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Abstract: Bardet – Biedl syndrome is a rare autosomal recessive multisystem non-motile ciliopathy. It has heterogeneous clinical 
manifestations. It is caused by mutations in 26 genes encoding BBSome proteins, chaperonines, and IFT complex. The main clinical 
features are: retinal cone-rod dystrophy, central obesity, postaxial polydactyly, cognitive impairment, hypogonadism and genitourinary 
anomalies, and kidney disease. The onset of clinical manifestations is variable which makes the diagnosis difficult in some patients. 
Because of the multiple system involvement, a multidisciplinary approach is necessary. The purpose of this review is to provide 
monitoring and management directions for a better approach to these patients. 
Keywords: Bardet-Biedl syndrome, genetic heterogeneity, multidisciplinary, management

Introduction
Bardet-Biedl syndrome is a rare, autosomal recessive inherited, genetic syndrome caused by defects in the genes 
encoding proteins of the cilium / basal body complex. This non-motile ciliopathy is characterized by rods and cones 
cell dystrophy, learning difficulties, polydactyly, obesity, genital malformations and renal malformations.1,2 The pheno
type of Bardet-Biedl syndrome develops progressively in the first and the second decade of life, although there are large 
differences from patient to patient. Thus, most people are diagnosed in late childhood or even when they are young 
adults.3

The clinical diagnosis of Bardet-Biedl syndrome is made by the presence of 4 major features or 3 major and 2 minor 
features. The major and the minor features are listed in Table 1.3,4

BBS belongs to a group of ciliopathies and there is a clinical overlap between the different ciliopathies, which 
makes the diagnosis sometimes difficult. The involvement of eyes (retinal dystrophy), nose (anosmia), ears (hearing 
loss), brain (ataxia, epilepsy, mental disability, brain malformations), facial anomalies, energy homeostasis (central 
obesity), skeleton (skeletal anomalies), reproductive system (hypogonadism, genital anomalies), kidney (renal 
anomalies), liver (hepatic disease – liver fibrosis) are present primarily in non-motile cilia disorders. Involvement 
of the reproductive system with infertility, the brain with hydrocephaly and the respiratory system with chronic 
respiratory problems are especially associated with motile cilia disorders. The organ placement (organ laterality 
defects) and the involvement of heart with the congenital heart defects can be present in both motile and non-motile 
ciliopathies.5
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Genetics
Bardet-Biedl syndrome (BBS) is a rare condition with autosomal recessive inheritance. BBS is characterized by genetic 
heterogeneity (locus, allelic, mutational and clinical).6 Table 2 summarizes the genes whose mutations have been 
associated with Bardet-Biedl syndrome.

Table 1 Criteria for Diagnosis of Bardet-Biedl Syndrome

Major Features Minor Features Criteria for Diagnosis

Rod-cone dystrophy 
Polydactyly 

Central obesity 

Hypogonadotropic hypogonadism and/or 
genitourinary anomalies 

Renal anomalies 

Cognitive impairment

Speech delay 
Developmental delay 

Diabetes mellitus 

Dental anomalies 
Congenital heart disease 

Brachydactyly/syndactyly 

Ataxia/poor coordination 
Anosmia/hyposmia

● Four major features
● Three major features and two 

minor features

Table 2 Genes and Proteins Involved in Bardet-Biedl Syndrome

No Gene (Previous/Alias 
Symbol)

Approved Name (Previous/ 
Alternative Name)

Chromosomal 
Location

Protein – Recommended Name 
(Previous/Alternative Name)

1 BBS1 (FLJ23590) Bardet-Biedl syndrome 1 11q13.2 Bardet-Biedl syndrome 1 protein (BBS2- 

like protein 2)

2 BBS2 (BBS) Bardet-Biedl syndrome 2 16q13 Bardet-Biedl syndrome 2 protein

3 ARL6 (BBS3; RP55) ADP ribosylation factor like GTPase 6 

(ADP-ribosylation factor-like 6)

3q11.2 ADP-ribosylation factor-like protein 6

4 BBS4 Bardet-Biedl syndrome 4 15q24.1 Bardet-Biedl syndrome 4 protein

5 BBS5 (DKFZp762I194) Bardet-Biedl syndrome 5 2q31.1 Bardet-Biedl syndrome 5 protein

6 MKKS (BBS6) MKKS centrosomal shuttling protein 

(McKusick-Kaufman syndrome)

20p12.2 McKusick-Kaufman/Bardet-Biedl 

syndromes putative chaperonin

7 BBS7 (FLJ10715; BBS2L1) Bardet-Biedl syndrome 7 4q27 Bardet-Biedl syndrome 7 protein

8 TTC8 (BBS8; RP51) Tetratricopeptide repeat domain 8 14q31.3 Tetratricopeptide repeat protein 8

9 BBS9 (B1; PTHB1) Bardet-Biedl syndrome 9 (parathyroid 
hormone responsive B1 gene)

7p14.3 Protein PTHB1 (Bardet-Biedl syndrome 9 
protein; Parathyroid hormone-responsive 

B1 gene protein)

10 BBS10 (C12orf58; FLJ23560) Bardet-Biedl syndrome 10 (chromosome 

12 open reading frame 58)

12q21.2 Bardet-Biedl syndrome 10 protein

11 TRIM32 (LGMD2H) Tripartite motif containing 32 (limb girdle 

muscular dystrophy 2H (autosomal 

recessive); tripartite motif-containing 32; 
E3 ubiquitin-protein ligase TRIM32)

9q33.1 E3 ubiquitin-protein ligase TRIM32 (72 

kDa Tat-interacting protein; RING-type 

E3 ubiquitin transferase TRIM32 Curated; 
Tripartite motif-containing protein 32; 

Zinc finger protein HT2A) 

12 BBS12 (C4orf24; FLJ35630; 
FLJ41559)

Bardet-Biedl syndrome 12 (chromosome 

4 open reading frame 24)

4q27 Bardet-Biedl syndrome 12 protein

(Continued)
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Table 2 (Continued). 

