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ABSTRACT

	Aim: The objective was to determine a correlation between monitored airborne particulate matter and birth defect rates in newborns in the state of Guanajuato, central Mexico. Study design: An ecological study of time trends was designed. Place and duration of the study: Between 2020 and 2023, using databases from monitoring stations and the newborn database in the state of Guanajuato. Methodology: We used information of datasets from 2020-2023 and calculate  mean daily for each year of contaminants particles (the monitored particles were PM2.5, PM10, SO2, NO2, CO, and O3), and  Rate of malformations /1000  newborns for each year. Pearson's r and a linear relationship equation were calculated between particulate matter and the birth defect rate per 1,000 live births. Defects were classified either as general  or by apparatus and system. Results: Congenital malformations increased in 2023 compared to the previous years (2020-2022). And by apparatus and systems, they increased in the same year for gastrointestinal, genitourinary, musculoskeletal, cardiovascular, ear, nose and throat. Positive correlations were found between PM2.5 and gastrointestinal, genitourinary, musculoskeletal, cardiovascular, and endocrine malformations. Positive correlations were also found with PM10 with gastrointestinal, genitourinary, musculoskeletal, cardiovascular, ear, nose and throat, and eye malformations. Positive correlations of SO2 levels were found with neurological, cutaneous, respiratory, and endocrine congenital malformations. For NO2 there were positive correlations for neurological, musculoskeletal, and cutaneous congenital malformations. For CO, neurological, chromosomal, and cutaneous malformations showed positive correlations. For O3, genitourinary and endocrine malformations showed positive correlations. Conclusion: It is concluded that measurements of air quality and congenital malformations should be analyzed with caution, due to several factors, such as the presence of monitoring stations in eight of the 46 municipalities in the state of Guanajuato; another factor that biases the results is the fact that the congenital malformations included in the analysis were those detected at birth; many malformations manifest months after birth.	Comment by SFH GUEST: from	Comment by SFH GUEST: to	Comment by SFH GUEST: calculated	Comment by SFH GUEST: the	Comment by SFH GUEST: the	Comment by SFH GUEST: 	Comment by SFH GUEST: and malformations in the 	Comment by SFH GUEST: ,	Comment by SFH GUEST: systems.
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1. INTRODUCTION 

Atmospheric composition is affected by emissions from natural processes and human-caused emissions, and these emissions contain particles that interact with the environment and can affect living organisms.(SMAOT, 2020)	Comment by SFH GUEST: influenced	Comment by SFH GUEST: human activities	Comment by SFH GUEST: impact 
Air quality is the purity of the air suitable for breathing.1 Risks of environmental pollution and the presence of birth defects have been detected, such as the proximity of mines to residential areas, however, direct  evidence of air pollution causing  birth defects is still inconclusive. (Baldacci et al., 2018)	Comment by SFH GUEST: refers to	Comment by SFH GUEST: , making it
Air pollution has increased due to various sources,  both natural and human-caused . The pollutants that have been most strongly associated with adverse health events are: particles with an aerodynamic diameter equal to or less than 2.5 µm (PM2.5), also known as fine particles. Particles with an aerodynamic diameter equal to or less than 10 µm (PM10), also known as coarse particles,  ozone (O3), nitrogen dioxide (NO2), sulfur dioxide (SO2), and carbon monoxide (CO).(WHO, 2020)(WHO, 2019) (Global Health Observatory, 2020)	Comment by SFH GUEST: including 	Comment by SFH GUEST: factors.	Comment by SFH GUEST: include
Air pollution has been linked to human health, focusing on adverse events during pregnancy and increased mortality.4,5 PM2.5 and PM10 have been shown to be causally linked to congenital malformations of the gallbladder, bile ducts, and liver, the genital organs and ovaries as well as  fallopian tubes.(WHO, 2019) (Julaiti et al., 2025)	Comment by SFH GUEST: adverse
[bookmark: _Hlk207309846]The Secretariat of Water and Environment of the State of Guanajuato reports having air quality monitoring stations in the municipalities of Guanajuato, Abasolo, Celaya, Irapuato, León, Purísima del Rincón, Salamanca, and San Miguel Allende. Monitoring is classified by municipality as good, acceptable, poor, very poor, and extremely poor, according to the particulate matter content in the air. (State Air Quality Information Subsystem, 2025) Table 1 shows the municipalities and their air quality monitoring stations.

