bir hastalik olmayip
altta yatan bir nedenin sonucu olarak ortaya ¢ikan bir sendromdur. Etiyolojisi
oldukc¢a genis olan anemi; yetersiz eritropoez, artmis eritrosit yikimi (hemoliz)
veya kan kaybima bagli olarak gelisebilir (Camaschella, 2015). Bu sebep ile
aneminin degerlendirilmesi her zaman sistematik ve ¢ok boyutlu bir yaklagim
gerektirir.

Diinya genelinde 6zellikle kadinlar, ¢ocuklar, adolesanlar, yash bireyler ve
gebeler arasinda yiiksek prevalansa sahip olan anemi, toplum sagligi iizerinde
ciddi etkiler yaratmaktadir. Diinya Saglik Orgiitii’'ne gore diinya niifusunun
yaklagik %25’inde anemi bulunmaktadir ve bu bireylerin ¢ogu disiik-orta gelirli
tilkelerde yasamaktadir (WHO, 2021). Tiirkiye gibi gelismekte olan tilkelerde de
anemi, Ozellikle demir eksikligi nedeniyle sik goriilmekte; kadin sagligi, cocuk
gelisimi ve yasli sagligi gibi temel halk saglig1 alanlarini dogrudan etkilemektedir
(TNSA, 2018).

Anemi, yalnizca fizyolojik fonksiyonlar1 degil; ayn1 zamanda bireyin yasam
kalitesini, is giiciinii ve biligsel kapasitesini de olumsuz yonde etkileyebilir.
Anemi ozellikle ileri yastaki bireylerde kardiyovaskiiler hastalik riskini artirarak
olim oranlarim yiikseltebilmektedir (Gaskell et al., 2008). Ayrica, ¢ocukluk
cagindaki demir eksikligine bagli aneminin; 6grenme giicliikleri, gelisimsel
gerilik ve davranis bozukluklari ile iligkili oldugu gosterilmistir (McLean et al.,
2009).

Birinci basamak saglik hizmetlerinde aneminin tani, tedavi ve izleminde ilk
temas noktasidir. Aile hekimligi disiplini, bireyi yalnizca biyomedikal
parametrelerle degil, ayn1 zamanda sosyal, cevresel ve psikolojik yonleriyle de
degerlendirerek kapsamli bir yaklasim sunar. Bu baglamda, anemiye yaklagimda
anamnez, fizik muayene, temel laboratuvar testleri ve uygun yonlendirme
stratejileri aile hekiminin klinik pratiginde 6nemli yer tutar (Clark, 2008).

Aile hekimleri, aneminin temel nedenlerini ve bu nedenlere bagli gelisen
patofizyolojik siiregleri anlamak ve uygun tani basamaklarin1 uygulamakla
sorumludur. Bu kapsamda etyopatogenez ve tani siireci, etkili hasta yonetiminin
temelini olusturur (Camaschella, 2015).



2. Anemi Epidemiyolojisi

DSO’niin 2019 verilerine gore diinya genelinde yaklasik 1.6 milyar kisi
anemiktir. Bu durum, diinya niifusunun yaklasik %22’sine tekabiil eder. En
yiiksek prevalans, 6—59 aylik ¢ocuklar (%42,6), gebe kadinlar (%40,1) ve tireme
cagindaki kadinlar (%29,9) arasinda goriilmektedir. Erkeklerde anemi prevalansi
ise daha diistiktiir (%12,7) (WHO, 2021).

Anemi, siklikla yetersiz beslenme, enfeksiyon hastaliklari, kronik hastaliklar
ve genetik hemoglobinopatilerle iligkilidir. Gelismekte olan iilkelerde demir
eksikligi en sik neden olurken, gelismis iilkelerde kronik hastaliklara bagli anemi
daha yaygindir (Kassebaum et al., 2014). Tiirkiye’de anemi siklig, yas grubu ve
cinsiyete gore degiskenlik gostermektedir. Tiirkiye Niifus ve Saglik Arastirmast
(TNSA) 2018 verilerine gore, 6—59 aylik ¢cocuklarda anemi prevalansi %21,7,
gebe kadinlarda ise %27,8 olarak saptannmstir (TNSA, 2018). Ulkemizde
ozellikle diisiik sosyoekonomik diizeye sahip bolgelerde demir eksikligi anemisi
onemli bir halk sagligi sorunu olmaya devam etmektedir. Ayrica, ileri yas
grubunda da anemi yaygindir ve gogunlukla kronik hastaliklar, malabsorpsiyon
sendromlar1 veya B12/folat eksiklikleri ile iligkilidir. Tiirkiye’de yasl bireylerde
anemi sikligi %20-25 arasinda degismektedir (Oztiirk & Turgay, 2019).
Aneminin yiiksek prevalansi ve ¢ok cesitli nedenleri, birinci basamak saglik
hizmetlerinde calisan aile hekimlerinin bu durumu 6nleme, erken tani koyma ve
izleme yiikiimliiliiklerini artirmaktadir. Ozellikle risk gruplarinin tanimlanmasi
ve periyodik taramalar yoluyla aneminin erken donemde saptanmasi,
komplikasyonlarin dnlenmesi agisindan kritik 6nemdedir (Clark, 2008).

Aile hekimlerinin toplum tabanli veri kaynaklarini kullanarak aneminin yerel
diizeydeki yaygiligini ve nedenlerini belirlemesi, koruyucu saglik hizmetlerinin
planlanmasinda 6nemli bir adimdir. Ayrica kadin ve gocuk sagligi hizmetleri

kapsaminda verilen demir destegi programlar1 da anemi yiikiiniin azaltilmasinda
etkilidir.

3. Etyopatagonez ve Tam

Diinya Saglik Orgiitiiniin anemi tanimimna gore; hemoglobinin erkeklerde 13
g/dL"nin, gebe olmayan kadinlarda 12 g/dL*nin ve gebelerde 11 g/dL nin altinda
olmasidir.

Anemi, genellikle iic ana mekanizmadan biri veya birka¢1 sonucunda
gelisirmektedir.
-Yetersiz Eritropoez: Kemik iliginin yeterince eritrosit iiretmemesi. En sik
nedenleri arasinda demir, B12 veya folat eksiklikleri; kemik iligi yetmezlikleri ve
kronik hastaliklar yer alir (Means, 2016).



- Artmus Eritrosit Yikimi (Hemoliz): Eritrositlerin  yasam siiresi
tamamlanmadan  yikilmasi.  Otoimmiin  hemolitik  anemi,  kalitsal
hemoglobinopatiler gibi nedenlerle gelisebilir (Hoffbrand & Moss, 2016).

- Kan Kayb1: Akut veya kronik kan kaybi1 nedeniyle anemi geligebilir. En
yaygin nedenler arasinda gastrointestinal sistem kaynakli kanamalar yer alir
(DeLoughery, 2017).

Tani siireci, dikkatli bir 6ykii alma ve fizik muayene ile baslar. Ardindan
laboratuvar testleri ile desteklenir.Tam kan sayiminda hemoglobin, hematokrit,
MCV, RDW gibi temel parametreler degerlendirilmelidir. Periferik yayma hiicre
morfolojisinin degerlendirilmesini olanak saglar. Kanda serum demiri, ferritin,
TDBK ve transferrin satlirasyonu odlgiilerek demir eksikligi degerlendirilebilir
(Cappellini et al., 2020). Vitamin B12 ve Folat Diizeyleri makrositik anemilerin
tanisinda onemlidir (O’Leary & Samman, 2010). Retikiilosit sayis1 kemik iligi
yanitin1 degerlendirmek i¢in kritik 6neme sahiptir. Gerekli durumlarda Coombs
testi, hemoglobin elektroforezi, kemik iligi aspirasyonu gibi ileri testler yapilir
(Clark, 2008).

4. Anemi Siniflamasi

Anemi, ¢esitli nedenlere bagl olarak ortaya ¢ikan, hemoglobin diizeyinde
azalma ile karakterize bir durumdur. Aile hekimleri igin dogru tan1 ve uygun
tedavi planlamasi agisindan aneminin siniflandirilmas: biiyiikk 6nem tasir. Bu
siniflandirmalar, hem laboratuvar parametrelerine hem de klinik 6zelliklere
dayanarak yapilir (Camaschella, 2015).

1. Eritrosit MCV Degerine Gore Simiflandirma
Anemi, eritrositlerin ortalama hacmi (MCV) esas alinarak ii¢ ana gruba ayrilir:

- Mikrositik Anemi (MCV < 80 fL): Demir eksikligi, talasemi, kursun
zehirlenmesi (Cappellini et al., 2020).

- Normositik Anemi (MCV 80-100 fL): Kronik hastalik anemisi, akut kan
kaybi, hemolitik anemiler (Means, 2016).

- Makrositik Anemi (MCV > 100 fL): Vitamin B12 veya folat eksikligi,
alkolizm, hipotiroidizm (O’Leary & Samman, 2010).

2. Etiyolojik Nedenlere Gore Simiflandirma
Anemiler etiyolojilerine gore asagidaki sekilde siniflandirilir:

- Kan kaybina bagl anemiler: Travma, gastrointestinal kanama gibi akut ya
da kronik kan kayiplar1 (DeLoughery, 2017).

- Azalmig eritropoeze bagli anemiler: Demir, B12, folat eksiklikleri; kemik
iligi yetmezligi (Camaschella, 2015).



- Artms eritrosit yikimi (hemolitik anemiler): Kalitsal sferositoz, orak hiicre
anemisi, otoimmiin hemolitik anemi (Hoffbrand & Moss, 2016).

3. Klinik Seyrine Gore Siiflandirma
Aneminin baslangig siiresi ve klinigi, sinifflamada 6énemli yer tutar:

- Akut Anemi: Ani kan kayiplarinda ortaya ¢ikar; hipovolemi bulgulan eslik
eder.

- Kronik Anemi: Yavas gelisir; genellikle kompansatuar mekanizmalarla
tolere edilir (WHO, 2011).

Aneminin dogru bir sekilde siniflandirilmasi, altta yatan nedenin
belirlenmesini ve uygun tedavi yaklagiminin se¢ilmesini saglar. Aile hekimleri
bu smiflandirmalar1 kullanarak daha etkili bir hasta yonetimi saglayabilir ve
gerekli durumlarda ileri tetkik veya sevk kararlarin1 zamaninda alabilir (Clark,
2008).

5. Demir Eksikligi Anemisi

Demir eksikligi anemisi (DEA), tiim diinyada en sik goriilen anemi tiiriidiir ve
ozellikle kadinlar, cocuklar ve yaglilar arasinda yaygindir (WHO, 2011). Birinci
basamak saglik hizmetlerinde sik karsilasilan bu durum, gogunlukla yetersiz
beslenme, artmis gereksinim, emilim bozuklugu ya da kronik kan kaybi gibi
nedenlere bagh geligir (Camaschella, 2015). Aile hekimleri, DEA’nin tani, tedavi
ve takibini {istlenerek hastaligin komplikasyonlariin 6nlenmesinde kritik bir rol
oynar. En sik neden yetersiz demir alimi ya da kan kaybidir (Cappellini et al.,
2020). Risk gruplar1 arasinda regl goren kadinlar, gebeler, siit cocuklari, ergenler,
ve gastrointestinal sistem hastaligi olan bireyler yer alir.

1. Klinik Bulgular

DEA, baslangigcta asemptomatik olabilir. Klinik bulgular hemoglobin
disiikliigii diizeyiyle iligkilidir ve sunlar igerebilir:

- Halsizlik, yorgunluk, bag donmesi
- Solukluk
- Carpinti

- Buz yeme (pagofaji), dilde yanma, sa¢ dokiilmesi gibi spesifik bulgular
(Clark, 2008)

2. Tam

Tamda ilk adim hemogram incelemesidir. DEA tipik olarak mikrositik,
hipokrom anemi seklinde seyreder. Taniy1 destekleyen laboratuvar bulgulari:



- Diisiik hemoglobin ve hematokrit
- Diisiik MCV ve MCH
- Diisiik serum ferritin (en duyarli parametre)

- Artmis TDBK, diisiik serum demiri, diisiik transferrin satiirasyonu
(DeLoughery, 2017)

3. Ayirici1 Tam

DEA, o6zellikle talasemi tasiyiciligi, kronik hastalik anemisi ve sideroblastik
anemilerle karisabilir. Ayirici tanida periferik yayma, demir paneli ve gerekirse
hemoglobin elektroforezi yapilabilir (Means, 2016).

4. Tedavi
Tedavide temel hedef demir depolarinin yeniden doldurulmasidir:
- Oral demir preparatlar (ferro siilfat, glukonat vs.) ilk basamak tedavidir.

- C vitamini emilimi artirir; siit ve kalsiyum iceren iriinlerle birlikte
alimmamalidir.

- Tedaviye yanit 2-4 hafta icinde retikiilosit artistyla izlenir.

- Parenteral demir tedavisi; intolerans, malabsorpsiyon veya ciddi anemilerde
disiiniilmelidir (Camaschella, 2015).

6. Megaloblastik Anemi

Megaloblastik anemi, DNA sentezindeki bozukluk sonucu gelisen,
eritropoezde olgunlagsma gecikmesiyle karakterize bir makrositik anemi tiiriidiir
(Hoffbrand & Moss, 2016). Genellikle vitamin B12 veya folat eksikligine bagl
olarak geligir. Aile hekimleri, bu anemi tiiriinii tanimak, nedenlerini belirlemek
ve uygun sekilde yonlendirmekle ylikiimliidir (Akbulut, 2020).

Megaloblastik anemi, birinci basamakta dikkatle ele alinmasi gereken, tanisi
ve tedavisi ¢ogu zaman miimkiin olan bir durumdur. Aile hekimlerinin beslenme
Oykiistinii ayrmtili almasi, risk gruplarmi tamimasi ve zamaninda yonlendirme
yapmasi, komplikasyonlarm énlenmesinde kritik rol oynamaktadir.