No Gene (Previous/Alias 
Symbol)

Approved Name (Previous/ 
Alternative Name)

Chromosomal 
Location

Protein – Recommended Name 
(Previous/Alternative Name)

13 MKS1 (MKS; FLJ20345; 
POC12; BBS13)

MKS transition zone complex subunit 1 17q22 Meckel syndrome type 1 protein (Meckel 
syndrome, type 1; POC12 centriolar 

protein homolog (Chlamydomonas))

14 CEP290 (KIAA0373; 
FLJ13615; 3H11Ag; rd16; 
NPHP6; JBTS5; SLSN6; 
LCA10; MKS4; BBS14; CT87; 
POC3)

centrosomal protein 290 (centrosomal 

protein 290kDa; Joubert syndrome 5; 

nephrocystin-6; cancer/testis antigen 87; 
POC3 centriolar protein homolog 

(Chlamydomonas); Meckel syndrome, 

type 4; Bardet-Biedl syndrome 14)

12q21.32 Centrosomal protein of 290 kDa 

(Cep290; Bardet-Biedl syndrome 14 

protein; Cancer/testis antigen 87 (CT87); 
Nephrocystin-6; Tumor antigen se2-2)

15 WDPCP (C2orf86; hFrtz; fritz; 
BBS15; CPLANE5)

WD repeat containing planar cell polarity 

effector (chromosome 2 open reading 
frame 86; ciliogenesis and planar polarity 

effector complex subunit 5)

2p15 WD repeat-containing and planar cell 

polarity effector protein fritz homolog 
(hFRTZ) (Bardet-Biedl syndrome 15 

protein; WD repeat-containing and planar 

cell polarity effector protein)

16 SDCCAG8 (NY-CO-8; CCCAP; 
SLSN7; NPHP10; BBS16)

SHH signalling and ciliogenesis regulator 

SDCCAG8 (serologically defined colon 
cancer antigen 8; centrosomal colon 

cancer autoantigen protein; Bardet-Biedl 

syndrome 16; nephrocystin 10; Senior- 
Loken syndrome 7)

1q43-q44 Serologically defined colon cancer antigen 

8 (Antigen NY-CO-8; Centrosomal colon 
cancer autoantigen protein (hCCCAP))

17 LZTFL1 (BBS17) leucine zipper transcription factor like 1 
(leucine zipper transcription factor-like 1)

3p21.31 Leucine zipper transcription factor-like 
protein 1

18 BBIP1 (NCRNA00081; 
bA348N5; BBIP10; BBS18)

BBSome interacting protein 1 (non- 
protein coding RNA 81)

10q25.2 BBSome-interacting protein 1 (BBSome- 
interacting protein of 10 kDa)

19 IFT27 (RABL4; RAYL; BBS19; 
FAP156)

Intraflagellar transport 27 (RAB, member 

of RAS oncogene family-like 4; 

intraflagellar transport 27 homolog 
(Chlamydomonas))

22q12.3 Intraflagellar transport protein 27 

homolog (Putative GTP-binding protein 

RAY-like; Rab-like protein 4)

20 IFT74 (CCDC2; CMG1; CMG- 
1; FLJ22621)

Intraflagellar transport 74 (coiled-coil 
domain containing 2; intraflagellar 

transport 74 homolog (Chlamydomonas); 

capillary morphogenesis protein 1)

9p21.2 Intraflagellar transport protein 74 
homolog (Capillary morphogenesis gene 1 

protein (CMG-1); Coiled-coil domain- 

containing protein 2)

21 CFAP418 (C8orf37; FLJ30600; 
CORD16; RP64; BBS21; 
FAP418; MOT25)

Chromosome 8 open reading frame 37 

(chromosome 8 open reading frame 37; 
cone-rod dystrophy 16; Bardet-Biedl 

syndrome 21)

8q22.1 Cilia- and flagella-associated protein 418 

22 CCDC28B (MGC1203; RP4- 
622L5.5)

Coiled-coil domain containing 28B 1p35.2 Coiled-coil domain-containing protein 

28B

23 SCLT1 (hCAP-1A, FLJ30655) Sodium channel and clathrin linker 1 4q28.2 Sodium channel and clathrin linker 1 

(Sodium channel-associated protein 1)

24 NPHP1 (NPH1; JBTS4; SLSN1) Nephrocystin 1 (nephronophthisis 1 

(juvenile))

2q13 Nephrocystin-1 (Juvenile 

nephronophthisis 1 protein)