Table 1 Air quality monitoring stations in the state of Guanajuato and monitored particles
	[bookmark: _Hlk204184994]Municipality
	Station
	Monitored particles

	Abasolo
	Unique
	PM2.5

	Celaya
	San Juanico
Public security
Technological institute
	In the three stations:
SO2, NO2, CO, O3, PM10, PM2.5

	Guanajuato
	Unique
	PM2.5

	Irapuato
	Fire fighters
Secondary school
Teódulo
	In the three stations:
SO2, NO2, CO, O3, PM10, PM2.5

	León
	CICEG
T-21
Medicine school
	In the three stations:
SO2, NO2, CO, O3, PM10, PM2.5

	Purísima del Rincón
	Unique
	O3, PM10

	Salamanca
	Red Cross
DIF
Nativitas
	In the three stations:
SO2, NO2, CO, O3, PM10, PM2.5

	San Miguel de Allende
	Unique
	PM2.5


SO2  Sulfur dioxide, NO2 Nitrogen dioxide, CO Carbon monoxide, O3 Ozone, PM10 Coarse particles PM2.5 Fine particles
Source: Taken from (The State Air Quality Information Subsystem, 2025)

The Pollutant and Greenhouse Gas Information System (PGGIS)8 is comprised of:
· Pollutant Emissions and Transfer Registry (PETR)
· State Registry of Greenhouse Gas Emissions and Mitigation (SRGGE&M)
· Criteria Pollutant Emissions Inventory (Criteria Inv.)
· Greenhouse Gas Emissions Inventory (GGE Inv.)
The Ministry of Environment and Territorial Planning, within its powers and functions, is responsible for keeping the population of the state of Guanajuato informed and taking the necessary actions to ensure good air quality.
With the implementation of this system, based on the principle of transparency in information management, it is expected to be a direct source of information for the population, organizations, and/or entities that require data or statistics on air quality and emissions in the state of Guanajuato. (State Air Quality Information Subsystem, 2025)	Comment by SFH GUEST: serve as
[bookmark: _Hlk207310035]The inventory of air pollutant emissions is a strategic tool for  air quality management. An inventory provides information on the sources of pollutant emissions, as well as the type and quantity of pollutants emitted by each source. (Pollutant and Greenhouse Gas Information System. Secretariat of Water and Environment. Emissions, 2025)	Comment by SFH GUEST: managing	Comment by SFH GUEST: 
The Guanajuato Emissions Inventory is composed of:
· Point sources (industries),
· Area sources (businesses, services, residential buildings, light industry, among others),
· Natural sources (soil erosion and biogenic emissions, among others), and
· Mobile sources (motor vehicles circulating on streets and highways).
Stationary Sources
Stationary sources are stationary industrial sources that generate emissions from stationary points (e.g., chimneys or vents). This section shows the results of the stationary source emissions inventory in the form of tables and graphs that reflect emissions by pollutant for each industrial subsector according to the North American Industry Classification System (NAICS) and municipality in the state. (Pollutant and Greenhouse Gas Information System. Secretariat of Water and Environment. Emissions, 2025)	Comment by SFH GUEST: presents	Comment by SFH GUEST: which	Comment by SFH GUEST: within
Area Sources
Area sources are essentially sources that are too numerous and dispersed to be effectively included in the stationary source inventory. This section shows the various categories into which area sources are divided. The results of the area source inventory are presented as queries in the form of tables and graphs that reflect emissions by category and pollutant for each municipality. (Pollutant and Greenhouse Gas Information System. Secretariat of Water and Environment. Emissions, 2025)	Comment by SFH GUEST: 	Comment by SFH GUEST: reflecting
Natural Sources
Natural sources are those that emit atmospheric pollutants that do not come directly from human activities. This section shows the results of the emissions inventory from natural sources, which include emissions from biogenic sources and forest fires. (Pollutant and Greenhouse Gas Information System. Secretariat of Water and Environment. Emissions, 2025)
Mobile Sources
Emissions from mobile sources correspond to exhaust emissions from motor vehicles that circulate on roads and paved streets, including private cars, taxis, minibuses, buses, and heavy-duty trucks that use diesel, LP gas, or gasoline. This section presents the results of annual emissions of total hydrocarbons (THC), carbon monoxide (CO), nitrogen oxides (NOX), sulfur oxides (SOX), and particulate matter (PM). The information is disaggregated by municipality and vehicle type. (Pollutant and Greenhouse Gas Information System, 2025)
Nitrogen dioxide (NO2), sulfur dioxide (SO2), coarse particles (PM10), carbon monoxide (CO), trioxygen or ozone (O3), and fine particles (PM2.5) have been reported to be associated with cardiovascular malformations and cleft lip and palate. (Lee et al., 2021)
The risk of congenital malformations is increased by air pollutants, as reported by Lee et al.10 in a meta-analysis. Exposure to NO2 increases the risk of cardiovascular malformations. Air pollution leads to oxidative stress and increases the production of oxygen-free radicals, which can have adverse effects on the fetus. (Kampa, Castanas, 2008)
Oxidative stress due to air pollution has been reported to be associated with adverse effects on the fetus. (Kannan et al., 2006) (Slama et al., 2008) In a meta-analysis, they reported that maternal exposure to air pollution is associated with congenital malformations.(Lee et al., 2021) In the same analysis, they report that NO2, SO2, PM10, O3 and PM2.5 are related to cardiovascular malformations. Moreover, SO2, PM10 and O3 are related to cleft lip and palate. None of the air pollutants showed a relationship with neurological malformations.(Lee et al., 2021)	Comment by SFH GUEST: associated with	Comment by SFH GUEST: associated with
El estado de Guanajuato en el centro de México, con longitud102°05'49.20" W  99°40'16.68" W, latitud19°54'46.08" N 21°50'21.84" N, consta de 46 municipios, con 6, 166, 934 habitantes, en el censo del 2020. (INEGI, 2025)
 