Megaloblastik anemi genellikle asagidaki nedenlere bagli gelismektedir:

- Vitamin B12 eksikligi: Vegan beslenme, pernisiy6z anemi, gastrektomi,
Crohn hastaligi

- Folat eksikligi: Gebelik, alkolizm, yetersiz alim, metotreksat gibi ilag
kullanimi
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- Kombine eksiklikler: Ozellikle yaslilarda ve yetersiz beslenen bireylerde
(Camaschella, 2015; Celik et al., 2019)

1. Klinik Bulgular

Genel anemi semptomlarina ek olarak megaloblastik anemide:

- Glossit (dil iltihab1), ishal, istahsizlik

- Norolojik belirtiler (B12 eksikliginde): parestezi, denge bozuklugu, hafiza

sorunlar1

- Psikiyatrik belirtiler: depresyon, irritabilite (O’Leary & Samman, 2010;
Tagkiran et al., 2022)

2. Tam
Tan1 agagidaki yontemlerle konulur:

- Tam kan saymmi: Makrositik anemi (MCV > 100 fL), noétrofil
hipersegmentasyonu

- Serum B12 ve folat diizeyleri

- Homosistein ve metilmalonik asit diizeyleri (6zellikle subklinik B12
eksikliklerinde)

- Periferik yayma: Oval makrositler, hipersegmentasyon (Devalia et al., 2014)
3. Ayirict Tam

Alkol kullanimi karaciger hastaliklari, hipotiroidi ve ilaglar (&rn.
hidroksiiire)gibi etkenler makrositik anemiye neden olabilecekleri icin ayirivi
taniya girmektedir (Means, 2016; Demirkan, 2018).

4. Tedavi

Tedavi eksik olan vitaminin yerine konmasina dayanir. Vitamin B12 eksikligi
intramiiskiiler enjeksiyon veya yiiksek doz oral B12 verilerek tedavi edilebilir.
Intramiiskiiler yapilacaksa haftada bir olark 1000 mcg verilebilir. Oral tedavi
Onerilen hastalarda giinliik 1000-2000 mcg kobalamin verilebilir. Folik asitte ise
giinliik oral olarak 1-5 mg verilmelidir (O’Leary & Samman, 2010; Akbulut,
2020).

6. Anemi Ne Zaman Sevk Edilmeli

Anemi, birinci basamakta sik karsilasilan bir saglik problemidir. Aile hekimi,
anemiyi tanima, degerlendirme, tedavi etme ve gerekirse ileri basamaklara
yonlendirme sorumlulugunu tasir. Sevk karari; hastanin klinigi, laboratuvar
bulgulari, tedaviye yanit1 ve aneminin etiyolojisine gore belirlenir (DeLoughery,
2017).
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Tedaviye baslandiktan 2-4 hafta sonra hemoglobin diizeyinde beklenen
artisin gézlenmemesi (=1 g/dL), tedaviye yamtsizlik olarak kabul edilir. Bu
durumda malabsorpsiyon, tani hatasi veya altta yatan ciddi bir hastalik olasilig1
acisindan ileri degerlendirme dnemlidir (Johnson-Wimbley & Graham, 2011).

Demir eksikligi, vitamin B12 ve folat eksiklikleri gibi sik nedenler dislanmis
ve halen aneminin nedeni belirlenememisse, daha ileri hematolojik,
gastroenterolojik veya sistemik arastirmalar icin hasta sevk edilmelidir
(Camaschella, 2015). Hemoglobin diizeyinin kritik sinirlarin (<7-8 g/dL) altina
diistiigii veya hastanin belirgin kardiyopulmoner semptomlarinin oldugu
durumlarda hastaneye yatirilarak tedavi ve izlem 6nemlidir (NICE, 2021). Tam
kan sayiminda l6koeritroblastik bulgular, anizositoz, trombositopeni ya da
periferik yaymada blast goriilmesi gibi bulgular hematolojik malignite siiphesi
olugturur. Bu tiir durumlarda hastanin ivedilikle hematoloji uzmanina
yonlendirilmesi gerekir (Cappellini, Musallam, & Taher, 2020).

Ozel grup olan gebelerde hemoglobin diizeyinin 9 g/dL’nin altina diismesi,
fetal gelisim ve maternal saglik agisindan risklidir. Bu durumda anne adayi,
obstetrik uzmanligi olan merkezlere yonlendirilmelidir (WHO, 2011). Bir bagka
6zel grup olan anemili ¢ocuklarda ise Ozellikle biyiime geriligi, gelisimsel
gecikme veya biligsel bozulma gibi klinik belirtileri varhigr ileri tetkik
gerektirebilir (McLean et al., 2009).

Aile hekimi, aneminin tan1 ve tedavisinde oldugu kadar, uygun zamanda ve
uygun gerekceyle sevk yapilmasinda da kritik rol iistlenir. Sevk, yalnizca bir
yonlendirme degil, multidisipliner hasta yonetiminin onemli bir bilesenidir.
Erken, dogru ve gerekgeli sevkler; taninin netlesmesini, tedavinin hizlanmasini
ve komplikasyonlarin 6nlenmesini saglar.

8. Sonu¢

Aneminin etyopatogenezi ve tani siireci, aile hekimligi pratiginde etkili ve
sistematik bir yaklasim gerektirir. Anemiye neden olan mekanizmalarin dogru
anlasilmasi ve uygun tani testlerinin secilmesi, tedavi basarisin1 dogrudan etkiler.
Bu nedenle aile hekimlerinin anemiye yonelik klinik farkindaligi ve tanisal
becerileri ylksek olmalidir.

Anemi, birey saglig1 lizerinde kisa ve uzun vadeli etkileri olan, halk saglig:
agisindan onemli bir klinik sendromdur. Gelismekte olan iilkelerde hala yiiksek
prevalansa sahip olan anemi hem morbidite hem de mortalite ac¢isindan dikkate
alinmasi gereken bir durumdur (McLean et al., 2009). Birinci basamak saglik
hizmetlerinde g¢aligan aile hekimleri, anemiyi yalnizca bir laboratuvar bulgusu
olarak degil; bireyin beslenme durumu, yasam bigimi, kronik hastaliklar1 ve
sosyoekonomik kosullar diisiinerek birlikte degerlendirmelidir.
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Aile hekimligi pratiginde anemiye yaklasimda en O6nemli unsurlardan biri
erken tanidir. Ozellikle demir eksikligi, B12 veya folat eksikligi gibi kolay tedavi
edilebilir nedenler, zamaninda miidahale edilmediginde geri doniigsiiz
komplikasyonlara neden olabilir. Gebelerde diisiik dogum agirligi ve prematiirite
i¢in risk olustururken, ¢cocuklarda biligsel ve fiziksel geligim geriligi, yaslilarda
ise diisme, kirik ve biligsel bozulma riskinde artis gibi sonuglara yol
acabilmektedir (Gaskell et al., 2008; WHO, 2011).

Tan1 siirecinde sistematik yaklasim, yani kapsamli anamnez, fizik muayene
ve hedefe yonelik laboratuvar testleri aile hekimi igin yol gostericidir. Ozellikle
mikrositik, normositik ve makrositik anemilerin birbirinden ayrilmasi, uygun
tedavi stratejisinin belirlenmesi agisindan kritik 6neme sahiptir (Means, 2016).
Bu baglamda, anemi siniflamalari, aile hekimi tarafindan hem klinik karar destegi
hem de saglik sistemindeki gereksiz tetkik ve sevklerin 6nlenmesi agisindan aktif
kullanilmalidir.

Tedavi siirecinde, yalnizca farmakolojik ajanlar degil; hasta egitimi, beslenme
danmigsmanligi, yagam tarzi degisiklikleri ve riskli gruplarin izlenmesi de biitiinciil
bir yaklasimin parcasidir. Ozellikle tekrarlayan anemi vakalarinda altta yatan
nedenlerin irdelenmesi ve gerekirse ikinci/ligiincii basamak saglik hizmetlerine
zamaninda sevk edilmesi kritik 6neme sahiptir (DeLoughery, 2017).

Sonug olarak, aneminin tani1 ve tedavisi birinci basamakta etkili sekilde
yapilabilir. Ancak bu etkinlik, aile hekimlerinin giincel bilgiye erisimi, rehberlere
hakimiyeti ve hastaya biitlinciil yaklasimi ile dogrudan iligkilidir. Bu nedenle,
birinci basamak diizeyinde ¢alisan saglik profesyonellerinin anemi konusunda
egitimi hem bireysel hem toplumsal diizeyde saglik ¢iktilarinin iyilestirilmesine
biiyiik katki saglar.
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Giris

Viicudumuzda yasayan bakteriler, viriisler, mantarlar ve diger
mikroorganizmalarin  tiimii  insan  mikrobiyotasint  olusturur.  Bu
mikroorganizmalardan insan viicuduna hem faydali hem de zararh
diyebilecegimiz tiirler bulunmaktadir. Faydali /zararli oraninin azalmasi ile
fizyolojik durum bozulur ve saglikli olmayan flora anlamina gelen ‘mikrobiyal
disbiyozis’ deyimi gelisir. Mikrobiyota, sindirim ve bagisiklik sisteminde,
metabolizmada ve hatta beyin fonksiyonlarinda rol alarak hastaliklardan
korunma asamasinda 6nemli roller iistlenmektedir(Cakmak & inkaya, 2021).

Insan bedenindeki mikroorganizma sayisinmn, viicuttaki toplam hiicre
sayisinin  on kati oldugu bilinmektedir(Celebi & Uygun, 2013). Bu
mikroorganizmalar igerisinde en fazla bulunani bakterilerdir. Bakteriler
arasindan da Bacteroidetes (Bacteroides ve Prevotella cinsleri) ve Firmicutes
(Clostridium, Ruminococcus, Enterococcus, Lactobacillus cinsleri) anaerob
bakterileri yogun olarak tanimlanmistir. Bunlarin disinda Actinobacteria
(Bifidobacterium, Proteobacteria (Helicobacter ve Escherichia); Fusobacteria,
Spirochaetae  ve  Verrucomicrobia  tiirleri de  yogun  miktarda
bulunmaktadir(Yetkin, Yetis, & Kayahan Satig, 2018).

Intestinal, oral, vajinal, deri ve akciger mukozalarinin kendine Ozgii
mikrobiyal yapilar1 mevcuttur. Gastrointestinal sistem hem genis yiizey alanina
ve hem de besin G6geleri agisindan zengin igerige sahip olmasi sebebiyle
mikroorganizmalara kolonizasyon i¢in uygun ortam yaratmaktadir. Bu yiizden
intestinal sistem tek basina insan bedenindeki mikroorganizmalarin %70’ den
fazlasim barmdirmaktadir (Celebi & Uygun, 2013; Yildiran vd., 2019).
Probiyotikler, mikrobiyotanin bir parcasidir. Ancak tiim mikroorganizmalar
probiyotik degildir. Probiyotik kullaniminin bagirsak florasinin
dengelenmesinde olumlu etkileri oldugu bilinmektedir Kadakal & Unal,
2023;Tasdemir,2017). Probiyotikler, "yeterli miktarlarda alindiginda konakg¢iya
fayda saglayan canli mikroorganizmalar" olarak tanimlanir. Probiyotikler
genellikle fermente gidalarda (yogurt, kefir, tursu gibi) bulunur veya takviye
olarak almabilir. Probiyotikler, sindirim sistemini diizenleyerek kabizlik, ishal,
gaz ve siskinlik gibi sorunlar1 azaltir. Bagisiklik sistemini giiclendirir ve vitamin
ve minerallerin emilimini arttirir. Ayrica ruh sagligi ve beyin fonksiyonlar
tizerinde olumlu etkiler gosterirler. Prebiyotikler ise probiyotiklerin beslenmesini
ve ¢ogalmasini destekleyen bilesiklerdir(Yasam, Yararli, & Bakteriler, n.d.).
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Mikrobiyotanin Olusumu ve Gelisimi

Son yillarda yapilan ¢aligmalar, biiylik ¢cogunlukla dogumdan hemen sonra
gelismeye baslayan insan mikrobiyotasinin, dogumdan onceki siiregte anne
karninda da gelistigini gostermistir(D’ Argenio, 2018). Maternal mikrobiyotanin
bebege gecisi, gebelikte plasenta araciligiyla, normal dogum esnasinda vajinal
kanaldan ve dogum sonrasinda anne siitii beslenmesi ile olmaktadir. Annenin
beslenme tarzi ve antibiyotik kullanimi, bebegin gastrointestinal mikrobiyal
cesitliligini etkiledigi diistiniilmektedir. Anne beslenmesinin hem gebelik
doneminde hem de emzirme doneminde doymus yag asitleri gibi molekiillerden
zengin olmasi mikrobiyal cesitliligin gelismesine katki sagladigi icin bebek
mikrobiyotasin1 pozitif yonde etkilemektedir. Gebelik doneminde kadinlar
enfeksiyon hastaliklarina yakalanma konusunda daha duyarli olabilmektedirler.
Bu durum normal doénemlerine gore gebelikte artan antibiyotik kullanimi ile
sonuclanir. Gebelikte antibiyotik kullanimi yiiksek olan annelerin ¢ocuklarinda
alerjik hastaliklarin ve obezite gelisiminin daha fazla goriildiigline dair ¢aligmalar
bulunmaktadir. Antibiyotik kullanimi hem intrauterin donemde umblikal kord
araciligryla fetiis kan dolagimina gecerek, hem de annenin vajinal ve bagirsak
mikrobiyota florasi iizerinde degisiklik yaparak bebege aktarilmaktadir
(Williams vd., 2017; Merter &Altay,2023; Zhong vd., 2021; Tapiainen vd.,
2019).

Normal dogum ile diinyaya gelen bir bebek, annesinin vajinal florasi ile
dogum kanalindan gecisi sirasinda tanismaktadir. Saglikli bir wvajinal
mikrobiyotaya sahip kadinda yaklasik 30 farkli tir mikroorganizma farkli
oranlardan olusan bir denge igerisinde bulunmaktadir. Vajinal floranin asidik pH
yapisinin devamliligini saglayan unsurlar arasinda mikroorganizmalarin iirettigi
metabolitler, hormonlar ve vajinal sekresyonlar yer alir. Bu
mikroorganizmalardan en baskin olan1 Lactobasiller’ dir. Laktobasiller
Ostrojenin {rettigi glikojeni yikarak laktik asit olustururlar ve asidik pH’ nin
korunmasinda en 6nemli katkiy1 sunarlar. Dogarken dogum kanali ile temasta
olabilen yenidoganin mikrobiyota zenginliginin olusmasini saglayan bir durum
oldugu kabul edilir. Sezaryen dogumda ise yenidoganin ilk temas cilt florasi ile
olmaktadir (Williams vd., 2017; Dunn vd., 2017). Dogum sekline gére bebeklerin
mikrobiyotalar kiyaslandiginda sezaryen ile doganlarda mikrobiyal ¢esitliligin
daha az oldugu gosterilmistir (Xu vd., 2018).