(Continued)
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The genes involved in BBS encode components of the BBSome (Bardet-Biedl syndrome 1 protein, Bardet-Biedl 
syndrome 2 protein, Bardet-Biedl syndrome 4 protein, Bardet-Biedl syndrome 5 protein, Bardet-Biedl syndrome 7 
protein, Tetratricopeptide repeat protein 8, Protein PTHB1, BBSome-interacting protein 1) and also chaperonins 
(McKusick-Kaufman/Bardet-Biedl syndromes putative chaperonin, Bardet-Biedl syndrome 10 protein, Bardet-Biedl 
syndrome 12 protein).7 The BBS proteins are involved in several signalling pathways: GPCR (G protein-coupled 
receptors), Wnt (wingless-related integration site), mTOR (mammalian target of rapamycin). GPCR are important 
proteins for the structure and the function of the cilia both in the prenatal and postnatal development.11 Some GPCRs 
appears during postnatal developmental according to the neuronal type and function (somatostatin receptor 3 SSTR3, 
melanin-concentrating hormone receptor 1 - MCHR1, serotonin receptor 6–5HTR6, kisspeptin 1 receptor - KISS1R, 
dopamine receptors 1, 2, and 5, neuropeptide Y receptors - NPY2R and NPY5R).11

Niederlova et al suggested some genotype-phenotype correlations: the phenotype of the patients with mutations in 
ARL6 is typically a milder one compared to the patients with mutations in genes that encodes BBSome or chaperonines; 
mutations in BBS4 gene are not associated with a more severe phenotype than other BBS patients; mutations in BBS2 or 
BBS10 genes associates more often polydactyly and renal anomalies than patients with mutations in BBS1 gene; the 
penetrance of kidney anomalies is low in patients with mutations in BBS1, BBS4 or TTC8 genes and is high in patients 
with mutations in BBS2, BBS7, BBS9 genes.10

Multidisciplinary Approach
Both characteristics of BBS – the pleiotropy and the variable onset of the signs and symptoms - request 
a multidisciplinary approach (Figure 1). The multidisciplinary team has a dynamic component correlated with various 
stages of life and imply different medical specialties: paediatrics, neurology, dentistry, ophthalmology, endocrinology, 
ENT, genetics, cardiology, psychology, surgery, gastroenterology, nephrology.

Ocular Involvement - Rod-Cone Dystrophy
The main ophthalmic manifestation is the rod-cone dystrophy (RCD), found in 94% of the patients and considered to be 
the highest penetrance sign (100% penetrance in some studies).12–14 The rod-cone dystrophy is characterized by primary 
loss of rod photoreceptors and subsequent loss of cone photoreceptors, with a pigmentary retinopathy pattern.3,13 RCD is 
the second major cause of syndromic retinal degeneration.14,15 Other ophthalmic phenotypes described in the literature 
are: central cone-rod dystrophy, global severe retinal dystrophy, choroidal dystrophy.13,16 The symptoms appear in the 
first decade of life with nyctalopia, which is usually evident by the age of 7–8 years old.13,17 Progressive peripheral 
vision loss, decreased colour discrimination, impairment and loss of visual acuity can be observed throughout the 
evolution.12,14 Most patients are legally blind in the second or third decade of life.18 Other ocular anomalies are posterior 
subcapsular cataract and refractive errors, strabismus, nystagmus.3,6,17

Table 2 (Continued). 

No Gene (Previous/Alias 
Symbol)

Approved Name (Previous/ 
Alternative Name)

Chromosomal 
Location

Protein – Recommended Name 
(Previous/Alternative Name)

25 SCAPER (ZNF291; Zfp291) S-phase cyclin A associated protein in the 
ER (zinc finger protein 291)

15q24.3 S phase cyclin A-associated protein in the 
endoplasmic reticulum (S phase cyclin 

A-associated protein in the ER) (Zinc 

finger protein 291)

26 IFT172 (SLB; wim; osm-1; 
NPHP17; BBS20)

Intraflagellar transport 172 (intraflagellar 

transport 172 homolog 
(Chlamydomonas); wimple homolog)

2p23.3 Intraflagellar transport protein 172 

homolog

Note: Data from these studies.7–10.
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Electroretinography (ERG) is the test of choice.3 Thus, early changes can be highlighted in the first two years of life, 
even before the development of fundus abnormalities.19

The baseline evaluation at the time of diagnosis includes: ophthalmic examination, electroretinogram, visual field 
testing, fundus examination, ERG and optical coherence tomography (OCT).12,20 Fundoscopic photographs are recom
mended for later reference.6,20 Infants and young children must be evaluated for strabismus and nystagmus, while older 
children and adults must be evaluated also for cataract.12

The surveillance must be done every year or as directed by ophthalmologist. The follow-up must include: visual 
acuity, visual field testing, fundus examination, ERG and screen for cataract, glaucoma and diabetic retinopathy.20

The management aims the correction of refractive errors. The tinted glasses are recommended if photophobia is 
present.20 Educational programs must be adapted to progressive visual impairment. The needs of a blind adult in 
educational programming must be anticipated.3,6,20,21

Polydactyly
Digital anomalies are represented by postaxial polydactyly (PAP), a major feature found in 79% of the patients. It is 
characterized by additional digits on the ulnar side of the hand and/or on the fibular side of the foot.12,20 It can affect both 
hands and feet, only the feet and, less often, only the hands.5,6 It should be noted that brachydactyly and/or syndactyly, 
with or without polydactyly, are considered minor features of BBS.12 It has also been described mesoaxial polydactyly in 
patients with pathogenic variants of the LZTFL1 gene.22,23 Surgical removal of accessory digits is recommended. It is 
recommended an early intervention, especially for feet polydactyly.