[image: ]
Source: Taken from (INEGI, 2025)  
Figure 1 Map of Guanajuato state and its municipalities

The aims of this study were to measure the average particulate concentration of airborne pollutants from 2020 to 2023 and correlate the findings with congenital malformations diagnosed in newborns in the state of Guanajuato during this period.

2. material and methods 

The protocol was approved by the Research Ethics Committee of the Salamanca General Hospital under registration CEI-HGS005-2025.
An exploratory, quantitative, ecological study of time trends was designed based on records from air quality monitoring stations in the state of Guanajuato and the reports on live bityjs in Guanajuato state.
The universe consisted of records from monitoring stations in the eight municipalities of the state of Guanajuato (Secretariat of Water and Environment of the State of Guanajuato, 2025) and records of births in Guanajuato hospitals. (Ministry of Health, 2025)
The available records for air quality were from 2020 to 2023, and the records of newborns were from the same years.	Comment by SFH GUEST: The available records for air quality spanned from 2020 to 2023, and the records for newborns covered the same period.
No sampling was carried out, as all available records of air quality and births in the state were used.
2.1 The variables included were divided into:
2.1.1 Monitoring station.
Location. This is a nominal categorical variable. It is the municipality where the stations are located; the annual daily average of pollutants were recorded (Table 1).
Monitored particulates are reported as a daily average; the annual average was calculated for the years 2020, 2021, 2022, and 2023.
PM2.5 Fine particulate matter is reported in µg/m3; the annual limit is 5 µg/m3
PM10 Coarse particulate matter is reported in µg/m3; the annual limit is 15 µg/m3
O3 Ozone is reported in µg/m3; the limit is 60 µg/m3
CO Carbon monoxide is reported in µg/m3; the limit is 4 µg/m3
NO2 Sulfur dioxide is reported in µg/m3; the annual limit is 10 µg/m3
SO2 Sulfur dioxide is reported in µg/m3; The annual limit for the content is 40 µg/m3.

2.1.2 Newborns in hospitals in Guanajuato.
Sex, gestational age, maternal age, marital status, and location of obstetric delivery were recorded, measuring these as home, public street, private hospital, ISAPEG hospital, IMSS, ISSSTE, SEDENA, and PEMEX. The frequencies and percentages are presented.
Malformations were categorized as general and measured as present or absent. Diagnosed malformations were classified according to the organ or system that allowed the diagnosis and were measured as:
Gastrointestinal, genitourinary, neurological, chromosomal, musculoskeletal, cutaneous, cardiovascular, ear, nose,  throat, ophthalmic, respiratory, and endocrine.
Statistical analysis consisted of descriptive statistics for all variables. The birth rate for the state of Guanajuato was calculated, and the congenital malformation rate (CMC) was equal to the number of congenital malformations divided by the number of annual births per 1,000 live births. Air pollution for each particle was obtained as the annual daily average. It was correlated with the number of newborns with malformations detected prior to or at birth, annually for the state, by calculating Pearson's r and a linear regression equation. In all cases, the alpha value was set at 0.05. The analysis was performed in STATA 13.0 (Stata Corp., College Station, TX, USA). 