Dogum sonrasi etkenlere baktigimizda bebegin gestasyon yasi mikrobiyota
gelisimi i¢in olduk¢a Onemlidir. Preterm dogan bebeklerin mikrobiyotal
cesitliligi, zamaninda dogan bebeklere gore farkliliklar gosterir. Pretermlerin
bagirsak peristaltizminin tam olarak gelismemis olmas1 ve yine preterm dogum
sonras1 bebegin hastane yatisi, ilag kullanimlari, anne siitii veya mama kullanima,
hastane cihazlarina maruziyeti, bebegin anne ile ten tene temastan uzak olmasi
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da bebegin mikrobiyal cesitliligini etkiledigi bilinmektedir( Tauchi vd., 2019; Li
vd., 2020). Anne siitii ile beslenmenin preterm bebeklerde de mikrobiyotanin
gelisimine katkisinin olduk¢a fazla oldugu bilinmektedir. Anne siitiindeki
molekiiller, bebegin intestinal sistemine patojen mikroplarin tutunmasin
engelleyerek intestinal kolonizasyonu dengeler. Anne siitii probiyotiklerin
cogalmasini saglamaktadir (Merter & Altay, 2023).

Mikrobiyotamin Hastahklarla Tliskisi

Gastrointestinal sistem ve beyin arasinda baglantiyr saglamakta goérevli
Nervus Vagus, Enterik Sinir Sistemi (ESS) ve Beyin- Bagirsak aksi dedigimiz
kompleks yapilar mevcuttur. ESS, sindirim sisteminin kendi basina galigan sinir
sistemidir ve ‘ikinci beyin’ olarak da bilinir. Milyonlarca néron igeren ESS,
sindirim hareketlerini, salgilamay1 ve kan akisin1i bagimsiz olarak kontrol
edebilir. ESS, sindirim sisteminin i¢ ylizeyinde bulunan sinir aglar1 araciligiyla
calisir. Vagus siniri, ESS’den aldig1 uyarilari beyine iletmekte gorevli viicuttaki
en uzun kraniyal sinirdir. Sindirim, kalp atis hizi, solunum ve bagisiklik sistemi
gibi bir¢cok 6nemli fizyolojik siireci diizenler. Beyin-bagirsak aksi; beyin, ESS ve
bagirsak mikrobiyotas: arasindaki kompleks iletisim agidir. Bu aks sinirsel,
hormonal ve immiinolojik yollarla  calisir.  Intestinal  kanaldaki
mikroorganizmalar gerceklestirdikleri biyokimyasal reaksiyonlar sonucunda bazi
metabolitler olustururlar. Bu metabolitlerden agiga ¢ikan molekiiller bagirsak
reseptorlerine baglanip Vagus siniri aracilifiyla beyine tasinirlar ve bazi
fizyolojik degisikliklerin meydana gelmesini saglarlar. Yine bagirsaktaki
hiicreler tarafindan firetilen periferik serotonin ve bagirsak mikrobiyotasinin
tetiklemesiyle bagisiklik hiicreleri tarafindan salinan sitokinler de Vagus siniri
araciligiyla beyine ulastirilir (Do vd., 2018; Sherman vd., 2015).

Mikrobiyota yapisinin bozuk olmasinin obezite, diyabet, aterosklerotik
kardiyovaskiiler durumlar, inflamatuvar bagirsak hastaligi, irritabl bagirsak
sendromu, kolelitiyazis, alkolik olmayan yagli karaciger hastalig1, bazi otoimmun
hastaliklar, parkinson hastaligi, alzheimer hastaligi, multiple skleroz ve hatta
otizm gibi bir¢ok hastalikla iligkisinin bulundugu tespit edilmistir (Cakmak &
Inkaya, 2021; Baydan T, 2021; Sugecti vd., 2019; Salman vd., 2015).
Inflamatuvar bagirsak hastaliklaridan olan Crohn ve Ulseratif Kolit in remisyon
ve atak donemlerinde bagirsakta bakilan mikroorganizma oranlarm farklilik
gosterdigine yonelik ¢alismalar mevcuttur (Salman vd., 2015). Sindirim sistemi
ve karaciger metabolizmada dogrudan birbiri ile iligkilidir. Mikrobiyotanin
devamliligin siirdiirmesindeki detoksifikasyon ve desensitizasyonunda karaciger
primer organdir. Son yillardaki calismalar, genelde obezite ile birlikte goriilen
non alkolik karacier yaglanmasinin patogenezinde sindirim kanalinda agir
artmis bakteriyel cogalma ve bu bakterilerin iirettigi endotoksinlere intestinal
gecirgenliginde etkilenmesine bagli olarak gelistigini ¢alismalar gostermistir

20



(Seki & Schnabl, 2012). Gida tiiketimindeki diizensizlikler ve uygunsuz diyetler
sonucunda meydana gelen bagirsak mikrobiyotasindaki degisimler ile intestinal
liimende artan gram negatif bakterilerin iirettigi lipopolisakkaritlerin molekiiler
diizeyde yaglanma ve insiilin direnci gelismesinde etkili oldugu bilinmektedir
(Blandino vd., 2016).

Norodejeneratif hastaliklardan olan Alzheimer’in etiyolojisinde ileri yaslarda
Beta-amiloid ve Tau proteinlerinin anormal sekilde birikmesi vardir. Bu
proteinlerin fazlasi santral sinir sisteminde nérodejenerasyon ve biligsel sistemde
bozulmayla sonuglanir. Intestinal sistemde bazi bakteriler metabolit olarak
amiloid ve lipopolisakkaritleri iiretir. Bunlarin fazla iretimi sitokinler araciligryla
beyine iletim yolaklarmida etkileyerek beyinde beta-amiloid birikimini
artirabildigi diistiniilmektedir (Semercioglu, 2022).

Bagirsak sagliginin bozulmast ile ortaya ¢ikan hastaliklar son yillarda 6nemli
bir aragtirma konusu olmustur. Kanserler de dahil olmak iizere cok sayida
hastaligin intestinal flora ile iligkisi oldugunun ¢aligsmalarla saptanmasi, bagirsak
mikrobiyotasini korumaya yonelik girisimlerin ne kadar 6nemli oldugunu bizlere
kanitlamustir. Diizenli probiyotik alimi, vitamin ve mineraller agisindan yeterli
beslenme, glisemik indeksi disiik beslenme, mikrobiyota disbiyozisine engel
olarak, intestinal sistemde patojen bakterilerin cogalmasini engellemektedir.

Sonu¢

Bu boliimde bagirsak mikrobiyotasinin insan sagligi iizerindeki derin ve ¢ok
yonlii etkilerine vurgu yapilmistir. Mikrobiyota, sadece sindirim sistemimizin bir
parcasi olmanin dtesinde, bagisiklik sisteminden sinir sistemine, metabolizmadan
ruh haline kadar genis bir yelpazede fizyolojik siiregleri etkileyen karmagik bir
ekosistemdir. Probiyotikler, prebiyotikler, fekal mikrobiyota nakli ve diyet
degisiklikleri gibi stratejiler, mikrobiyota dengesini iyilestirerek hastalik riskini
azaltabilir ve mevcut hastaliklarin seyrini iyilestirebilir. Ancak, mikrobiyota
aragtirmalar1 hala nispeten yeni bir alandir ve bu alanda daha fazla aragtirmaya
ihtiya¢ vardir.

Sonug olarak, bagirsak mikrobiyotasinin korunmasi ve desteklenmesi, saglikli
bir yagam siirdiirmek i¢in vazgegilmez bir unsurdur. Gelecekteki arastirmalar,
mikrobiyota tabanli yaklagimlarin hastaliklarin 6nlenmesi ve tedavisindeki
potansiyelini daha da aydinlatacaktir.
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1. Introduction

The adrenal glands are bilateral endocrine structures located superior to each
kidney and consist of two histological and functional regions: the cortex and the
medulla. The adrenal cortex comprises three distinct zones: the zona glomerulosa,
zona fasciculata, and zona reticularis, which are responsible for the synthesis of
mineralocorticoids, glucocorticoids, and adrenal androgens, respectively (Xing et
al., 2015). The adrenal medulla is composed of chromaffin cells and is
responsible for catecholamine production (Tischler et al., 1989).

Adrenal hormones play a central role in the regulation of metabolic,
hemodynamic, and immune responses. They are critically involved in stress
response, fluid and electrolyte balance, blood pressure regulation, glucose
homeostasis, sexual development, and overall physiological adaptation.
Consequently, adrenal dysfunctions are often characterized by multisystemic
manifestations and can present with life-threatening clinical conditions in certain
cases (Pranckevicius et al., 2025).

Primary care services occupy a pivotal role in the recognition, differential
diagnosis, and appropriate referral of patients with adrenal gland disorders.
However, these pathologies frequently present with nonspecific symptoms such
as fatigue, weight changes, hyperpigmentation, hypertension, electrolyte
imbalances, and psychiatric manifestations, making the diagnostic process
challenging and prone to delays. Such delays can negatively impact prognosis
and may lead to unnecessary investigations and referrals.

This section will address the approach to adrenal gland disorders in primary
care, including their pathophysiological basis, clinical diagnostic algorithms,
fundamental laboratory assessments, and referral indications. The objective is to
enhance clinical awareness among primary care physicians regarding adrenal
pathologies, thereby promoting early diagnosis and appropriate management
strategies.

2. Physiology of the Adrenal Gland

The adrenal glands are a vital component of the endocrine system and are
responsible for the synthesis, storage, and secretion of numerous hormones that
play central roles in maintaining homeostasis. Each adrenal gland is composed of
two main regions of distinct embryological origin: the cortex, which is derived
from the mesoderm, and the medulla, which originates from the neural crest.
These two regions contain different cellular structures and produce functionally
independent hormones.
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2.1. Adrenal Cortex

The adrenal cortex consists of three functionally distinct zones arranged
from outer to inner layers:

Zona Glomerulosa: This outermost layer primarily synthesizes aldosterone,
the main mineralocorticoid. Aldosterone production is regulated by the renin-
angiotensin-aldosterone system (RAAS), serum potassium levels, and
adrenocorticotropic hormone (ACTH). It acts on the distal nephron to promote
sodium reabsorption and potassium excretion, thereby maintaining fluid-
electrolyte balance and regulating blood pressure (Tuffaha, 2021).

Zona Fasciculata: The middle layer is the primary site of glucocorticoid
production. Cortisol secretion is regulated by the hypothalamic-pituitary-adrenal
(HPA) axis: corticotropin-releasing hormone (CRH) from the hypothalamus
stimulates the pituitary to release ACTH, which in turn triggers cortisol secretion
from the adrenal cortex. Cortisol plays key roles in carbohydrate, protein, and fat
metabolism, modulating immune responses, stress adaptation, and exerting anti-
inflammatory effects (Angelousi et al., 2020).

Zona Reticularis: The innermost cortical layer is responsible for producing
adrenal androgens, primarily dehydroepiandrosterone (DHEA) and
androstenedione. These hormones are involved in the development of secondary
sexual characteristics during puberty and influence libido, particularly in females
(Nagliya et al., 2024).

2.2. Adrenal Medulla

The adrenal medulla is a neuroendocrine tissue located at the innermost part
of the adrenal gland and functions as an extension of the sympathetic nervous
system. It secretes the catecholamine hormones epinephrine (adrenaline) and
norepinephrine (noradrenaline). Upon sympathetic stimulation, chromaffin cells
release these hormones into the bloodstream in response to neural signals.
Epinephrine increases heart rate, dilates bronchi, and enhances glucose
mobilization, initiating the classic “fight or flight” response. Norepinephrine
primarily acts by constricting blood vessels, thereby elevating blood pressure.

Hormones secreted by the adrenal medulla enable rapid and effective
adaptation to acute stress conditions. These hormones also contribute to
metabolic regulation by promoting glycogenolysis and lipolysis to meet increased
energy demands. Unlike the adrenal cortex, which is regulated via the HPA axis,
the adrenal medulla is directly controlled by the sympathetic nervous system,
allowing for immediate physiological responses. Thus, the adrenal medulla is a
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crucial component of homeostasis and the body’s mechanisms for coping with
stress (Dutt et al., 2023).

3. Adrenal Insufficiency

Adrenal insufficiency is a potentially life-threatening endocrine disorder
characterized by inadequate synthesis of glucocorticoid and/or mineralocorticoid
hormones by the adrenal cortex (Charmandari et al., 2014). Clinically, it presents
with a broad range of often nonspecific symptoms, including hyponatremia,
hyperkalemia, hypotension, fatigue, weight loss, and gastrointestinal complaints.
Early recognition in primary care is crucial to reduce morbidity and mortality.

3.1. Classification

Adrenal insufficiency is classified into three main categories based on its
etiopathogenesis:

Primary Adrenal Insufficiency (Addison’s Disease): This form results from
direct damage to the adrenal cortex, leading to decreased production of both
cortisol and aldosterone. The most common cause is autoimmune adrenalitis.
Other etiologies include tuberculosis, fungal infections, metastatic tumors,
adrenalectomy, and genetic conditions such as congenital adrenal hyperplasia
(Buonocore & Achermann, 2020).

Secondary Adrenal Insufficiency: This occurs due to insufficient secretion of
ACTH from the pituitary gland, resulting in impaired cortisol production, while
mineralocorticoid synthesis is usually preserved. The most frequent cause is
suppression of the hypothalamic-pituitary-adrenal (HPA) axis following
prolonged exogenous glucocorticoid therapy. Other causes include pituitary
adenomas, surgical interventions, and radiotherapy (Hahner et al., 2021). Tertiary
Adrenal Insufficiency: This form results from a deficiency of corticotropin-
releasing hormone (CRH) at the hypothalamic level and often presents with
clinical features similar to secondary adrenal insufficiency (Lewis et al., 2023).