Obesity
Obesity is a feature of the Bardet-Biedl syndrome that is found in 89% of the diagnosed patients.12 Weight at birth is 
often within normal limits, although it is often towards the upper limit of normal. More than a third of the patients with 

Figure 1 Pleiotropy and multidisciplinary management in Bardet-Biedl syndrome. Created with BioRender.com.
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Bardet-Biedl syndrome and normal birth weight develop overweight or obesity by the age of 1 year old. In adults, obesity 
is especially truncal, but in children it is evenly distributed throughout the body.3 The average value of BMI is 35.7 ± 
7.8 kg/m2.24

A recent study of people with Bardet-Biedl syndrome found the prevalence of overweight and obesity according to 
WHO standards for raising children as follows in Table 3.25

Hunger, satiety and energy consumption are deeply controlled processes in which neuroendocrine factors play 
a significant role. Some authors report polymorphisms in BBS4 (rs7178130), BBS6 (rs6108572, rs221667) and BBS2 
(rs4784675) genes in early onset childhood and common adult severe obesity, which suggests their involvement in its 
development.26

Most BBS proteins are expressed in the primary cilia, which has so far failed to explain the occurrence of obesity 
in BBS. There is a hypothesis that BBS proteins are involved in loss of appetite regulation at the central level due to 
a defect in the ciliary.27 The BMP-8B protein (bone morphogenetic protein 8B) has been reported to play an 
important role in the metabolism through endocrine and paracrine actions, modulating the thermogenesis of the 
brown adipose tissue.28,29 It seems that BBSome is a critical determinant of the neuronal BMB-8B sensitivity.30 The 
potential mechanism involving BBS1 gene in inducing obesity is supported by the loss of central BMP-8B response 
in mice carrying a single missense mutation in Bbs1 gene.30 Other hypothesis of the development of obesity in BBS 
is that of impaired membrane expression of the leptin receptor (LepRB) in the hypothalamic cell population. Leptin, 
a polypeptide hormone, binding to its receptor in the brain, decreases food intake and increases energy expenditure. 
Genetic alterations of LepRB will promote signaling pathway associated with the development of obesity.31,32

Baseline evaluation includes: measurements of height, weight, head and waist circumference, calculation of BMI and 
waist-hip ratio, dietary evaluation with caloric intake and dietary components and the assessment of daily physical 
activity level.6,12,20 All these parameters will be evaluated at each medical visit.12

Obesity treatment is difficult for BBS patients and includes also, as for other obese patients, diet and lifestyle changes. 
Regular exercise program for weight control and behavioral and family therapy are recommended.6 For those who had 
a body mass index (BMI)> 30 kg/m² pharmacotherapy is recommended (eg, orlistat, lorcaserin, phentermine-topiramate, 
naltrexone-bupropion). In patients with a BMI >40 kg/m2 or those with BMI> 35 kg/m2 and comorbidities bariatric 
surgery can be discussed.33–36

Obesity complications are recommended to be treated as in the general population.3 To anticipate these complications, 
there should be made annual measurements of the blood pressure, blood glucose and haemoglobin A1C levels and the 
serum cholesterol and lipid levels.

A novelty in the therapy of the Bardet-Biedl syndrome is the administration of targeted therapies. An example is the 
use of melanocortin receptor agonists as a potential treatment for obesity in the syndrome.37 A research of the 
mechanisms leading to aberrant signalling by mutant proteins is ongoing, but there is evidence that there are defects 
in the leptin-melanocortin hypothalamic axis occurring in the Bardet-Biedl syndrome.38 This leads to resistance to leptin, 
which generate obesity.37

There are promising results in studies of subcutaneous injection treatment with setmelanotide, a melanocortin 4 
receptor agonist, studied now in Phase 3 clinical trials.39 The clinical group evaluated by Haws RM et al included 
individuals aged >6 years old, with a diagnosis of BBS or Alström syndrome, treated with randomized, double-blind, 

Table 3 Prevalence of Overweight and Obesity

Age Normal Weight (No/ %) Overweight (No/ %) Obesity (No/ %)

<2 years old 53 (44.5%) 39 (32.8%) 27 (22.7%)

2–5 years old 42 (21.4%) 36 (18.4%) 118 (60.2%)

6–11 years old 13 (5.9%) 24 (10.9%) 184 (83.3%)

12–19 years old 17 (8.2%) 31 (14.9%) 160 (76.9%)

Note: Data from Pomeroy et al.25
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placebo-controlled therapy. They selected individuals with body mass index ≥30 kg/m2 (aged ≥16 years old) or weight 
>97th percentile (aged 6–15 years old). The therapeutic regimen was different depending on the age of the patients. For 
patients aged >16 years old, the dose of setmelanotide was initially 2 mg/day in the first 2 weeks and 3 mg per day from 
the 3rd week. For patients aged between 6 and 16 years old, the following regimen was used: first week - 1 mg/ 
day; second week 2 mg/day; from the 3rd week on 3 mg per day. Weight changes were noted after 52 weeks of treatment. 
These results include, in BBS patients, weight loss and feelings of early satiety.39

Hypogonadotropic Hypogonadism and/or Genitourinary Anomalies
Hypogonadism and genitourinary anomalies have been reported in 59% of the cases.10 The hypogonadism may be 
clinically manifest only at puberty by delaying the onset of secondary sexual characteristics. Anomalies described in 
males include cryptorchidism, short scrotum, micropenis, and low testicular volume, suggesting the possibility of 
infertility.3