3. results and discussion

Table 2 shows the rates of congenital malformations in the state of Guanajuato from 2020 to 2023. There was an increase in the rate of malformations with 11.63/1,000 live births in 2023; there are also increases in the rates of gastrointestinal malformations (2.57/1,000 live births), genitourinary (1.54), musculoskeletal (3.55/1,000 live births), cardiovascular (0.64/1,000 live births), ear, nose and throat (1.27/1,000 live births) in the same year, compared to the years 2020, 2021 and 2022. 

Table 2 Live births and congenital malformations per year, in the state of Guanajuato
	[bookmark: _Hlk204186552]Guanajuato state
	2020
	2021
	2022
	2023

	Live births
	94,282
	88,263
	86,222
	81,063

	Congenital malformations
	938
	862
	802
	943

	Rate of congenital malformations/1000live births
	9.95
	9.77
	9.3
	11.63

	Gastrointestinal malformations (Rate/1000 live births)
	182 (1.93)
	165 (1.87)
	164 (1.9)
	208 (2.57)

	Genitourinary malformations (Rate/1000 live births)
	135 (1.43)
	46 (0.52)
	48 (0.56)
	125 (1.54)

	Neurological malformations (Rate/1000 live births)
	89 (0.94)
	145 (1.64)
	144 (1.67)
	73 (0.9)

	Chromosomic malformations (Rate/1000 live births)
	53 (0.56)
	60 (0.68)
	57 (0.666)
	52 (0.64)

	Musculoskeletal malformations (Rate/1000 live births)
	321 (3.4)
	305 (3.46)
	234 (2.71)
	288 (3.55)

	Skin malformations (Rate/1000 live births)
	32 (0.34)
	34 (0.39)
	32 (0.37)
	26 (0.32)

	Cardiovascular malformations (Rate/1000 live births)
	25 (0.27)
	30 (0.34)
	32 (0.37)
	52 (0.64)

	Ear, nose, and throat malformations (Rate/1000 live births)
	85 (0.9)
	67 (0.76)
	85 (0.99)
	103 (1.27)

	Eye malformations (Rate/1000 live births)
	7 (0.7)
	6 (0.068)
	7 (0.081)
	9 (0.11)

	Respiratory tract malformations (Rate/1000 live births)
	6 (0.064)
	4 (0.045)
	7 (0.081)
	5 (0.061)

	Endocrine malformations (Rate/1000 live births)
	3 (0.032)
	0
	2 (0.023)
	2 (0.025)


Source:  Own design based in data collected from public sources. (Ministry of Health, 2025)
The characteristics of newborns with malformations are described in Table 3. Males predominated in all years; they were delivered by cesarean section; they were most frequently born in ISAPEG hospitals; the average number of pregnancies was two; their gestational ages averaged 37.7 to 38.56 weeks; average weights ranged from 2.946 to 3.101 kg; the average Apgar score was above 8 in all years and the Silverman score was below 1. Some records were found with data not shown, as presented at the bottom of Table 3.
Table 3 Characteristics of newborns with congenital malformations born in the state of Guanajuato 2020-2023 and their mothers
	Variables
	2020
(n=938)
n        %
	2021
(n=862)
n        %
	2022
(n= 802)
n        %
	2023
(n=943)
n        %

	Sex
   Male
   Female
   Undetermined
	
484   51.60
454   48.40
0
	
466  54.06
396  45.94
0
	
456   56.86
346   43.14
0
	
529  56.10
410  43.90
4   0.42

	Obstetric resolution
   Vaginal
   Caesarean section
   Not specified
	
384   40.94
554   59.06
0
	
345   40.02
514   59.63
3   0.35
	
312   38.90
487   60.72
3   0.37
	
367   38.92
575   50.98
1   0.11

	Civil status of the mother
   Single
   Married
   Separate
   Divorced
   Free union
   Not Specified
	
61       6.50
369   39.34
1          0.11
2          0.21
493   52.56
12       1.28
	
89   10.32
306   35.50
1   0.12
2   0.23
444   51.51
20   2.32
	
89   11.10
279   34.79
4  0.50
2  0.25
411   51.25
17   2.12
	
0
943   100.0
0
0
0
0

	Mother's schooling
   None
   Elementary
   Secondary
   High School
   Bachelor
   Postgrad
   Not Specified
	
39       4.16
139   14.82
456   48.61
194    20.68
96     10.23
10       1.07
4         0.43
	