3.2 Clinical Manifestations

Adrenal insufficiency typically has an insidious onset, and symptoms vary
depending on the degree of glucocorticoid and mineralocorticoid deficiency.
Multiple organ systems may be affected. General symptoms include weakness,
persistent fatigue, unintentional weight loss, and anorexia. Gastrointestinal
involvement commonly results in nausea, vomiting, abdominal pain, and
diarrhea. Cardiovascular manifestations may include orthostatic hypotension and
syncope. A hallmark of primary adrenal insufficiency is hyperpigmentation of
the skin, especially in sun-protected areas. Electrolyte imbalances are also
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notable, with hyponatremia, hyperkalemia, and hypoglycemia being the most
frequent. Psychiatric symptoms such as depression, irritability, and difficulty
concentrating may occur, reflecting the systemic impact of adrenal hormone
deficiencies.

3.3 Diagnostic Approach

In primary care, adrenal insufficiency should be suspected when unexplained
chronic fatigue, hyponatremia, hyperkalemia, and orthostatic hypotension are
observed concurrently.

Laboratory Evaluation:

o Basal Serum Cortisol Level: Measured from a blood sample
collected in the early morning (usually around 8:00 AM). A cortisol level
<3 pg/dL (83 nmol/L) strongly suggests adrenal insufficiency, while a
level >15 pg/dL (414 nmol/L) generally excludes it (Guia Lopes et al.,
2025)

e ACTH Level: Helps distinguish between primary and secondary
forms. ACTH is elevated in primary adrenal insufficiency and low in
secondary forms.

e Synacthen (ACTH Stimulation) Test: Considered the gold
standard for diagnosis. After administration of 250 pg synthetic ACTH
(tetracosactide), cortisol levels are measured at 30 and 60 minutes. A
suboptimal response supports the diagnosis (Shaikh et al., 2023; Okutan

et al., 2024).

e Serum Electrolytes: May reveal hyponatremia, hyperkalemia,
and hypoglycemia.

3.4 Emergency Management in Primary Care

An acute adrenal crisis is a life-threatening manifestation often triggered by
stressors such as infection, trauma, or surgery. It presents with hypotension,
dehydration, altered mental status, and shock. If suspected in primary care,
immediate parenteral fluid resuscitation and glucocorticoid replacement should
be initiated, and the patient should be urgently referred to a higher-level care
center.

3.5 Referral Criteria

Certain clinical and laboratory findings in patients suspected of having adrenal
insufficiency indicate the need for specialist evaluation. These include

29


https://consensus.app/
https://consensus.app/

unexplained electrolyte imbalances such as hyponatremia or hyperkalemia, low
early morning cortisol levels, abnormal or elevated ACTH levels, or an
insufficient response to ACTH stimulation testing. Patients with suspected
adrenal crisis require emergency intervention. In such cases, referral to an
endocrinologist is crucial for definitive diagnosis, advanced hormonal testing,
and appropriate treatment planning.

4. Cushing’s Syndrome

Cushing’s syndrome is a clinical condition caused by chronic excess
glucocorticoids and may result from either endogenous or exogenous sources.
Endogenous Cushing’s syndrome is associated with increased cortisol production
due to adrenal or pituitary pathologies. Exogenous Cushing’s syndrome is the
most common form and develops following prolonged systemic glucocorticoid
therapy (Reincke & Fleseriu, 2023)

4.1. Etiology and Classification

Cushing’s syndrome is broadly classified into two categories: exogenous
(iatrogenic) and endogenous. The exogenous form, which is most frequently
encountered, results from the chronic administration of systemic glucocorticoids.
In such cases, endogenous cortisol and ACTH production are suppressed via
negative feedback mechanisms.

Endogenous Cushing’s syndrome arises from increased endogenous cortisol
production and is further subdivided into ACTH-dependent and ACTH-
independent causes.

e ACTH-dependent Cushing’s syndrome most commonly results from
Cushing’s disease, where a pituitary adenoma leads to excessive
ACTH secretion. Another cause is ectopic ACTH syndrome, in which
malignant tumors such as small-cell lung carcinoma or bronchial
carcinoid tumors produce unregulated ACTH (Wagner-Bartak et al.,
2017).

e ACTH-independent Cushing’s syndrome is due to adrenal-origin
hypercortisolism, commonly caused by adrenal adenomas, adrenal
carcinomas, or bilateral adrenal hyperplasia. In these cases, ACTH
levels are typically suppressed.

4.2 Clinical Manifestations

Cushing’s syndrome usually has a subacute and progressive course, affecting
multiple organ systems. Clinical features vary depending on the severity and
duration of glucocorticoid excess.
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Characteristic physical signs include central obesity, a dorsocervical fat pad
("buffalo hump™"), and a rounded "moon face." Skin changes are typical and may
include thinning of the skin, easy bruising, and wide, violaceous striae—
especially in the abdominal area.

Musculoskeletal involvement often presents with prominent proximal muscle
weakness, hypertension, and long-term osteoporosis. Metabolic disturbances
such as glucose intolerance or diabetes mellitus are also common. Endocrine
effects in women may include menstrual irregularities, hirsutism, and decreased
libido. Psychiatric symptoms are prevalent and may include depression,
irritability, and anxiety (Juszczak et al., 2024). The broad range of manifestations
highlights the need for a multidisciplinary approach in diagnosis and
management.

In primary care, the coexistence of central obesity, hypertension, glucose
intolerance, and characteristic skin findings should prompt clinical suspicion of
Cushing’s syndrome.

4.3 Diagnostic Approach

In patients suspected of having endogenous Cushing’s syndrome, diagnosis
involves three main steps: confirming glucocorticoid excess, identifying the
underlying etiology, and localizing the source. In primary care, initial screening
tests should be used to identify potential cases and refer them to endocrinology
for further evaluation.

Primary screening tests include:

e Late-night salivary cortisol: The circadian rhythm of cortisol
secretion is disrupted in Cushing’s syndrome, leading to elevated
nighttime levels (Yaneva et al., 2004).

e Low-dose dexamethasone suppression test (DST): 1 mg of
dexamethasone is administered at 11:00 PM, and serum cortisol is
measured at 8:00 AM the following morning. A cortisol level >1.8
pg/dL (50 nmol/L) is considered abnormal (Rebelo et al., 2024).

e 24-hour urinary free cortisol (UFC): A value >50 pg/24 hours is
considered pathological. Repetition of the test is recommended for
confirmation (Ray et al., 2022).

If any of these screening tests yield abnormal results, the patient should be
referred to endocrinology for advanced diagnostic testing and imaging.
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4.4 Differential Diagnosis

Certain clinical conditions that mimic Cushing’s syndrome without true
cortisol excess are referred to as pseudo-Cushing’s syndrome. These conditions
may cause transient alterations in cortisol metabolism, leading to false-positive
screening results. Common causes of pseudo-Cushing’s include chronic alcohol
use, obesity, psychiatric disorders such as depression and anxiety, polycystic
ovary syndrome (PCOS), and use of medications like oral contraceptives and
anticonvulsants.

In these cases, cortisol levels may temporarily resemble those of true
Cushing’s syndrome. However, hormone levels often return to normal once the
underlying condition is resolved. Therefore, confirmatory testing such as the low-
dose dexamethasone suppression test or late-night salivary cortisol should always
be used to differentiate pseudo-Cushing’s from true disease. This careful
diagnostic approach is essential to avoid unnecessary treatments and
misdiagnosis.

4.5 Referral Criteria

Timely referral of suspected Cushing’s syndrome cases to a specialist is
essential for effective diagnosis and management. Primary care providers should
refer patients to an endocrinologist in the following situations:

e Abnormal results in one or more initial screening tests (low-dose
DST, late-night salivary cortisol, or 24-hour UFC);

e Presence of the classic Cushing’s phenotype (central obesity, buffalo
hump, moon face) along with unexplained metabolic disturbances
such as hypertension, diabetes, or osteoporosis;

¢ Clinical features suggesting a polyglandular endocrinopathy.

Early specialist evaluation and accurate diagnosis are crucial for preventing
complications associated with hypercortisolism, including cardiovascular
disease, metabolic syndrome, bone loss, and psychiatric disorders. Therefore, any
case that raises suspicion in primary care warrants prompt referral for
endocrinological assessment.

5. Primary Aldosteronism

Primary aldosteronism (PA) is a mineralocorticoid excess syndrome
characterized by autonomous overproduction of aldosterone from the adrenal
cortex. It may present with hypertension and hypokalemia, although many
patients remain normokalemic. PA is one of the most common endocrine causes
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of secondary hypertension. Recent data suggest that its prevalence may range
from 5-20%, particularly among patients with resistant hypertension (Lenzini et
al., 2023). Early diagnosis is essential for reducing cardiovascular morbidity and
mortality.

5.1. Etiology and Pathophysiology

PA can arise from various adrenal pathologies that lead to excessive
aldosterone secretion. The most common causes include aldosterone-producing
adenoma (APA), also known as Conn’s syndrome, and idiopathic bilateral
adrenal hyperplasia (IHA). Less frequently, adrenal carcinoma, glucocorticoid-
remediable aldosteronism (GRA, especially familial hyperaldosteronism type 1),
and ectopic aldosterone production may be involved. Excess aldosterone
promotes sodium retention and potassium excretion, leading to volume expansion
and hypertension, as well as hypokalemia and metabolic alkalosis. Additionally,
aldosterone exerts direct fibrotic and hypertrophic effects on cardiovascular
tissues, contributing to organ damage.

5.2. Clinical Manifestations

PA is often asymptomatic and is typically identified incidentally during
evaluation for hypertension. It usually presents with early-onset or resistant
hypertension that is difficult to control. Hypokalemia is a common finding and
may occur spontaneously or be precipitated by diuretic use. Symptoms can
include muscle weakness, paresthesias, palpitations, and constipation. Metabolic
alkalosis, polyuria, and nocturia may also be present. Genetic forms should be
considered in patients with a positive family history (Park et al., 2024).

5.3. Diagnostic Approach

In primary care, suspicion of PA should be raised by certain clinical clues,
most notably resistant hypertension. Additional indicators include hypokalemia,
especially if spontaneous or induced by diuretic therapy, -early-onset
hypertension, particularly with a family history, and the presence of an adrenal
incidentaloma in hypertensive patients.

Screening Test:

e Aldosterone/Renin Ratio (ARR): Calculated from a morning serum
sample taken while the patient is seated, by dividing plasma
aldosterone concentration (PAC) by plasma renin activity (PRA).

e An ARR >20 (ng/dL:ng/mL/h) and PAC >15 ng/dL are highly
suggestive of PA (Vorselaars et al., 2018).
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Before testing, it is essential to consider that antihypertensive medications can
influence ARR results. If feasible, beta blockers, ACE inhibitors, ARBs, and
diuretics should be temporarily discontinued or substituted. Additionally,
hypokalemia should be corrected prior to testing (Seiler et al., 2004).

Confirmatory Tests:

Patients with elevated ARR should undergo confirmatory testing to establish
the diagnosis. These include oral or intravenous salt loading, the fludrocortisone
suppression test, and the saline infusion test.

5.4. Differential Diagnosis

Differential diagnoses for PA include causes of secondary aldosteronism such
as renovascular hypertension and renin-secreting tumors; pseudo-
hyperaldosteronism such as Liddle syndrome; and conditions like Cushing’s
syndrome or chronic kidney disease-associated hyperaldosteronism.

5.5. Referral Criteria

Primary care providers should refer patients to endocrinology in the following
scenarios:

. Elevated ARR accompanied by high PAC;

. Hypertension with unexplained hypokalemia;

. Early-onset hypertension with concurrent adrenal mass;
. Resistant hypertension.

Confirmation of diagnosis and determination of whether the condition is
unilateral or bilateral must be conducted by an endocrinologist. Treatment varies
accordingly—unilateral disease is typically managed surgically with
adrenalectomy, whereas bilateral disease is treated medically with
mineralocorticoid receptor antagonists.

6. Pheochromocytoma and Paraganglioma

Pheochromocytomas and paragangliomas are rare neuroendocrine tumors
originating from chromaffin cells. Pheochromocytomas arise from the adrenal
medulla and are characterized by catecholamine secretion. Paragangliomas, in
contrast, develop from extra-adrenal sympathetic or parasympathetic
paraganglionic tissues. They may be located along the sympathetic chain and
typically secrete norepinephrine, whereas parasympathetic paragangliomas are
mostly non-functional (Kumba, 2019).
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These tumors commonly present with paroxysmal hypertension and
symptoms due to catecholamine excess. Early diagnosis and treatment are
essential to prevent serious cardiovascular complications and malignant
transformation.

6.1. Etiology and Genetics

Approximately 30-40% of pheochromocytomas and paragangliomas are
hereditary and associated with germline mutations. These tumors are often linked
to genetic syndromes such as multiple endocrine neoplasia type 2 (MEN2A and
MEN2B), Von Hippel-Lindau disease, and neurofibromatosis type 1. Mutations
in the succinate dehydrogenase (SDH) genes, particularly SDHB and SDHD, also
play a major role in tumor development. For this reason, genetic evaluation is a
critical component of the diagnostic workup (Burnichon et al., 2011).

6.2. Clinical Manifestations

Pheochromocytomas and paragangliomas often present with the classic triad
of sudden-onset headache, excessive sweating, and tachycardia. Other symptoms
may include paroxysmal or sustained hypertension, anxiety or panic attack-like
symptoms, tremor, pallor, nausea, glucose intolerance or hyperglycemia, and
orthostatic hypotension. These symptoms usually occur episodically and can be
triggered by stress, surgical procedures, trauma, childbirth, or medications such
as beta-blockers and tricyclic antidepressants. In the presence of these symptoms,
pheochromocytoma or paraganglioma should be suspected (Reus et al., 2021;
Geroula et al., 2019).

6.3. Diagnostic Approach

Diagnosis relies on the biochemical measurement of catecholamine
metabolites. In primary care, suspicion should be based on specific clinical signs
and family history. Important indicators include young-onset, resistant, or
paroxysmal hypertension, especially when accompanied by the classic triad
(headache, sweating, tachycardia). A family history of related tumors or the
presence of MEN2, Von Hippel-Lindau disease, or neurofibromatosis type 1 also
warrant further evaluation.