In women, anatomical anomalies described are hypoplastic or duplex uterus, hypoplastic fallopian tubes and/or ovaries, 
septate vagina, partial or complete vaginal atresia, absent vaginal and/or urethral orifices, hydrocolpos/hydrometrocolpos, 
persistent urogenital sinus, and vesicovaginal fistula.40 Polycystic ovary syndrome has been rarely reported.24

Hormone testing revealed hypogonadotropic hypogonadism in some patients, while hypogonadism due to testicular 
origin was reported in others.41–44

Some studies describe a 63% frequency of pituitary abnormalities visible by MRI (pituitary hypoplasia, empty sella, 
Rathke’s cyst, enlarged pituitary gland) accompanied by hormonal imbalances in 45% of the cases (hyperprolactinemia, 
low FSH/LH and growth hormone deficiency).41 The treatment of the growth hormone deficiency and the hyperpro
lactinemia is being administered accordingly to the current guidelines.

The control of the GnRH release by kisspeptin signalling is reported to be involved in the gonadotropic axis activity 
during foetal life period, the pubertal onset and in maintaining fertility in adults.45,46 Congenital ciliary cell dysfunction in 
BBS may explain the decreased hypothalamic kisspeptin receptor KISS1R with secondary hypogonadism.45,47 This appears 
to be reversible in many cases, supporting the hypothesis that, at puberty, GnRH neurons increase the number of expressed 
cilia and, thus, could lead to normal development of the gonadotrophic axis in adults.48,49 It should not be overlooked that 
cryptorchidism and obesity can both impact on gonadic function with the decrease of the ratio testosterone/LH.49

Safa Mujahid et al, 2018, reported low SHBG in most of the patients with hypogonadism.24 Decreased SHBG levels 
are reported in obesity, glucocorticoid use, insulin resistance, type II diabetes mellitus and hypothyroidism and, thus, we 
consider that low SHBG in BBS patient could be interpreted also because of the obesity status.50–53

Other mechanism of infertility in men with BBS appears to be due to inappropriate conditions for spermatogenesis 
(short scrotum and obesity which disturb scrotal thermoregulation), unilateral agenesis of a seminal vesicle and partial 
obstruction of the genital duct by cysts.49,54 However, in adult men, sperm structure does not seem to be affected by 
primary cilia disfunction in BBS.49

Some authors recommend annual laboratory assessment for hypogonadism starting at the age of 13 years old. Other 
authors propose to refrain from initiating testosterone treatment in asymptomatic BBS men but, also, to continue studying 
this type of treatment that would improve metabolic parameters, including body composition and would increase muscle 
strength.24 The androgen replacement therapy regimen and doses used are those recommended for the paediatric and 
adult population with hypogonadism.55 General recommendations for hypogonadotropic hypogonadism treatment, both 
in women and men, are based on experience and current guidelines.56–58

Fertility is reported to be diminished for both sexes but they may have offsprings.24 There are few reports of the 
association of BBS and endometrial carcinoma. It should be considered in women with BBS and risk factors for 
hyperoestrogenism (obesity, hyperinsulinemia, ovulatory dysfunction).59–61

Renal Anomalies
Renal abnormalities in BBS can be a major cause of morbidity and mortality.62 The prevalence of renal disease has been 
estimated at 53–82%.63–65

Polycystic kidney disease, a typical feature of ciliopathies with renal manifestations can be associated with BBS.62–70
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In a foetus/infant with a structural kidney disease or genitourinary malformations and/or other features (postaxial 
polydactyly) BBS must be suspected. Prenatal ultrasonography is useful in detection of renal cysts, but in 39% of the 
patients the results of the foetal ultrasonography are normal and the renal cysts are detected after birth.71

Renal anomalies are both structural and functional.
Renal tract malformations which can be discovered by ultrasonography are: renal dysplasia, unilateral renal agenesis, 

horseshoe kidneys, ectopic, duplex kidneys, foetal lobulation and diffuse cortical scarring, calyceal or parenchymal cysts, 
cystic tubular disease.

Other reported anomalies are glomerulosclerosis and tubulo-interstitial fibrosis, glomerular basement membrane 
disease, mesangial proliferation and sclerosis.

Urinary concentration defects (polyuria and polydipsia) caused by reduced concentrating ability due to reduced 
responsiveness to vasopressin with diabetes-like syndrome, kidney failure, renal anemia, hypertension can be detected.

In 31% of the children and 42% of the adults with BBS chronic kidney disease is present. End stage renal disease can 
be detected in early childhood (before the age of 5) or in adulthood related to BBS or to complications as hypertension or 
type 2 diabetes. 6% of the children and 8% of the adults developed end stage renal disease requiring dialysis or 
transplantation.63

Meyer et al reported some genotype-phenotype correlations in BBS associated with kidney disease. The severe 
kidney disease is more often associated with pathogenis variants in BBS10 gene (predominantly truncating variants) and 
BBS1 gene (predominantly missense variants). The patients with BBS determined by truncating variants in other genes 
(not only BBS10) have an increased risk for kidney failure. The author showed that truncating variants in SDCCAG8 gene 
has a highly predictive risk for early onset of kidney failure. Other genes associated with early onset of kidney failure 
were IFT172, SDCCAG8.72

However, some patients with structural renal anomalies do not develop functional renal disease.73

Urological anomalies included urinary incontinence, vesicoureteral reflux, neuropathic bladder and bladder outflow 
obstructions.

