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Background and Objectives

= Phenylalanine hydroxylase (PAH) deficiency is an autosomal
recessive disorder that results in abnormally high concentrations of
phenylalanine (Phe) in the blood from the typical mean of 60 umol/L.
If left untreated, the accumulation of Phe in tissues can result in
profound neurocognitive disability and psychological problems’

= Newborn screening (NBS) for PAH deficiency began in North America
and the UK in the early 1960s and became widespread in the rest of
the developed world by the early 1970s’

= The objective of this systematic literature review and meta-analysis
was to estimate the global birth prevalence of PAH deficiency from
NBS studies and to evaluate regional differences, overall and
for various clinically relevant Phe cutoff values used in
confirmatory testing

= The protocol for this literature review was registered with PROSPERO
(international prospective register of systematic reviews)

= Studies with numeric birth prevalence reports of confirmed PAH
deficiency were included and classified as strong, moderate, or weak
iIn a quality assessment tool across five domains: case definition,
study setting/source population, statistical methods, precision of
prevalence estimate, and diagnostic method. Only estimates derived
from confirmatory diagnostic assays that were assessed as strong in
the quality assessment tool were eligible for meta-analysis

= Meta-analyses were performed to determine aggregated regional
birth prevalence (Europe, North America, Middle East/North Africa,
Latin America, South Pacific, and West Pacific) and a global
birth prevalence

= A regionally weighted global prevalence was calculated by weighting
results from each region by the region’s relative contribution to the
total population of all the regions included in the analysis

= For both regional and global birth prevalence determinations,
birth prevalence was calculated stratified by three confirmatory
Phe concentration cutoff values used for case confirmation

(360 £ 100 umol/L, 600 £ 100 umol/L, 1,200 £ 200 pmol/L)
as well as an unstratified estimation

= From an initial 1,112 entries identified and screened, 85 publications
met eligibility criteria for inclusion in this review (Figure 1)

= After excluding prevalence estimates that did not meet quality
assessment criteria or because of temporal and regional overlap,
estimates from 45 publications were included in at least one
meta-analysis
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Figure 1. Study selection process
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= The regionally weighted global birth prevalence of PAH deficiency
was 0.64 (95% CI, 0.53-0.75) per 10,000 births and ranged from
0.03 per 10,000 births (95% ClI, 0.02-0.05) in Southeast Asiato 1.18
per 10,000 births (95% CI, 0.64-1.87) in the Middle East/North Africa
(Figure 2)

Figure 2. Meta-analysis results by region: Overall analysis
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Study Cases newborns screened newborns (95% CI) Weight

Region = Europe
Thalhammer (1976), Austria 61 426,141 —— 1.43 (1.09-1.84) 2.4%
Ounap (1998), Estonia 6 36,074 + 1.66 (0.61-3.62) 1.6%
Visakorpi (1971), Finland 0 71,135 IB— 0.00 (0.00-0.52) 2.0%
Mathias (1986), Germany 169 940,369 — 1.80 (1.54-2.09) 2.5%
Lindner (2011), Germany 173 1,084,195 — = 1.60 (1.37-1.85) 2.5%
Missiou—Tsagaraki (1988), Greece 43 1,042,000 - 0.41 (0.30-0.56) 2.5%
Loukas (2010), Greece 45,000 —+ 0.44 (0.05-1.61) 1.8%
Mehes (1985), Hungary 70,328 - 0.85(0.31-1.86) 2.0%
Antonozzi (1980), Italy 19 116,301 —+ 1.63 (0.98-2.55) 2.2%
Zaffanello (2002), Italy 114 1,142,338 - 1.00 (0.82-1.20) 2.5%
Kocova (2016), Macedonia 1 4,072 - 2.46 (0.06-13.68) 0.4%
Cabalska (1993), Poland 447 2,861,504 - 1.56 (1.42-1.71) 2.5%
Vilarinho (2010), Portugal 38 316,243 — 1.20 (0.85-1.65) 2.4%
Dluholucky (2013), Slovakia 157 927,524 - — 1.69 (1.44-1.98) 2.5%
Smon (2015), Slovenia 57 385,831 — — 1.48 (1.12-1.91) 2.4%
Fernandez-lglesias (1995), Spain 5 75,488 —— 0.66 (0.22-1.55) 2.0%
Gerasimova (1992), USSR/Russia 20 139,664 — 1.86 (1.22-2.73) 2.2%
Walker (1981), UK 54 795,382 - - 0.68 (0.51-0.89) 2.5%
Mardesic (1986), Yugoslavia 25 274,881 —— 0.91 (0.59-1.34) 2.4%
Overall, Europe 10,754,470 Y 1.14 (0.89-1.41) 41.1%
Heterogeneity: 12 = 92%

Region = Latin America
Ramalho (2014), Brazil 6 43,449 + 1.38 (0.51-3.01) 1.7%
Botler (2012), Brazil 26 530,248 - 0.49 (0.32-0.72) 2.4%
Cornejo (2010), Chile 374 2,478,123 - 1.51 (1.36-1.67) 2.5%
Overall, Latin America 3,051,820 —ll 0.98 (0.29-2.03) 6.7%
Heterogeneity: /2 = 96%

Region = Middle East/North Africa
Abbaskhanian (2017), Iran 27 407,244 — - 0.66 (0.44-0.96) 2.4%
Karamifar (2010), Iran 7 76,966 -= 0.91 (0.37-1.87) 2.0%
Habib (2010), Iran 28 175,235 —- 1.60 (1.06-2.31) 2.3%
Motamedi (2017), Iran 74 384,933 — 1.92 (1.51-2.41) 2.4%
Alfadhel (2017), Saudi Arabia 53 775,000 —— 0.68 (0.51-0.89) 2.5%
Ozalp (2001), Turkey 376 1,605,582 — - 2.34 (2.11-2.59) 2.5%
Al Hosani (2014), UAE 51 675,278 — - 0.76 (0.56-0.99) 2.5%
Overall, Middle East/North Africa 4,100,238 - 1.18 (0.64-1.87) 16.5%
Heterogeneity: 12 = 97%