The most sensitive and recommended initial test is the measurement of plasma
free metanephrines. This test is highly reliable for ruling out the disease.
If plasma results are borderline or unclear, 24-hour urinary fractionated
metanephrines and catecholamines can be used for higher specificity. The
accuracy of both tests depends on appropriate patient preparation, including stress
reduction and avoidance of interfering medications (Lima & Kater, 2023).
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If biochemical tests are positive, anatomical imaging is the next step.
Computed tomography (CT) or magnetic resonance imaging (MRI) are used to
localize adrenal or extra-adrenal tumors. These techniques provide detailed
information on the tumor's size and location.

In cases of suspected metastatic disease, multifocal tumors, or biochemically
confirmed tumors not visualized on standard imaging, functional imaging is
indicated. Common modalities include *I-MIBG scintigraphy and PET-CT,
which visualize the biological activity of tumor cells and are especially useful in
complex or extensive cases (Ctvrtlik et al., 2018).

6.4. Differential Diagnosis

The differential diagnosis of pheochromocytoma and paraganglioma includes
several clinical conditions that may present with similar symptoms, particularly
due to paroxysmal manifestations and hypertension. These conditions include:

e Anxiety disorders and panic attacks: May mimic pheochromocytoma
due to symptoms such as tachycardia, sweating, and palpitations.

o Hyperthyroidism: Symptoms like increased metabolism, tachycardia,
weight loss, and nervousness can overlap with pheochromocytoma.

e Insulinoma: Causes hypoglycemia-induced symptoms such as
sweating, palpitations, and anxiety that may resemble
pheochromocytoma.

e Cushing’s syndrome: Shares features such as hypertension, glucose
intolerance, and weight gain.

e Labile hypertension: Sudden surges in blood pressure can mimic
pheochromocytoma episodes.

Given these similarities, biochemical testing and imaging are essential for
accurate diagnosis and differentiation.

6.5. Referral Criteria

In primary care, timely referral to an endocrinologist is crucial when
pheochromocytoma or paraganglioma is suspected. Referral is recommended in
the following scenarios:

e Significant elevation of plasma or 24-hour urinary metanephrines
e Detection of an adrenal or extra-adrenal mass

e Presence of a genetic syndrome or relevant family history
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e Classic symptom triad (headache, sweating, tachycardia)
accompanying paroxysmal hypertension

Once the diagnosis is confirmed, patients must be prepared for surgery with
preoperative alpha-adrenergic blockade (e.g., phenoxybenzamine or doxazosin),
which is vital to prevent cardiovascular complications. Surgical excision
(adrenalectomy or paraganglioma resection) follows. Postoperatively, patients
should undergo regular monitoring due to the risks of recurrence and potential
genetic inheritance.

7. Adrenal Incidentalomas

Adrenal incidentalomas are adrenal masses that are incidentally discovered
during abdominal imaging, typically in the absence of clinical symptoms.
Primary care physicians should refer patients for appropriate endocrinological
evaluation upon identification of such masses in imaging reports.

7.1. Epidemiology

The prevalence of adrenal incidentalomas increases significantly with age.
While their occurrence in the general population is approximately 1-4%, this rate
rises to 7-10% in individuals over the age of 70. The widespread use of advanced
imaging techniques, particularly computed tomography (CT) and magnetic
resonance imaging (MRI), has led to an increase in the incidental detection of
these lesions, resulting in a marked rise in diagnosis rates (Fassnacht et al., 2023;
Suntornlohanakul et al., 2024).

7.2 Differential Diagnosis

The etiology of adrenal incidentalomas is diverse, and both their functional
status and structural characteristics are critical for evaluation. Among benign
lesions, the most commonly encountered are adrenal cortical adenomas. These
may be either functional (hormone-producing) or non-functional (clinically
silent). Cystic lesions are often incidental findings and are typically of no clinical
significance. Myelolipomas, composed of adipose and hematopoietic tissue, are
benign and generally asymptomatic (Collins et al., 2021).

Functioning lesions warrant closer clinical attention. Cortisol-producing
adenomas may lead to subclinical Cushing's syndrome without overt symptoms,
contributing to metabolic disturbances. Aldosterone-producing adenomas are a
major cause of primary aldosteronism, presenting with hypertension and
hypokalemia. Pheochromocytomas, which secrete catecholamines, manifest with
symptoms related to sympathetic overactivity, such as paroxysmal hypertension,
headache, sweating, and palpitations.
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Although less common, malignant lesions are a critical aspect of the
diagnostic process. Adrenocortical carcinoma is a rare but aggressive tumor that
often produces hormones. Additionally, the adrenal glands are frequent sites of
metastasis, particularly from malignancies such as lung, breast, and renal cell
carcinoma. Therefore, incidental adrenal masses should be evaluated carefully
for both hormonal activity and radiologic features to determine their clinical
significance.

7.3. Evaluation and Diagnostic Approach

The evaluation of adrenal incidentalomas focuses on two primary clinical
questions: whether the lesion is hormonally active and whether it has malignant
potential. The answers to these questions guide both the diagnostic process and
subsequent management strategies.

Assessment of hormonal activity is a fundamental initial step in the evaluation
of any adrenal incidentaloma. A series of hormonal tests are employed for this
purpose. To investigate subclinical Cushing’s syndrome, a low-dose
dexamethasone suppression test (1 mg DST) is conducted. In this test, 1 mg of
dexamethasone is administered at night, and serum cortisol is measured at 8:00
AM the following morning. A cortisol level exceeding 1.8 pg/dL indicates
insufficient suppression and suggests possible cortisol excess.

In addition, plasma fractionated metanephrines or 24-hour urinary
metanephrines and catecholamines are measured to exclude pheochromocytoma.
In patients with hypertension or hypokalemia, the plasma aldosterone-to-renin
ratio (ARR) should be assessed, which is critical for the screening of primary
aldosteronism. These hormonal evaluations form the cornerstone of determining
the functional status of adrenal masses (Puglisi et al., 2024).

7.4. Radiological Evaluation

Characteristic features observed on computed tomography (CT) and magnetic
resonance imaging (MRI) provide important clues regarding the benign or
malignant nature of adrenal lesions. Lesions that are smaller than 4 cm in
diameter, have a Hounsfield Unit (HU) value of less than 10, and appear well-
defined and homogeneous are typically consistent with benign adenomas. In
contrast, lesions larger than 4 cm, with heterogeneous structure, irregular borders,
an HU value greater than 20, or those exhibiting delayed washout following
contrast administration are considered more suspicious for malignancy (Bokhari
et al., 2023). For incidentalomas with low probability of being functional or
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malignant, follow-up imaging with CT or MRI at intervals of 6-12 months is
generally recommended.

7.5. Approach in Primary Care

When an adrenal incidentaloma is identified in an imaging report, it is
essential for primary care physicians to follow a structured evaluation pathway.
Initially, a thorough clinical assessment should be conducted to identify
symptoms such as hypertension, hypokalemia, weight changes, and
dermatological findings. This should be followed by a comprehensive review of
the patient’s current medications and comorbidities. Initial laboratory
investigations aimed at assessing hormonal activity of the lesion should be
ordered. Additionally, the radiology report should be carefully reviewed for
imaging characteristics suggestive of malignancy. Based on these findings,
timely referral to an endocrinologist is recommended.

7.6. Referral Criteria

Referral to a specialized center for endocrinological and/or oncological
evaluation is warranted under the following circumstances: presence of
functional hormonal activity as indicated by biochemical tests, lesion size greater
than 4 cm, imaging findings suggestive of malignancy, detection of rapid lesion
growth (greater than 1 cm increase within 6-12 months), or bilateral adrenal
lesions. In these cases, evaluation by an endocrinologist is strongly advised.

8. Laboratory and Imaging Approach in Adrenal Disorders

The evaluation of adrenal gland disorders relies heavily on both laboratory
testing and imaging techniques, which play a pivotal role in confirming diagnoses
and differentiating etiologies. Hormonal assays are essential for determining
whether lesions are functionally active, while imaging studies provide guidance
on anatomical localization, lesion characterization, and malignancy risk. For
primary care physicians, appropriate selection and interpretation of these tests are
critical for early diagnosis and accurate referral.

8.1. Laboratory Evaluation

Functional assessment of the adrenal glands is conducted through tests
targeting the glucocorticoid, mineralocorticoid, androgen, and catecholamine
axes. Laboratory samples should generally be obtained in the early morning and
under optimal pre-analytical conditions (Birtolo et al., 2023).
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8.1.1. Glucocorticoid Axis

Morning Serum Cortisol
o  First-line test in suspected adrenal insufficiency.
o <3 ng/dL: strongly suggestive of adrenal insufficiency
o >15 pg/dL: effectively rules out adrenal insufficiency
Adrenocorticotropic Hormone (ACTH)

o Helps differentiate primary from secondary adrenal
insufficiency.

o Elevated in primary; decreased in secondary
insufficiency

Synacthen (Short ACTH Stimulation) Test

o 250 ug of synthetic ACTH (tetracosactide) administered
IM/1V; cortisol measured at 30 and 60 minutes.

o A cortisol response <18-20 pg/dL suggests adrenal
insufficiency.

Low-Dose Dexamethasone Suppression Test (1 mg DST)

o Used to screen for subclinical or overt Cushing’s
syndrome.

o 1 mg dexamethasone given at 11:00 PM; serum cortisol
measured at 8:00 AM.

o <I1.8 pg/dL: normal suppression; >5 pg/dL: abnormal
(suggestive of Cushing's)

8.1.2. Mineralocorticoid Axis

Plasma Aldosterone-to-Renin Ratio (ARR)
o  Screening test for primary aldosteronism.

o ARR >20 with aldosterone >15 ng/dL indicates need for
further evaluation.

o Certain antihypertensives (e.g., spironolactone, ACE
inhibitors, ARBS) should be discontinued prior to testing.

Serum Electrolytes
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o Hypokalemia and hyponatremia may indicate
mineralocorticoid dysfunction (Hung et al., 2021).

8.1.3. Catecholamine Axis
e  Plasma Free Metanephrines

o Highly sensitive for diagnosing
pheochromocytoma/paraganglioma.

o Patient should be well-rested and in a supine position.
e 24-Hour Urinary Metanephrines / Catecholamines

o Analternative diagnostic method, especially useful when
plasma values are borderline.

8.1.4. Androgen Axis
o  Dehydroepiandrosterone Sulfate (DHEA-S), Androstenedione

o Used in the evaluation of adrenal-origin hirsutism,
virilization, and congenital adrenal hyperplasia (CAH).

8.2. Imaging Modalities
8.2.1. Computed Tomography (CT)

CT is the first-line imaging modality for evaluating the adrenal glands. On
non-contrast CT, lesions with Hounsfield Unit (HU) values below 10 are typically
consistent with lipid-rich adenomas. In contrast, lesions that are larger than 4 cm,
demonstrate delayed contrast washout, have heterogeneous structures, or
irregular margins are considered suspicious for malignancy (Nagayama et al.,
2025).

8.2.2. Magnetic Resonance Imaging (MRI)

Magnetic Resonance Imaging (MRI) is preferred in children, pregnant
women, and individuals with contrast agent allergies due to its lack of ionizing
radiation. Chemical shift sequences used in MRI play a crucial role in
differentiating adenomas from other adrenal masses by demonstrating lipid
content within the lesion.

8.2.3. Functional Imaging

Nuclear medicine imaging techniques significantly contribute to the
assessment of adrenal lesions.!?* I-MIBG scintigraphy is especially useful for
diagnosing pheochromocytomas and paragangliomas, as well as determining
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disease extent. In addition, advanced modalities such as '*F-FDG PET-CT or
%Ga-DOTATATE PET-CT are preferred for identifying and evaluating
metastatic or potentially malignant adrenal lesions.

8.3. Imaging and Test Selection in Primary Care

In primary care settings, the following diagnostic approach is recommended
for suspected adrenal disorders:

e  Suspected adrenal insufficiency — Morning serum cortisol and
ACTH (Synacthen test if necessary)

e Hypertension with hypokalemia — Aldosterone-to-renin ratio
(ARR)

e Typical features of Cushing’s syndrome — 1 mg overnight
dexamethasone suppression test (DST)

e Paroxysmal hypertension and symptom triad — Plasma free
metanephrines

e Adrenal incidentaloma — Hormonal screening and CT/MRI

Accurate early diagnosis and referral are achievable through appropriate
laboratory and imaging algorithms.

9. Differential Diagnosis of Adrenal Disorders

Adrenal gland disorders often present with hormonal hyperfunction or
hypofunction syndromes and are frequently associated with systemic and
nonspecific symptoms. As such, their clinical manifestations may overlap with
those of other endocrinopathies, electrolyte imbalances, psychiatric disorders,
and systemic inflammatory conditions. A systematic approach to differential
diagnosis is essential to avoid misdiagnosis and to ensure appropriate referral and
treatment.

9.1. Differential Diagnosis of Adrenal Insufficiency

In the evaluation of adrenal insufficiency, it is crucial to differentiate from
various clinical conditions with overlapping symptoms. Chronic fatigue
syndrome and fibromyalgia may mimic adrenal insufficiency due to shared
symptoms such as fatigue, myalgia, and cognitive impairment. Psychiatric
disorders, including depression and anxiety, can also present with appetite loss,
weight loss, and concentration difficulties, resembling adrenal insufficiency.
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Among endocrine disorders, hypothyroidism must be considered in the
differential diagnosis due to common symptoms such as cold intolerance,
constipation, and depressive mood. Electrolyte disturbances, particularly those
leading to hyponatremia (e.g., syndrome of inappropriate antidiuretic hormone
secretion [SIADH], diuretic use, or primary polydipsia), should be evaluated.
However, adrenal insufficiency is often distinguished by the presence of both
hyponatremia and hyperkalemia, along with hypotension—features that provide
valuable diagnostic clues.

Additionally, gastrointestinal pathologies, especially malabsorption
syndromes and inflammatory bowel diseases, may also mimic adrenal
insufficiency due to associated weight loss and fatigue (Bhargav et al., 2008).