Investigation of clinical symptoms as anemia, polyuria, and polydipsia, hypertension, urinary tract infection, renal 
colic, symptoms of neurogenic bladder or bladder outflow obstruction is important at each evaluation visit.

Baseline investigations and yearly follow-up include basal blood pressure assessment, 24-hour blood pressure 
monitoring, complete blood cell count (CBC), serum creatinine, urea, cystatin C, electrolytes, glomerular filtration rate 
(GFR), urinary analysis for glucose, urinary protein (early morning urine analysis for albumin/creatinine ratio), hematuria 
and osmolarity, bladder and renal ultrasound examination.3,6,12

For detecting the calyceal anomalies abdominal magnetic resonance imaging can be done.
If structural or functional renal anomalies are present the patient must be referral to a nephrologist and should be 

monitored as directed by the nephrologist.
Another pathology rarely reported is nephrogenic diabetes insipidus (NDI), explained by the lack of renal response to 

desmopressin, probable due to vasopressin V2 receptor (V2R) damage.24 V2R, normally activated by antidiuretic 
hormone (ADH), is localized in the basolateral membrane of the principal cells alongside the collecting duct (CD). 
Marion et al describe that silencing BBS10 gene in human CD cell line leads primary to the loss of the cilium, and 
secondary to diminishing functions of V2R.69 Due to renal resistance to ADH, patients do not have a good response to 
desmopressin treatment. In patients with NDI, treatment is intended to decrease the polyuria and avoiding hypernatremia 
and volume depletion (low-sodium diet, drink adequate amounts of water).74

Metabolic Syndrome
Metabolic syndrome has an incidence of 54.3% in patients with BBS.24 Early detection of metabolic syndrome followed by 
appropriate treatment is necessary in order to prevent complications such as cardiovascular disease and diabetes later in life. 
The International Diabetes Federation (IDF) consensus definition of metabolic syndrome in children and adolescents (IDF) is 
being used. In the age group 6–10 years, the metabolic syndrome cannot be diagnosed, but weight reduction is recommended 
for children with abdominal obesity. In patients aged 10 years or older, metabolic syndrome is defined in the presence of 
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abdominal obesity associated with two or more of the following features (elevated triglyceride, low HDL-cholesterol, high 
blood pressure, increased plasma glucose). The values used for diagnosis can be found in Table 4.75

Baseline evaluation consists of a lipid panel (triglycerides, HDL-C, LDL-C, total cholesterol) and fasting blood 
glucose and HgbA1c. These will be repeated annually from the age of 4, if they are normal. In people with metabolic 
syndrome, the monitoring should be more frequent.12

Diabetes
Type 2 Diabetes Mellitus has an incidence of 15.8% in patients with BBS.24 The diagnostic criteria established by The 
American Diabetes Association (ADA) are used for diagnosis.76 One of the following tests can be used:

1. Fasting plasma glucose (FPG) ≥126 mg/dL (7.0 mmol/L) OR
2. 2-h plasma glucose (PG) ≥200 mg/dL (11.1 mmol/L) during OGTT (after age of 12 years old) OR
3. A1C ≥6.5% (48 mmol/mol) OR
4. In a patient with classic symptoms of hyperglycaemia or hyperglycaemic crisis, a random plasma glucose 

≥200 mg/dL (11.1 mmol/L).

Baseline investigations for insulin resistance/diabetes mellitus include: fasting plasma glucose, OGTT after age of 6 years 
old. Fasting plasma insulin concentration and hyperinsulinemia may be present from childhood.20

The follow-up of the adolescent patients involves the promotion of healthy eating, physical activity according to visual 
impairment.20 Acanthosis nigricans (35.4% of patients with BBS) is a sign of insulin resistance / diabetes mellitus.39

Cognitive Impairment
Cognitive impairment is present in 66% of the patients with BBS.12 Kerr et al showed that most of the patients have 
difficulties in perceptual intellectual abilities, auditory attentional capacities, adaptive independence, behaviour. Thus, 
impairments in verbal fluency is present in 22–40% of the patients, abnormal attention capacity in 69% and severe 
impairment in functional independence in 74% of the patients.77

The baseline assessment should include a full developmental and/or neurocognitive assessment. The specialists 
involved are: clinical psychologist, developmental paediatrician/specialist in child development, behavioural psycholo
gist and speech therapist.6 The methods used in the evaluation will be adapted to the visual status. Language assessment 
should be postponed after the age of 2 years old. In children with BBS, the intelligible speech and sentence formation can 
be delayed up to 4 years. Other speech anomalies are: articulation defects, nasal and/or breathy speech quality. 
Depending on the clinical situation, the existence of pharyngeal and/or laryngeal muscle incoordination must be taken 

Table 4 The International Diabetes Federation Consensus Definition of Metabolic Syndrome in Children, Adolescents and Adults

Age Group Obesity Triglycerides HDL-C Blood Pressure Glucose (mmol/L) or 
Known T2DM

10–16 years ≥90th percentile 

or adult cut-off if 

lower

≥1.7 mmol/L 

(≥150 mg/dL)

<1.03 mmol/L (<40 mg/dL) Sistolic ≥130/ 

Diastolic ≥85 mmHg

≥5.6 mmol/L (100 mg/dL) 

(If≥5.6 mmol/L [or known 

T2DM] recommend an OGTT)