61  7.08
120  13.92
424  49.19
172   19.95
75   8.70
4   0.46
6   0.70
	
39  4.86
133   16.58
364   45.39
168  20.95
84    10.47
8   1.00
6   0.75
	
30  3.18
136   14.42
442   46.87
222   23.54
107   11.35
6   0.64
0

	Place of obstetric resolution
   IPHGS
   MISS
   ISSSSW
   PEMEX
   SEDENA
   Private
   Casa
   Calle
   Not Specified
	
571  60.87
126  13.43
14  1.49
1  0.11
3  0.32
221  23.56
0
0
2  0.21
	
561   65.08
80   9.28
10   1.16
2  0.23
1   0.12
205   23.78
0
0
3   0.35
	
507   63.22
90   11.22
13   1.62
0
0
188   23.44
4   0.50
0
0
	
538   57.05
215   22.80
0
1   0.11
0
187   19.83
2   0.21
0
0

	Number of pregnancies
   Range
   Mean ± S
	
1 to 8
2.13 ± 1.21
	
1 to 8
2.17 ± 1.30
	
1 to 12
2.22 ± 1.36
	
1 to 10
2.25 ± 1.30

	Gestational age (weeks)
   Range
   Mean ± S
	
22 to 42
38.56 ± 1.71 
	
20 to 42
38.04 ± 2.28
	
23 to 41
37.85 ± 2.37
	
21 to 42
37.77 ± 2.58

	Weight (kg)
   Range
   Mean ± S
	
[bookmark: _Hlk207304755]0.700 to 4.325℮
3.101 ± 0.46
	
0.800 to 4.275**
2.999 ±  0.567
	
,615 to 4.225∞
2.946 ± 0.569
	
0.370 to 4.350β
2.965 ± 0.630

	Apgar
   Range
   Mean ± S
	
0 a 10
8.88 ±  0.70
	
0 a 10€
8.67 ± 1.11
	
0 to 10×
8.67 ± 1.13
	
0 to 10¥
8.52 ± 1.42

	Silverman-Andersen
   Range
   Mean ± S
	
0 to 9
0.29 ± 1.00
	
0 to 10*
0.54 ± 1.31
	
0 to 10Ω
0.54 ± 1.38
	
0 to 10ά
0.68 ± 1.38


℮ n=885, *n=860, **n=782, €n=861, ∞n=732, ×n= 798, Ωn=797, βn=876, ¥n=942, άn=942,
IPHGS Institute of Public Health from Guanajuato State, MISS Mexican Institute of Social Security, ISSSSW Institute of Security and Social Services for State Workers, PEMEX Mexican Oiler, SEDENA Secretary of National Defense, Source: Own design based in data from (Ministry of Health, 2025)
Table 4 shows the daily averages of particulate matter pollutants at the 16 monitoring stations distributed across eight municipalities in Guanajuato. Maybe put this sentence in the limitations section . The particles that exceeded the amounts considered healthy were PM2.5 and PM10.
Table 4 Daily means by year of Annualized daily averages of particulate matter pollutants (µg/m3)

	Guanajuato state/Monitored particles
	2020
	2021
	2022
	2023

	SO2
	0.01
	0.009
	0.01
	0.0082

	NO2
	0.015
	0.016
	0.012
	0.011

	CO
	0.96
	1.21
	0.99
	0.92

	O3
	0.0327
	0.03
	0.03
	0.03

	PM10
	42.94
	45.02
	40.62
	46.92

	PM2.5
	16.4
	14.93
	14.76
	17.87


SO2 Sulfure dioxide, NO2 Nitrogen dioxide, CO Carbon monoxide, O3 Ozone, PM10 Coarse particles, PM2.5 Fine particles
Source: Own design based on data collected from (State Air Quality Information Subsystem, 2025)
The rates of congenital malformations/1000 live births annually are shown in Figure 2, where it is shown that the highest rate was in the year 2023, and there is a positive correlation (r=0.58).
 [image: ]n= 4 (each point is one year 2020-2023)
r= 0.58
Rate of congenital malformations= -919.73 + (0.46) year
t= 1.027 P= .42
CI95%  -1.48 to 2.40