Nevertheless, the hallmark features that distinguish adrenal insufficiency
include:

e Markedly low morning serum cortisol levels
e Elevated plasma ACTH concentrations
e Presence of hyperpigmentation

o Electrolyte abnormalities, particularly hyponatremia accompanied by
hyperkalemia

These characteristic findings serve as clinically significant parameters in the
differential diagnosis of adrenal insufficiency.

9.2. Differential Diagnosis of Cushing Syndrome

In the diagnosis of Cushing syndrome, it is necessary to evaluate several
conditions that may present with similar clinical and biochemical findings. The
most common scenario is central obesity, in which the hypothalamic-pituitary-
adrenal (HPA) axis is usually intact, circadian rhythm is preserved, and cortisol
levels are suppressed by the low-dose dexamethasone suppression test (DST),
which helps differentiate it from true Cushing syndrome (van Rooijen et al.,
2016).

Chronic alcohol use may lead to a pseudo-Cushing state, presenting with
transient hypercortisolism-like features. In such cases, elevated liver enzymes
and findings such as hepatic steatosis support the diagnosis of underlying liver
pathology. Polycystic ovary syndrome (PCOS) is another endocrine disorder that
can mimic Cushing syndrome. While PCOS often presents with hirsutism,
menstrual irregularities, and insulin resistance, the HPA axis remains largely
unaffected, and elevations in DHEA-S are generally mild. Major depression and
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other severe psychiatric disorders may temporarily activate the HPA axis.
However, cortisol suppression is usually achieved with DST, making it useful for
differential diagnosis. Metabolic syndrome and insulin resistance may also share
clinical features with Cushing syndrome, but the HPA axis typically functions
normally in these patients (Keevil, 2021). Key diagnostic tests that confirm
endogenous hypercortisolism include lack of suppression in the low-dose DST,
elevated late-night salivary cortisol, and increased 24-hour urinary free cortisol
levels. These tests, combined with clinical assessment, are critical in
distinguishing Cushing syndrome from other mimicking conditions (Ceccato et
al., 2022).

9.3. Differential Diagnosis of Primary Aldosteronism

Primary aldosteronism (PA) is a form of endocrine hypertension that should
be evaluated particularly in patients with resistant hypertension and hypokalemia.
However, during the diagnostic process, it is important to exclude other
conditions that may present with similar clinical findings. The most commonly
encountered condition is essential hypertension, which, like PA, may present with
isolated hypertension. However, hypokalemia is rare, and the plasma aldosterone-
to-renin ratio (ARR) is generally within normal limits.

Renovascular hypertension, or secondary aldosteronism, develops due to
increased renin secretion caused by conditions such as renal artery stenosis. In
these patients, plasma renin activity is markedly elevated, which helps distinguish
it from PA (Nielsen & Jacobsen, 2009).

Cushing syndrome can also present with hypertension and hypokalemia;
however, in these patients, the cortisol axis is disrupted, and cortisol levels fail to
suppress during the low-dose dexamethasone suppression test, which helps in
differentiation.

Liddle syndrome, a rare monogenic cause of hypertension, leads to elevated
sodium channel activity, resulting in hypertension and hypokalemia. However,
both plasma aldosterone and renin levels are suppressed in these patients, which
differentiates them from PA.

Chronic kidney disease and nephrotic syndrome can also lead to a picture of
secondary aldosteronism due to reduced renal perfusion, resulting in the
activation of the renin-angiotensin-aldosterone system (RAAS). In such cases,
renin levels are elevated, and aldosterone increase is secondary.

The most distinguishing laboratory findings for PA include high plasma
aldosterone levels, low plasma renin activity, and a high aldosterone-to-renin

44



ratio (ARR). Interpreting these parameters together is critical to achieving an
accurate diagnosis (Asbach & Reincke, 2022).

9.4. Differential Diagnosis of Pheochromocytoma and Paraganglioma

Pheochromocytoma and paraganglioma are rare but potentially life-
threatening tumors characterized by paroxysmal hypertension, tachycardia,
sweating, and headache. Several clinical conditions should be considered in the
differential diagnosis. The most frequently mistaken conditions include panic
disorder and anxiety attacks, which may also present with sudden palpitations,
sweating, and dizziness. However, catecholamine levels are typically within
normal limits, and the physical symptoms are of neurovegetative origin.
Hyperthyroidism can mimic pheochromocytoma, especially with symptoms such
as tachycardia and heat intolerance. Nevertheless, suppressed TSH levels and
elevated free thyroid hormones aid in the differential diagnosis (Starkman et al.,
1990).

Hypoglycemia, particularly when caused by insulinoma, can present with
tremors, tachycardia, sweating, and neuroglycopenic symptoms. Simultaneous
findings of hypoglycemia and elevated insulin levels help guide the diagnosis.
Menopausal syndrome may present with hot flashes and palpitations that mimic
pheochromocytoma. However, hormone evaluations are generally within normal
limits, and there is no increase in catecholamine metabolites.

Additionally, the use of stimulant drugs such as amphetamines or cocaine can
produce similar symptoms. In such cases, a detailed medication history and
toxicology screening are important for differential diagnosis.

The most valuable biochemical indicators for diagnosing pheochromocytoma
and paraganglioma are significantly elevated levels of plasma free metanephrines
or 24-hour urinary metanephrines and normetanephrines. Due to their high
sensitivity and specificity, these tests are recommended as first-line diagnostic
tools. Reaching the correct diagnosis requires assessing both the paroxysmal
nature of symptoms and biochemical evidence (Abdel-Aziz et al., 2015).

10. Primary Care Follow-Up and Referral Criteria

Primary healthcare services play a critical role in the early detection of adrenal
gland disorders, conducting initial assessments, providing patient education, and
ensuring timely referrals to higher levels of care when necessary. Since adrenal
diseases often present with nonspecific symptoms, primary care physicians must
maintain a low threshold for clinical suspicion and carefully plan their referral
decisions.

45



10.1. General Follow-Up Principles

In the follow-up of adrenal gland disorders at the primary care level, attention
must be paid to several fundamental principles. First, clinical symptoms and
systemic signs such as hypertension, hypokalemia, weight changes, skin findings,
and psychiatric symptoms should be monitored at regular intervals. Laboratory
test results should be carefully evaluated; if borderline or suspicious values are
found, repeat testing may be necessary. Additionally, in patients initiated on
pharmacological  treatment—particularly ~ glucocorticoid  replacement,
mineralocorticoid antagonists, or antihypertensive therapy—adverse effects
should be monitored, and patients should be thoroughly informed about the
treatment process.

10.2. Referral Indications

Primary care physicians should refer patients to endocrinology, oncology, or
surgical specialties under the following conditions:

10.2.1. Adrenal Insufficiency
e  Morning cortisol level <3 pg/dL

e Elevated ACTH in combination with
hyponatremia/hyperkalemia

e Inadequate response on the Synacthen test

e Clinical presentation of adrenal crisis: hypotension, altered
mental status, vomiting, dehydration

10.2.2. Cushing Syndrome
e Post 1 mg DST cortisol >1.8 pg/dL
o Elevated late-night salivary cortisol or 24-hour urinary cortisol

e Cushingoid phenotype and metabolic disturbances (diabetes,
osteoporosis, hypertension)

10.2.3. Primary Aldosteronism
e Elevated plasma aldosterone/renin ratio (ARR)
e  Hypokalemia and resistant hypertension

e  Presence of adrenal mass and evidence of hormonal activity
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10.2.4. Pheochromocytoma / Paraganglioma

e Markedly elevated plasma metanephrines or urinary
catecholamines

e Triad of paroxysmal hypertension, headache, tachycardia, and
sweating

o Bilateral or extra-adrenal mass presence
10.2.5. Adrenal Incidentaloma
e Lesion diameter >4 cm

o Evidence of functional activity (elevated cortisol, aldosterone, or
metanephrines)

e  CT features such as >10 Hounsfield units, irregular borders, rapid
growth, or heterogeneous structure

o Bilateral lesions
10.3. Conditions Requiring Follow-Up
Non-functional Adrenal Adenomas, <4 cm in Diameter
e Radiological follow-up (CT or MRI) every 6-12 months.

e Annual hormonal screening (cortisol, metanephrines,
aldosterone/renin).

Subclinical Cushing's Syndrome

e  Monitoring for clinical progression or development of metabolic
complications.

o  Further evaluation regarding surgical candidacy.
Medically Managed Primary Aldosteronism
e  Monitoring of serum potassium levels and blood pressure.
e Adjustment of mineralocorticoid antagonist dosage.
10.4. Multidisciplinary Collaboration

Multidisciplinary collaboration plays a critical role in the effective and holistic
management of adrenal diseases. This process necessitates close cooperation with

various specialties, including endocrinology, nephrology, cardiology, psychiatry,

and oncology. A multidisciplinary approach should be a fundamental principle,
particularly in cases with suspected malignancy, instances of complex genetic
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syndromes, and patients requiring surgical intervention. This ensures that the
most appropriate decisions are made in the diagnostic, treatment, and follow-up
processes, ultimately benefiting the patient.”

11. Conclusion and Recommendations

Adrenal gland diseases represent rare yet potentially life-threatening disorders
of the endocrine system. These conditions can manifest with hormonal
hyperfunction or hypofunction. Given their often non-specific, insidious onset
and multisystemic clinical presentations, the awareness of primary care
physicians regarding these pathologies plays a crucial role in the diagnostic and
referral processes.

Early diagnosis reduces disease-related morbidity and mortality; timely
referral of appropriate patients to endocrinology or related specialties directly
impacts treatment success. Therefore, at the primary care level, the following are
important:

e ldentification of at-risk patient groups (resistant hypertension,
hypokalemia, unexplained weight changes, paroxysmal symptoms).

e Correctand timely utilization of simple and accessible screening tests.
e Appropriate interpretation of hormonal assessment results.

e Careful analysis of imaging findings for malignancy and functional
activity.

e Recommendations;

o Education and Awareness Enhancement: Continuous medical
education programs focusing on the recognition of adrenal
pathologies in family medicine and internal medicine practice should
be supported.

e Simplification and Implementation of Diagnostic Algorithms:
Diagnostic steps, particularly for common conditions such as adrenal
incidentaloma, Cushing's syndrome, and primary aldosteronism,
should be integrated into primary care.

e Multidisciplinary Coordination: Strong communication networks
should be established with endocrinology, radiology, nephrology,
cardiology, and surgical branches, and diagnostic and treatment
processes should be conducted through this collaboration.

e Patient Education and Follow-Up: Diagnosed patients or those under
surveillance should be informed about medication adherence,
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complication monitoring, and lifestyle modifications, and they should
be followed up regularly.

e Supportive Role of Health Policies: The accessibility of hormone tests
and imaging modalities used in the diagnosis and treatment of
endocrine diseases should be increased.”

In conclusion, the management of adrenal gland diseases can be effectively
carried out at the primary care level through strong clinical suspicion, the
selection of appropriate diagnostic tests, and timely referral. This approach will
not only improve individual patient outcomes but also reduce the long-term
burden on the healthcare system.
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1. Introduction

As the master regulator of the endocrine system, the pituitary gland
coordinates the functions of many peripheral endocrine organs through
neuroendocrine connections with the hypothalamus. Adrenocorticotropic
Hormone (ACTH), Thyroid Stimulating Hormone (TSH), Growth Hormone
(GH), Prolactin (PRL), Follicle Stimulating Hormone (FSH) and Luteinising
Hormone (LH) are released from the anterior pituitary. Together with
Antidiuretic Hormone (ADH) and oxytocin released from the posterior pituitary
gland, it plays a fundamental role in maintaining homeostasis (Gounden et al.,
2023). Pathologies of the pituitary gland may be mostly asymptomatic or may
first appear in primary care with nonspecific findings such as headache, visual
disturbances, menstrual irregularities, loss of libido, infertility and fatigue
(Jaursch-Hancke et al., 2021). The fact that these symptoms are common and
related to different systems may make it difficult to recognise pituitary
pathologies and cause delays in diagnosis. In this respect, it is of great importance
for primary care physicians to comprehend the basic anatomical structure,
physiopathological processes and clinical features of the pituitary gland and to
use this knowledge effectively in clinical practice in terms of early diagnosis and
referral.

Primary healthcare providers should be able to manage basic hormonal
evaluations, appropriate laboratory analyses and clinical prioritisation processes
before imaging by anticipating possible pituitary gland-derived endocrinopathies.
Early diagnostic approach in individuals with suspected pituitary dysfunction can
prevent secondary target organ damage and directly affect the patient's prognosis.
In addition, lesions such as pituitary adenoma may require emergency
intervention with mass effects in some cases, and in this context, primary care
physicians should be competent in emergency referral decisions (Esquenazi et al.,
2017). In this chapter, starting from the structural and functional characteristics
of the pituitary gland, common pituitary diseases, clinical clues, diagnostic
algorithms and management strategies in primary care will be discussed in detail.
Thus, it is envisaged to increase the effectiveness of the primary care approach in
the diagnosis and treatment of pituitary diseases.

2. Anatomy and Physiology of the Pituitary Gland

The pituitary gland is an endocrine organ weighing approximately 0.5 grams,
located in the bony structure called sella turcica. Anatomically, it consists of two
separate parts, the adenohypophysis (anterior lobe) and the neurohypophysis
(posterior lobe); these two structures develop from embryologically different
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origins. The adenohypophysis secretes six different trophic hormones by
responding to hypothalamic secretory hormones through the portal vasculature:
ACTH, TSH, GH, PRL, FSH and LH. The neurohypophysis stores ADH and
oxytocin synthesised in the hypothalamus via axonal transport and releases them
into the systemic circulation when needed (llahi & llahi, 2022; Dorton, 2000).