≥16 years Central obesity* ≥1.7 mmol/L <1.03mmol/L (<40 mg/dL) in 

males and <1.29mmol/L 
(<50mg/dL) in females, or 

specific treatment for these 

lipid abnormalities

Systolic >130 or 

diastolic >85mmHg, 
or treatment of 

previously diagnosed 

hypertension

Impaired fasting glycemia (IFG): 

fasting plasma glucose (FPG) 
=5.6 mmol/L (≥100 mg/dL), or 

previously diagnosed type 2 

diabetes

Note: *Central obesity is defined as waist circumference ≥ 94 cm for European men and ≥ 80 cm for European woman; ethnicity specific values for other groups. 
Abbreviations: HDL-C, high-density lipoprotein cholesterol; OGTT, oral glucose tolerance test; T2DM, Type 2 diabetes mellitus.
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into account. In this case, videofluoroscopy and palatal articulation studies must be performed.20 Early speech therapy 
should be initiated at the first signs of speech impairment.

A mental health assessment is also necessary because patients may have some psychiatric and behavioural conditions, 
such as: anxiety, mood disorders, depression, psychosomatic manifestations, bipolar disorder and emotional outbursts, 
hyperactivity, frustration, inflexibility, obsessive/compulsive tendencies, preference for fixed routines, inability to 
recognize social cues, inappropriate and disinhibited behaviour, shallow affect.6,20,78,79

Subclinical Hypothyroidism
Subclinical hypothyroidism has been reported in BBS patients more often than expected, with an incidence of 19.4%.24 

The patient’s hypothyroidism was treated with levothyroxine hormone replacement in order to prevent any possible risk 
of negative effect on growth and development.24

The management of hypothyroidism in children is similar to adults, with the particularity that in children the doses are 
adjusted according to the child’s weight (commonly for newborns 10 μg/Kg/day, 1-year-old children 4–6 μg/Kg/day, 
adolescents 2–4 μg/Kg/day, with conversion to the adult dose of 1.6 μg/Kg/day once endocrine maturation is completely 
reached.80,81

According to the guidelines, the target of treatment is to keep the FT4 level in the mid to upper half of the reference 
range and the TSH level in the mid to lower half of the reference range.82,83

Tsyklauri et al (2021) reported autoimmune Hashimoto’s thyroiditis as having a higher prevalence in BBS patients 
than in the overall population, probably due to impaired immunity in patients with ciliopathies.84

At baseline evaluation, the investigation of the thyroid function (the FT4 and TSH levels corroborated with the 
ultrasonography of the thyroid) is recommended, and then an yearly evaluation of the thyroid gland function.12

When pregnancy is possible, preconception level of FT4 and TSH should be evaluated in order to modulate 
levothyroxine hormone replacement during pregnancy and prevent impairment of foetal brain development.85

ENT
Evaluation of the upper airways is important because laryngeal webs and bifid epiglottis can lead to life-threatening 
complications.86,87 Another rare abnormality that may be present is the choanal stenosis.6

The literature is poor in assessing anaesthetic risks. In a case study, Smith et al showed that there were differences 
between anaesthetic management in paediatric patients (<18 years old) and adults in terms of intubation. Thus, in 
paediatric patients, intubation was successfully performed by direct laryngoscopy. In adult patients, however, indirect 
laryngoscopy techniques were required (40% awake fiberoptic technique, 27% video laryngoscopy). The authors estimate 
that this was due to airway difficulty that worsen with age due to oral and facial anomalies in correlation with progressive 
morbid obesity.88 Clinical features that are associated with airway difficulty include: dental anomalies, high arched 
palate, facial dysmorphism and morbid obesity, bifid epiglottis, laryngeal web.86–88

There is a special management in terms of both anaesthetic and perioperative risk in patients with BBS. The 
anaesthesiologist and the multidisciplinary team must follow some steps: evaluation for difficult airways, cardiac 
anomalies, renal impairment, morbid obesity and intellectual disability.6,88

Neurology
Neurological development delay occurs in 81% of the patients.10 Ataxia or poor coordination can be found in 85% of the 
patients with BBS and may contribute to gross motor and fine motor delays.6,12 The baseline assessment includes careful 
neurological examination of the coordination and gait. An electroencephalogram should be performed for seizures (found 
in 9.6% of the patients).6,12,20 Olfactory dysfunction is present with a high incidence and requires a smell identification 
test. Usually, the olfactory bulb is abnormal on the brain MRI.12,89 MRI is also requested for evaluation of other 
neurological conditions (ataxia, hypotonia, seizures).
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Dentistry
Oral or dental abnormalities are present in 50% of the patients and include the following: hypodontia or microdontia, 
high arched palate, crowding, shortened roots and taurodontism, enamel hypoplasia, posterior crossbite.12,90 There are 
primary craniofacial abnormalities and oral manifestations and secondary anomalies determined by other 
comorbidities.91

Recommended baseline evaluation includes routine dental care with the assessment for hygiene, dental crowding and 
hypodontia. In case of malocclusion, extractions or dental crowding, standard interventions are recommended. Antibiotic 
prophylaxis will be considered in case of dental interventions in individuals with heart disease.20 The follow-up is done 
every 6 months starting from the age of 1 year old.6,12