Region = North America
Hansen (1978), US 56 736,469 — - 0.76 (0.57-0.99) 2.5%
Wainer (1974), US 74 554,972 —— 1.33 (1.05-1.67) 2.4%
Kelly (1967), US 46 659,267 - 0.70 (0.51-0.93) 2.5%
Maccready (1964), US 14 134,580 —— 1.04 (0.57-1.75) 2.2%
Zytkovicz (2001), US 18 257,000 — —— 0.70 (0.42-1.11) 2.3%
Frazier (2006), US 49 944,078 - 0.52 (0.38-0.69) 2.5%
Overall, North America 3,286,366 < 0.81 (0.58-1.07) 14.4%
Heterogeneity: /1?2 = 82%

Region = Southeast Asia
Pangkanon (2009), Thailand 16 5,243,841 W 0.03 (0.02-0.05) 2.5%
Overall, Southeast Asia 5,243,841 | 0.03 (0.02-0.05) 2.5%
Heterogeneity: not applicable

Region = West Pacific
Boneh (2006), Australia 13 190,835 — 0.68 (0.36-1.16) 2.3%
Wang (2019), China 15 418,831 - = 0.36 (0.20-0.59) 2.4%
Su (2019), China 111 580,608 — — 1.91 (1.57-2.30) 2.4%
Zhan (2009), China 1,638 18,956,221 4 0.86 (0.82-0.91) 2.5%
Liu (1986), China 12 198,320 —— 0.61 (0.31-1.06) 2.3%
Lin (2019), China 14 364,545 - — 0.38 (0.21-0.64) 2.4%
Yoon (2005), South Korea ‘. 79,179 —+ 0.51 (0.14-1.29) 2.0%
Niu (2010), Taiwan 65 1,495,132 B 0.43 (0.34-0.55) 2.5%
Overall, West Pacific 22,283,671 N 0.68 (0.43-0.98) 18.9%
Heterogeneity: /1?2 = 94%
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°The regionally weighted global prevalence was not produced directly as part of the meta-analysis but was calculated by taking a weighted
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average of the meta-analysis results for each of the regions, weighting them by the relative population size of each of these regions.

We have added this prevalence estimate to the figure to facilitate comparison with the non-regionally weighted overall estimate from the

meta-analysis.

Table 1. Meta-analysis? of birth prevalence estimates stratified
by confirmatory Phe cutoff values and region

Birth prevalence per Number of
Region 10,000 screened I studies
newborns (95% CI)

Confirmatory
test Phe

cutoff value

Europe 0.97 (0.52-1.53) 93.8 4
Latin America 1.38 (0.51-3.01) NA 1
Middle East/North Africa 1.60 (1.06-2.31) NA 1
360 £ 100 ymol/L  North America 0.49 (0.38-0.61) 0.0 2
West Pacific 0.63 (0.03-1.75) 96.5 3
Non-regionally weighted global birth prevalence 0.85 (0.51-1.26) 98.9 11
Regionally weighted global birth prevalence? 0.96 (0.50-1.42) NA 11
Europe 1.18 (0.75-1.69) 85.8 4
Latin America 0.65 (0.14-1.46) 64.2 2
Middle East/North Africa 0.37 (0.21-0.61) NA 1
600 £ 100 pmol/L -
West Pacific 0.23 (0.12-0.36) 55.9 3
Non-regionally weighted global birth prevalence 0.66 (0.38-1.02) 94.1 10
Regionally weighted global birth prevalence? 0.50 (0.37-0.64) NA 10

Europe 0.78 (0.40-1.30) 96.9
0.58 (0.30-0.94) 29.2

0.36 (0.04-0.94) 91.2

Latin America
Middle East/North Africa

o =~ = W DN N

North America 0.53 (0.38-0.72) NA

1200 + 200 pmol/L ,
Southeast Asia 0.03 (0.02-0.05) NA
West Pacific 0.22 (0.03-0.56) 94.6
Non-regionally weighted global birth prevalence 0.47 (0.26-0.74) 98.0 20
Regionally weighted global birth prevalence? 0.30 (0.20-0.40) NA 20

®The regionally weighted global prevalence was not produced directly as part of the meta-analysis but was calculated by taking a weighted
average of the meta-analysis results for each of the regions, weighting them by the relative population size of each of these regions. We
have added this prevalence estimate to facilitate comparison with the non-regionally weighted overall estimate from the meta-analysis.

= Regionally weighted global birth prevalence estimates per
10,000 births by confirmatory test Phe cutoff values were 0.96
(95% ClI, 0.50-1.42) for the Phe cutoff value of 360 £ 100 umol/L,
0.50 (95% CiI, 0.37-0.64) for the Phe cutoff value of 600 £ 100
umol/L, and 0.30 (95% CI, 0.20-0.40) for the Phe cutoff value of
1,200 £ 200 umol/L (Table 1)

Conclusions

= Substantial regional variation in the birth prevalence of PAH
deficiency was observed in this systematic literature review and
meta-analysis of published evidence from newborn screening

= Although current findings confirm that regional differences exist
In the birth prevalence of PAH deficiency, data elements key to
understanding the reported birth prevalence estimates were
often missing

= |n addition, the precision of the reported prevalence was low for
most of the included estimates due to small sample sizes, despite
widespread and longstanding newborn screening in much of
the world

= These observations highlight the need for more comprehensive
and systematic data collection as well as improved standards for
reporting results of newborn screening programs
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