The physiology of the pituitary gland is based on a complex system of
hormonal control regulated by negative feedback mechanisms. For example,
corticotropin-releasing hormone (CRH) released from the hypothalamus
stimulates ACTH production. In this process, cortisol released from the adrenal
cortex suppresses the release of CRH and ACTH through a negative feedback
mechanism on the hypothalamus and pituitary. Similarly, TRH released from the
hypothalamus promotes TSH release in the adenohypophysis. Thyroid hormones
(T3 and T4) released from the thyroid gland inhibit the release of TRH and TSH
through negative feedback on the hypothalamus and pituitary. In addition,
hypothalamic gonadotropin-releasing hormone (GnRH) stimulates the release of
LH and FSH from the pituitary gland. Steroid hormones released from the gonads
regulate the release of GnRH, LH and FSH through negative feedback
mechanisms on the hypothalamus and pituitary (Nikrodhanond et al., 2006).

The physiology of the pituitary gland is based on a complex system of
hormonal control regulated by negative feedback mechanisms. For example,
corticotropin-releasing hormone (CRH) released from the hypothalamus
stimulates ACTH production. In this process, the adrenal cortex These
mechanisms help to precisely regulate hormone levels to ensure homeostasis of
the endocrine system. Disturbances in the regulatory mechanisms of the pituitary
gland can lead to the development of various clinical pictures characterised by
hyperfunction, hypofunction or mass effects. Therefore, the anatomical location
and physiological functioning of the pituitary gland is of critical importance both
in diagnostic processes and in the evaluation of systemic symptoms (Hershman
& Beck-Peccoz, 2023).

3. Clinical Findings and Classification of Pituitary Diseases

The pituitary gland is a central endocrine organ that maintains hormonal
balance. Pituitary disorders can cause a wide range of clinical symptoms with
disruption of this balance. Pituitary disorders are generally classified as
hyperfunction, hypofunction and symptoms due to mass effect.

Clinical Presentations:

1. Hyperfunction: This condition is usually caused by pituitary adenomas.
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e Prolactinoma: It manifests with symptoms such as amenorrhoea and
galactorrhoea in women and loss of libido and infertility in men.

e Acromegaly: Growth of hands and feet, facial features, diabetes and
cardiovascular complications occur in adults due to excess growth
hormone.

e Cushing's disease: Weight gain, hypertension and glucose intolerance
are observed due to excess ACTH.

2. Hypofunction: Pituitary insufficiency may be partial or complete.
Symptoms vary depending on the missing hormone:

e TSH deficiency: Causes symptoms of hypothyroidism such as fatigue,
cold intolerance and weight gain.

e ACTH deficiency: Symptoms of adrenal insufficiency such as fatigue,
hypotension and hypoglycaemia may develop.

e Gonadotropin deficiency: Menstrual irregularities in women, erectile
dysfunction and infertility in men may be observed.

3. Mass Effects: Macroadenomas or other pituitary masses may cause visual
field loss (especially bitemporal hemianopsia), headache and symptoms of cranial
nerve compression (Araujo-Castro et al., 2020; Samarasinghe et al., 2014;
Hanberg, 2005).

Classification: Pituitary disorders are usually classified as follows:

e Functional adenomas: Hormone-producing tumours (prolactinoma,
GH/ACTH-secreting adenomas).

¢ Non-functional adenomas: These are tumours that do not produce
hormones and are usually symptomatic with mass effect.

o Idiopathic pituitary insufficiency: Hypofunction that develops
without a known structural or tumoural cause.

e Pituitary apoplexy: It is an acute picture that develops due to sudden
haemorrhage or infarction and requires urgent intervention.

Pituitary disorders can present with a wide variety of symptoms and an
effective diagnostic process should include hormonal and structural assessment
of the patient. The clinical approach is based on the identification of the hormone
deficiency or excess and the assessment of the mass effect (Jho et al., 2014; Guijt
et al., 2022; Garcia-Feijoo et al., 2024).
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4. Adrenocorticotropic Hormone (ACTH) Disorders and Diagnosis

ACTH is a polypeptide hormone secreted from the adenohypophysis region
of the pituitary gland and is the main regulator of glucocorticoid secretion from
the zona fasciculata of the adrenal cortex. Disorders in ACTH levels have clinical
reflections as hyposecretion and hypersecretion.

ACTH deficiency (hypo-ACTHaemia) develops as a result of disruption of
the hypothalamo-pituitary-adrenal axis and is usually characterised by secondary
adrenal insufficiency. This condition results in the inability of the adrenal cortex
to synthesise adequate levels of cortisol due to inadequate ACTH production by
the pituitary gland. Mineralocorticoid synthesis is usually preserved in secondary
adrenal insufficiency because regulation of these hormones is mainly provided
by the renin-angiotensin system (Bornstein et al., 2016).

Elevated ACTH is usually seen as part of endogenous hypercortisolism. One
of the most common causes is pituitary-induced Cushing's disease, in which a
pituitary adenoma secretes ACTH, driving the adrenal glands to overproduce
cortisol. The other possibility is ectopic ACTH syndrome, in which non-pituitary
tumours such as pancreas, thyroid or lung produce ACTH. These pictures are
associated with systemic findings such as persistent hypertension,
hyperglycaemia and muscle weakness. Diagnosis is based on high-sensitivity
laboratory tests as well as dynamic tests and imaging modalities (Lacroix et al.,
2015; Arlt & Allolio, 2003).

The diagnostic process usually starts with measurement of basal ACTH and
cortisol levels. ACTH stimulation test is a reliable method used in the diagnosis
of adrenal insufficiency. High dose dexamethasone suppression test helps to
differentiate Cushing's disease from ectopic ACTH syndrome. In addition,
invasive methods such as inferior petrosal sinus catheterisation are used to
determine the source of ACTH. These tests are particularly important for
treatment planning. (Dogra & Vijayashankar, 2024; Andrioli et al., 2006).

5. Hyperprolactinaemia: Causes and Evaluation Pathway

Hyperprolactinaemia is a condition in which the hormone prolactin in the
blood exceeds normal reference ranges and may be due to various physiological,
pharmacological or pathological causes. The most common physiological causes
include pregnancy, breastfeeding and stress (Holt, 2008). Pathological causes
include prolactin-producing pituitary adenomas, prolactinomas, hypothalamic
lesions and hypothyroidism. In addition, some antipsychotic and antidepressant
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drugs may increase prolactin levels with their dopamine antagonist effect (Malik
etal., 2019)

The evaluation of hyperprolactinaemia requires a systematic approach and the
patient's clinical history is critical in this process. Initially, medications should be
questioned and a pregnancy test should be performed (Glezer et al., 2024). In
addition, hypothyroidism should be excluded by measuring TSH level (Frieze et
al., 2002).

Magnetic resonance imaging (MRI) is the main diagnostic method for the
detection of pituitary adenomas in the evaluation of hyperprolactinaemia.
Microadenomas (<10 mm) are frequently asymptomatic and are usually detected
incidentally during routine evaluations, whereas macroadenomas (>10 mm) may
compress the optic nerves and cause significant symptoms such as visual loss and
headache. MRI findings play a critical role in treatment planning by providing
detailed information about the size and extent of the tumour. In T2-weighted MRI
examinations, the signal characteristics and homogeneity of prolactinomas may
be helpful in predicting response to dopamine agonists; for example, tumours
showing heterogeneous T2 signal have been reported to have a lower success rate
in hormonal response (Burlacu et al., 2019)

Hyperprolactinaemia is an endocrine disorder that may develop due to many
causes and systematic evaluation is essential for accurate diagnosis. Evaluation
of clinical history, laboratory tests and imaging methods together is guiding in
the diagnosis. Hormonal balance can be achieved and the quality of life of
patients can be improved with agent-directed treatment. The approach to
hyperprolactinaemia requires a multidisciplinary approach.

6.  Diagnosis of Hypogonadism And Its Importance In Primary Health
Care

Hypogonadism is an endocrine disorder characterised by inadequate
production of sex hormones in men and women. This condition stands out as a
common but frequently undiagnosed clinical problem in primary health care
services. Inadequate production of sex hormones may lead to systemic effects
such as infertility, osteoporosis, loss of libido and decreased muscle strength. In
men, hypogonadism may be associated with testicular dysfunction (primary
hypogonadism) or hypothalamo-pituitary axis disorders (secondary
hypogonadism). Primary hypogonadism develops as a direct result of testicular
dysfunction, whereas secondary hypogonadism results from dysfunction of the
hypothalamus or pituitary gland (Darby & Anawalt, 2005). In women,
hypogonadism is characterised by clinical symptoms such as amenorrhoea and
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early menopause. It is vital for primary care physicians to be able to recognise
the symptoms of hypogonadism and perform appropriate diagnostic tests for early
diagnosis and treatment. Low serum testosterone levels measured in the morning
and the presence of symptoms of hypogonadism are essential in the diagnostic
process. In addition, assessment of serum LH and FSH levels is helpful in
determining whether hypogonadism is primary or secondary. Early diagnosis and
treatment play a critical role in preventing the long-term complications that
hypogonadism can lead to (Ross & Bhasin, 2016).

7. Diagnostic Process in Patients with Suspected Hypogonadism

In case of suspicion of hypogonadism, the primary care physician should
initiate the diagnostic process by first evaluating the patient's clinical symptoms.
In symptomatic male patients, it is recommended to measure total testosterone
levels twice in the morning. In female patients, it is important to evaluate estrogen
levels, especially in the presence of amenorrhoea. In addition, LH and FSH
measurements help to distinguish whether hypogonadism is of
hypergonadotropic or hypogonadotropic origin. In the diagnostic process, it is
also important to evaluate prolactin and TSH levels along with these hormone
profiles, as hyperprolactinaemia and hypothyroidism are among the conditions
that can lead to hypogonadism. Imaging modalities can be used especially to
detect pituitary gland lesions. MRI is recommended to rule out pituitary
adenomas, especially in the presence of hyperprolactinaemia (Ascoli &
Cavagnini, 2006; Sibal et al., 2002). This holistic approach helps to identify the
underlying causes of hypogonadism and plan appropriate treatment strategies.

8. Evaluation of Hormone Replacement in the Treatment of
Hypogonadism

Testosterone replacement therapy (TRT) can be used to relieve the symptoms
of hypogonadism and improve quality of life. Cardiovascular risks, prostate
health and haematocrit levels should be carefully monitored before and during
treatment. TRT does not increase the risk of cardiovascular events in the short
and medium term, but there is insufficient data on its long-term safety. It has also
been reported that TRT may increase the risk of benign prostatic hyperplasia and
cause elevated haematocrit levels (Gagliano-Juca & Basaria, 2019). Estrogen
replacement therapy in women can be used to alleviate postmenopausal
osteoporosis and vasomotor symptoms, but caution should be exercised because
of the risk of endometrial hyperplasia. It is therefore important for primary care
physicians to assess the risk-benefit balance of hormone replacement therapies
on a patient-by-patient basis (Harper-Harrison, Carlson, & Shanahan, 2024).
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The role of primary health care services in the diagnosis and management of
hypogonadism is critical in both diagnosis and long-term follow-up. In this
context, systematic questioning of symptoms, appropriate laboratory tests and
referral of patients to specialist centres are essential. In addition, primary care
physicians should follow current guidelines and be aware of new developments
in hormone therapies. Effective and timely intervention can prevent the adverse
consequences of hypogonadism and improve the quality of life of patients.

9.  Approach to Pituitary Adenomas in Primary Care

Pituitary adenomas, although generally benign, can cause serious clinical
conditions due to hormonal imbalances and mass effects. Therefore, it is crucial
for primary care physicians to recognize pituitary adenomas early and refer
patients appropriately. Prominent symptoms include headache, visual
disturbances, menstrual irregularities, loss of libido, and galactorrhea. Family
physicians who are aware of these symptoms can detect symptomatic forms of
pituitary adenomas at an early stage.

When establishing referral criteria, particular attention should be paid to
functioning adenomas with hormonal activity. For instance, symptoms related to
hypercortisolism, acromegaly, and prolactinomas require further investigation
and referral to endocrinology. In the presence of visual field loss or signs of optic
nerve compression, urgent neurosurgical evaluation is indicated. Furthermore,
even in asymptomatic cases, early referral is recommended for lesions that have
reached macroadenoma size (Tritos et al., 2022).

In cases evaluated in primary care, initial screening should be performed using
a basic hormonal profile, including prolactin, IGF-1, cortisol, TSH, FT4, LH, and
FSH, and pituitary MRI imaging should be requested. In individuals with
detected hyperprolactinemia, after excluding secondary causes, referral to
endocrinology is recommended for the evaluation of a possible prolactinoma.
Hormonal assessment is essential in patients presenting with nonspecific
symptoms such as menstrual irregularities, infertility, and erectile dysfunction.
Although these symptoms are often overlooked by patients, they can be identified
through careful history-taking (Melgar et al., 2016).

Early recognition and referral of pituitary adenomas is critical for reducing
complications and initiating treatment promptly. Increasing the awareness of
primary care physicians on this subject will positively impact patient prognosis.
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a. Imaging Requirements: When and Which Method?

Imaging techniques play a critical role in the diagnosis and follow-up of
pituitary adenomas. MRI is the gold standard for detailed anatomical evaluation
of the pituitary region, enabling precise determination of the size, location, and
relationship of adenomas with surrounding structures. MRI has clear advantages
over computed tomography (CT), particularly due to its superior soft tissue
contrast and multiplanar imaging capabilities (Guy et al., 1991).

Imaging is indicated in patients with clinical or biochemical suspicion of a
pituitary adenoma. MRI is especially recommended in cases of hormone excess
syndromes such as hyperprolactinemia, acromegaly, and Cushing’s disease, as
well as in cases presenting with signs of hypopituitarism. Additionally, MRI
should be used to evaluate the pituitary region in patients with unexplained
headache, visual disturbances, or other neurological symptoms (Gruppetta,
2022).

Pituitary lesions incidentally discovered during imaging for unrelated reasons
are referred to as pituitary incidentalomas. Initial MRI should assess the lesion’s
size and anatomical relationships. For macroincidentalomas (=10 mm), follow-
up MRI is recommended at 6 months and then annually. For microincidentalomas
(<10 mm), a repeat MRI should be performed within the first year, followed by
imaging every 1-2 years. If the lesion is in proximity to the optic nerve or chiasm,
visual field testing should be conducted at baseline and at regular intervals
thereafter. Hormonal evaluation, particularly for macroincidentalomas, should be
performed initially and annually. Throughout follow-up, tumor growth, hormonal
activity, and symptom development should be monitored to assess the need for
surgical intervention (Freda et al., 2011; Paschou et al., 2016).