Gastroenterology
Liver disease (any abnormality on liver imaging and/or abnormal alanine aminotransferase - ALT - level) is present in 
30% of the patients. The following have been described: bile duct abnormalities with cystic dilatation, perilobular and 
periportal fibrosis, increased length of the bile ducts and biliary cirrhosis.12,92,93 The following conditions have a lower 
incidence: Hirschsprung disease (2.8%), inflammatory bowel disease (1.1%), and celiac disease (1.5%).12 If gastro
intestinal symptoms are present, investigations should be initiated for possible structural and functional abnormalities. 
For hepatic disease the baseline investigations include: liver ultrasonography to evaluate a possible liver fibrosis and 
steatosis, measurements of plasma alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma- 
glutamyl transferase (GGT) level and tests for synthetic function (prothrombin time - PT, partial thromboplastin time - 
PTT).6,12,20 If these parameters are normal, they are reassessed annually. People with liver disease should be monitored 
as directed by the hepatologist.12,20

Cardiology
Cardiovascular defects are described in the medical literature as having a frequency of 1.6% −29% and include: bicuspid 
aortic valve, pulmonary valve stenosis, tricuspid incompetence, atrioventricular septal defects, patent ductus arteriosus, 
cardiomyopathies, bilateral persistent superior vena cava, interrupted inferior vena cava, hemiazygos vein continuation, 
tetralogy of Fallot, single ventricle with transposition of the great vessels, hypoplasia of the aorta.3,6,12 Laterality defects 
have a prevalence 170 times higher than in general population, but the prevalence of dextrocardia and situs inversus 
totalis in patients with BBS is low (1.6%).6,12,94

The baseline evaluation involves auscultation of the heart, electrocardiogram and echocardiogram to assess for congenital 
heart defects and/or cardiomyopathy. If these conditions are present, the follow-up is recommended at the cardiologist’s 
indication. If the baseline evaluation is normal, re-evaluation is recommended only if symptoms appear.6,12,20 If there are 
structural cardiac defects, antibiotic prophylaxis is recommended in case of surgical and dental procedures.6

Hypertension
Hypertension is present in 30% of the patients with BBS.93 Guo et al showed that the neuronal BBSome plays an 
important role in hemodynamic, sympathetic and vascular regulation. Another cause of hypertension in BBS is the 
obesity and kidney disease.31,64

Dermatology
Cutaneous signs are common in BBS, although they are not diagnostic criteria. The mechanisms by which they occur 
could be: disturbance of keratinisation and keratinocyte function. Encountered dermatosis are: keratosis pilaris, alopecia, 
nevi, cherry angiomas, acanthosis nigricans, onychodystrophy, striae, ichthyosis vulgaris, pigmentation anomalies, 
psoriasis, acne vulgaris, confluent and reticulated papillomatosis, seborrheic dermatitis, intertrigo 1, acrochordons, lichen 
simplex, eczema, asteatotic dermatitis, hidradenitis.95 In the presence of one of these features, a dermatologic examina
tion is requested and the specialist will decide which follow-up path must be applied.
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Genetic Testing
Genetic testing is necessary to both certify the diagnosis in those cases in which the clinical diagnostic criteria are not 
present, and to provide correct genetic counselling to the family and perform a prenatal diagnosis. Testing a single gene is 
not recommended as there are no genotype-phenotype correlations to justify this approach.12 Sequencing of the BBS- 
causing genes by NGS (Next Generation Sequencing) confirms the diagnosis in 80% of the patients.3

The percentage of gene mutations in BBS are different. The most involved genes are BBS1 (23.4%), BBS10 (14.5%) 
followed by BBS2 (9.6%), BBS12 (6.4%), MKKS (6.3%), CEP290 (6.3%), BBS4 (5.3%), ARL6 (5.1%), SDCCAG8 
(4.3%), BBS7 (4.2%), BBS5 (3.7%), BBS9 (3.4%), TTC8 (2.0%), CFAP418 (1.6%), MKS1 and IFT172 (1%), BBIP1, 
TRIM32, WDPCP, LZTFL1, IFT27, IFT74 and SCLT1 (<1%).12

For a cost reduction approach, the genetic testing can start by testing recurrent mutations in BBS1 genes (exon 12, 
NM_024649: c.1169T> G, p.M390R) and in BBS10 genes (exon 2, NM_024685: c.271dupT, p.Cys91Leufs * 5). The 
two mutations are identified in 30% of the patients.6 Currently, testing specific BBS-gene panels or larger ciliopathy 
genes panels is recommended. This is justified because there is a significant clinical overlap between ciliopathies.96 If the 
result is negative, the sequencing of the rarely involved genes is continued.6 Comprehensive genomic testing is another 
test that can be used. The advantage of genomic testing is that it can identify mutations in genes that have not yet been 
included in gene panels or mutations in new genes not previously known to be associated with BBS.12 If genetic testing 
is not available, it is recommended to initiate the management procedures if the clinical diagnostic criteria are met.6

Conclusion
Bardet - Biedl syndrome is a rare, multisystem, non-motile ciliopathy characterized by a high degree of genetic 
heterogeneity. The diagnosis and the monitoring and management require a multidisciplinary team. The main features 
to be evaluated are: ocular involvement, polydactyly, obesity, genitourinary anomalies, renal anomalies, metabolic 
features, cognitive impairment, hypothyroidism, ENT changes, neurologic modifications, dental particularities, gastro
intestinal, cardiologic, and dermatologic aspects. The genetic examination and tests are essential to confirm the clinic 
diagnosis. The best test to use is the gene panel containing the 26 genes involved in the BBS pathogenic mechanisms.
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