The frequency and modality of imaging should be individualized based on
tumor size, growth rate, presence of symptoms, and hormonal activity. In
particular, for lesions located near the visual pathways, urgent MRI evaluation is
required if neurological symptoms develop.

b. Referral Criteria to Endocrinology and Follow-up Plan

Referral to an endocrinologist in the management of pituitary adenomas
should be based on the patient’s clinical status and tumor characteristics. Patients
with hormone-secreting adenomas (prolactinomas, acromegaly, Cushing’s
disease) or signs of hypopituitarism should be promptly referred for endocrine
evaluation and treatment. In addition, patients with tumor-related compression
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symptoms due to mass effect also require referral due to the need for a
multidisciplinary approach.

The follow-up plan should be tailored according to the tumor’s functional
status, size, and growth tendency. In non-functioning microadenomas, annual
clinical and hormonal evaluations may be sufficient after the initial assessment.
In macroadenomas, tumor growth should be monitored with MRI 6 months after
diagnosis and then annually. In patients receiving radiotherapy, due to the risk of
developing hypopituitarism, hormonal evaluation is recommended at 6 months
post-treatment and annually thereafter. For tumors located near the visual
pathways, regular ophthalmologic examinations should be conducted both at
baseline and during follow-up (Pekic et al., 2024; Vie & Raverot, 2019).

C. Management of Pituitary Adenomas in Women Planning
Pregnancy

The management of pituitary adenomas in women planning pregnancy
requires special attention for the safety of both mother and fetus. These patients
should be monitored by an endocrinologist before and during pregnancy, and
evaluated by a multidisciplinary team when necessary. Close monitoring is
important during pregnancy for potential tumor growth or hormonal changes. In
women with functioning adenomas such as prolactinomas, pre-pregnancy
treatment with dopamine agonists can reduce tumor size and lower the risk of
growth during gestation (Taieb et al., 2024).

In women with microprolactinomas, dopamine agonists are usually
discontinued once pregnancy is confirmed, and patients are monitored for
symptoms. In cases of macroprolactinomas, if the tumor is close to the optic
chiasm or has a high growth potential, continuation of dopamine agonists during
pregnancy may be considered. In non-functioning macroadenomas, surgical
treatment may be recommended before conception, depending on tumor size and
location (Luger et al., 2021).

If symptoms such as headache, visual disturbances, or other neurological signs
occur during pregnancy, urgent MRI evaluation is warranted. If serious
symptoms such as visual field loss develop, transsphenoidal surgery may be
required during pregnancy. Therefore, women with pituitary adenomas who are
planning pregnancy must be managed with an individualized follow-up and
treatment plan.
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10. Diagnostic Strategies for Hypopituitarism in Pituitary Disorders

Hypopituitarism is a clinical syndrome characterized by insufficient
production of one or more hormones of the pituitary gland. This condition may
involve a deficiency of all pituitary hormones or present as an isolated hormone
deficiency. The diagnostic process includes a detailed evaluation of clinical
symptoms, laboratory tests, and imaging studies (Schneider et al., 2007).

Clinical signs and symptoms vary depending on the specific hormone
deficiency. For example, corticotropin deficiency may manifest as fatigue and
hypotension, while thyrotropin deficiency can present with weight gain and cold
intolerance. Due to the typically slow progression of hypopituitarism, these
symptoms are often subtle, which may lead to delayed diagnosis. Therefore, a
high index of clinical suspicion is essential for diagnosis (Fleseriu et al., 2024).

Laboratory diagnosis involves measuring baseline pituitary hormone levels in
morning fasting blood samples, assessed alongside target organ hormone levels.
In some cases, dynamic tests such as the insulin tolerance test or ACTH
stimulation test may be necessary. Additionally, pituitary MRI should be
performed to investigate potential structural abnormalities (Toogood & Stewart,
2008).

Since delayed diagnosis increases the risk of morbidity and mortality, it is
important to screen all individuals at risk for hypopituitarism in the context of
pituitary disease. In particular, individuals with pituitary tumors, head trauma, or
a history of cranial radiotherapy should undergo more aggressive diagnostic
strategies (Prabhakar & Shalet, 2006). Early diagnosis allows for timely hormone
replacement therapy, which can significantly improve quality of life and reduce
complications.

11. Diagnosis and Referral Process of Pituitary Disorders in Primary
Care

Primary care services play a critical role in the early diagnosis and appropriate
referral of diseases. The recognition of rare but clinically significant conditions
such as pituitary disorders depends on the careful evaluation by primary care
physicians. Pituitary tumors often present with nonspecific symptoms; therefore,
a systematic assessment of symptoms is essential for timely referral. In patients
presenting with unexplained headache, menstrual irregularities, loss of libido, or
visual disturbances, pituitary pathology should be considered. Additionally,
slowly progressing symptoms due to hypopituitarism may be mistaken for
general complaints such as depression or fatigue (Shukla et al., 2021).
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An effective diagnostic process in primary care relies on a detailed medical
history and thorough physical examination. During clinical evaluation, signs of
hormonal imbalance should be considered, and appropriate laboratory tests
should be planned. Assessment of hormone levels such as prolactin, ACTH, TSH,
and insulin-like growth factor 1 (IGF-1) can aid in detecting pituitary
dysfunction. Clues obtained from routine blood tests can be decisive in initiating
further investigations. Furthermore, visual field assessment and evaluation of
optic symptoms are critical when a mass lesion is suspected. In such cases, urgent
referral to endocrinology or neurology specialists is required (Gendy & Rashid,
2017; Molitch, 2017).

The referral process is not limited to transferring suspected cases; it also
enables the initiation of multidisciplinary follow-up. Pituitary disorders often
require neuroendocrine monitoring and may involve various treatment modalities
including surgery, medical therapy, or radiotherapy. Therefore, the primary care
physician is expected to contribute not only to diagnosis but also to the follow-
up process. Referring patients for scheduled follow-up visits, assessing treatment
adherence, and early recognition of potential complications are essential aspects
of comprehensive care.

12. Imaging and Laboratory Methods
a. Magnetic Resonance Imaging (MRI)

Contrast-enhanced MRI is the primary imaging modality for the evaluation of
pituitary gland disorders. MRI is particularly sensitive for detecting
microadenomas smaller than 1 cm. Sequential and dynamic contrast-enhanced
images help distinguish adenomas from normal pituitary tissue. MRI also
provides rapid diagnostic information in emergency situations such as pituitary
apoplexy. Advanced imaging protocols help delineate tumor boundaries clearly,
facilitating surgical planning. Multiparametric MRI techniques are valuable in
differentiating adenomas from cysts, hypophysitis, and metastatic lesions (Davis
etal., 1994).

b. Hormonal Profile Assessment

Since the pituitary gland is responsible for secreting multiple vital hormones,
a detailed hormonal analysis is essential for functional evaluation. Hormone
levels including prolactin, GH, IGF-1, ACTH, TSH, FSH, and LH are used to
detect hypersecretion or hyposecretion syndromes. For example, elevated
prolactin levels are diagnostic in suspected prolactinomas. Hormone samples
should be collected in the morning, accounting for biological variation. Modern
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immunoassay-based analytical systems provide rapid and reliable results. These
biochemical evaluations also play a key role in treatment monitoring, not just in
diagnosis (Schilbach & Bidlingmaier, 2019).

¢. Endocrine Dynamic Testing (Stimulation/Suppression Tests)

In some pituitary hormone disorders, basal levels alone may be insufficient
for diagnosis, and dynamic testing becomes necessary. Low- and high-dose
dexamethasone suppression tests are used in ACTH excess, while arginine and
insulin tolerance tests are applied in growth hormone deficiency. These tests
assess the hormonal response to physiological stimulation or suppression. They
play a crucial differential role, especially in diagnosing conditions such as
Cushing's disease and acromegaly. When performed with appropriate timing and
technique, these tests significantly enhance diagnostic accuracy (Caputo et al.,
2022; Vilar et al., 2008).

d. Histopathological and Genetic Evaluation

Definitive diagnosis of pituitary masses is achieved through pathological
examination following surgical excision. Immunohistochemical methods are
used to identify which hormones are synthesized by tumor cells. Markers such as
the Ki-67 proliferation index and p53 expression help assess tumor
aggressiveness. Additionally, certain subtypes of adenomas have a genetic basis,
with mutations in USP8 (ubiquitin-specific protease 8), GNAS (guanine
nucleotide-binding protein alpha subunit), and AIP (aryl hydrocarbon receptor-
interacting protein) shown to play a role. These molecular-level analyses may
also guide therapeutic strategies (Guaraldi et al., 2024).

13. Treatment Methods

Treatment approaches for pituitary disorders vary depending on factors such
as tumor presence, hormone excess, or deficiency. In one of the most common
pituitary conditions, prolactinoma, medical therapy with dopamine agonists
especially cabergoline and bromocriptine is effective in most patients. In
disorders caused by growth hormone excess such as acromegaly, somatostatin
analogs, GH receptor antagonists, and dopamine agonists are frequently used
(Inder & Jang, 2022; Neggers et al., 2016; Ma et al., 2020).

Surgical treatment is often the first-line approach in cases of large pituitary
tumors such as macroadenomas or in drug-resistant cases. Endoscopic
transsphenoidal surgery is a widely used minimally invasive technique for
removing pituitary adenomas, associated with relatively low complication rates.
Postoperative normalization of hormone levels and improvement in visual
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symptoms are commonly observed. However, in cases where surgery is
inadequate or the tumor recurs, radiotherapy becomes necessary. Conformal
radiotherapy and stereotactic radiosurgery can deliver high-dose targeted
radiation, improving tumor control (Shaaban et al., 2024; Kowalchuk et al.,
2023).

In ACTH deficiency, replacement therapy with hydrocortisone or equivalent
glucocorticoids is vital to prevent adrenal crisis. In TSH deficiency,
levothyroxine is used for thyroid hormone replacement; however, adrenal
insufficiency should be ruled out before initiating levothyroxine, as thyroid
hormones increase cortisol metabolism and may precipitate an adrenal crisis. In
gonadotropin deficiencies, testosterone is replaced in men, while estrogen and
progesterone are administered in women. It's important to note that oral estrogen
can increase cortisol-binding globulin (CBG) levels, potentially raising total
cortisol and complicating the diagnosis of ACTH deficiency (Donald et al.,
2024). In growth hormone deficiency, GH replacement can improve quality of
life and body composition; however, GH therapy can affect cortisol and thyroid
hormone metabolism, requiring dose adjustments of hydrocortisone and
levothyroxine (Fierro & Hoffman, 2020). Hormone replacement therapy is
typically lifelong and requires regular clinical and laboratory monitoring
(Alexandraki & Grossman, 2019; Smith, 2004).

In recent years, personalized medicine approaches have gained prominence in
the treatment of pituitary diseases. Targeted treatment options based on the
genetic and molecular profiles of tumors are being explored, with promising
results especially in treatment-resistant adenomas. Moreover, lifestyle
modifications and psychosocial support have become important components of
care, particularly in patients with chronic hypopituitarism. Overall, a
multidisciplinary approach is essential in the treatment of pituitary disorders,
involving endocrinologists, neurosurgeons, radiation oncologists, and
psychologists to create individualized and effective treatment plans.

14.  Psychosocial Management of Pituitary Disorders: The Role of
Primary Care Physicians

During follow-up, patients’ symptom progression, hormonal levels, and
imaging findings should be evaluated through a multidisciplinary approach. The
response to medical treatment—particularly in endocrine disorders such as
prolactinomas and Cushing's disease—must be closely monitored. Patient
education, treatment adherence, and quality of life are essential components in
the care of all pituitary disorders. Regular follow-up in primary care plays a
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critical role in both preventing complications and identifying the need for early
surgical intervention. This facilitates a patient-centered, holistic approach to the
management of pituitary diseases.

Chronic pituitary disorders can significantly impact not only patients'
physiological health but also their psychosocial functioning. Conditions such as
hypopituitarism and acromegaly, due to long-standing hormonal deficiencies or
excesses, may lead to neuropsychiatric symptoms including depression, anxiety,
and social isolation. Therefore, a comprehensive approach addressing both
medical treatment and patients’ psychological and social needs is required
(Biermasz, 2019).

Psychosocial support plays a vital role in improving quality of life and
enhancing treatment adherence in these patients. Studies have shown that
psychological counseling, group therapies, and social support programs can lead
to a reduction in depressive symptoms, an increase in self-efficacy, and higher
treatment compliance. Especially in conditions like acromegaly and Cushing's
disease, psychosocial interventions can help mitigate self-esteem issues arising
from changes in physical appearance (Santos et al., 2021).

In the treatment process of chronic pituitary disorders, achieving hormonal
balance alone is not sufficient; psychosocial needs must also be addressed
comprehensively. Psychosocial support interventions improve patients’
psychological adaptation, enhance their motivation for treatment, and
significantly improve their overall quality of life. Structured psychosocial support
models integrated into clinical practice should be an indispensable component of
the multidisciplinary approach in managing pituitary disorders (Siegel et al.,
2021).

15. Conclusion and Recommendations

Recognizing pituitary disorders in primary healthcare is a critical step that
directly affects disease prognosis and patient quality of life. Due to their non-
specific symptoms, pituitary diseases are often overlooked by primary care
physicians. Early detection of conditions such as hypopituitarism and pituitary
adenomas is essential to prevent neurological and endocrine complications.
Physicians need to be made aware of key clinical signs, such as headaches, visual
disturbances, loss of libido, and fatigue, to ensure early suspicion and
investigation. Additionally, the early initiation of advanced diagnostic tools such
as hormonal assessment and brain imaging can accelerate the diagnostic process.
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Training programs targeting primary healthcare workers can greatly enhance
the recognition of pituitary disorders. Given the rarity of these conditions,
simplified summaries of clinical guidelines can support physicians in daily
practice. Establishing a rapid referral system to endocrinology for diagnosed
cases enables earlier initiation of treatment.

In conclusion, effective management of pituitary disorders in primary care
requires raising awareness, improving healthcare staff education, optimizing
referral pathways, and adopting a multidisciplinary approach to strengthen the
delivery of integrated healthcare services.
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