Source: Own design based in data collected from (Ministry of Health, 2025)
Figure 2 Rate of congenital malformations/1000 live births by year (2020-2023)
[bookmark: _Hlk207305155]The rates of congenital malformations per 1,000 live births by organ and system are shown in Figure 3. The highest rates in the 2020–2023 period were in the musculoskeletal system, followed by the gastrointestinal tract; by 2023, they increased in the ears, nose and throat, genitourinary tract, and cardiovascular systems; those of the nervous system declined, as did those of the skin. 	Comment by SFH GUEST: observed	Comment by SFH GUEST: . By	Comment by SFH GUEST: rate	Comment by SFH GUEST: in contrast, rates 	Comment by SFH GUEST: in the nervous system and


Source: Own design based on data collected from (Ministry of Health, 2025)
Figure 3 Rate of congenital malformations by tracts and systems, by year (2020-2023)
Table 5 shows the correlation and linear regression between the average daily concentration of PM2.5 (µg/m3) and the rate of congenital malformations by organ and system/1000 live births. Good correlations were detected between the gastrointestinal, genitourinary, neurological, and cutaneous (r≥0.8) malformations and PM2.5, although no linear relationships were found. The remaining malformations showed a Pearson r≥0.5, and some were negative correlations, such as neurological (r=-0.93) and cutaneous (r=-0.94) malformations. Hall et al.,(2022) reported an OR effect of 2.2 for elevated PM2.5 concentrations in the air and cardiac malformations. This study was designed as a case-control study, with relatively short distances to the monitoring station. 
Table 5 Correlation and regression lineal between congenital malformations and mean daily of PM2.5 in the air
	[bookmark: _Hlk204865758]Congenital malformations by tract/system
	n
	r Pearson
	Equation
	t
			P
	CI95%

	Gastrointestinal
	4
	0.89
	y=-1.22 + 0.21 x
	2.76
	.11
	-0.11 to  0.53

	Genitourinary
	4
	0.94
	y= -4.64 ± 0.35 x 
	3.84
	.06
	-0.04 to 0.75

	Neurologic
	4
	-0.93
	y= 20.07 + (-3.17) x
	-3.46
	-.07
	-7.10 to 0.77

	Chromosomic
	4
	-0.4
	y= 23.63 + (-12.02) x
	-0.68
	.57
	-87.73 to 63.68


	Muscle and bone
	4
	0.64
	y= 8.12 + 2.40 x
	1.16
	.36
	-13.03 to 25.66

	Skin
	4
	-0.94
	y= 31.60 + 5.28  x
	-3.91
	.06
	-92.35 to 4.42

	Cardiovascular
	4
	0.70
	y= 13.43 + 6.32 x
	1.40
	.3
	-13.03 to 25.66

	Ear, nose, and throat 
	4
	-0.78
	y= 10.82 + 5.28 x
	1.77
	.22
	-7.55 to 18.10

	Eyes
	4
	-0.76
	y= 11.33 + 56.71 x
	1.63
	.25
	.92.93 to 206.36

	Respiratory
	4
	-0.10
	y= 16.61 + (-9.82)
	-0.14
	.9
	-308.15 to 288.51

	Endocrine
	4
	0.53
	y= 14.89 + 55.07 x
	0.87
	0.47
	-215.94 to 326.08


Source: Own design based in data collected from (Secretariat of Water and Environment of the State of Guanajuato, 2025) (Ministry of Health, 2025)
Table 6 shows the correlations and linear relationship equations between malformations and PM10; Correlations are reported between gastrointestinal, muscle and bone, and respiratory malformations (r ≥0.7) and PM10. The highest Pearson r was  for muscle and bone malformations with 0.9; the correlation with cutaneous, respiratory, and endocrine malformations showed a moderately negative r. There were no linear relationships. Dolk et al., 2010) reported a positive association of PM10 concentration with Tetralogy of Fallot.	Comment by SFH GUEST: observed	Comment by SFH GUEST: between	Comment by SFH GUEST: and
Table 6 Correlation and regression lineal between congenital malformations and mean daily of PM10 in the air

	[bookmark: _Hlk205020457]Congenital malformations by tract/system
	n
	r Pearson
	Equation
	T
	P
	CI95%

	Gastrointestinal
	4
	0.72
	y= 31.79 + 5.84 x
	1.48
	.28
	-11.10 to22.79

	Genitourinary
	4
	0.48
	y=41.84 + 2.36
	0.77
	.52
	-10.88 to 15.60

	Neurologic
	4
	-0.49
	y= 47.91 + (-3.13) x
	-0.80
	.51
	-20.05 to 13.78

	Chromosomic
	4
	0.13
	y= 39.63 + 6,69 x
	0.19
	.87
	-148.81 to 162.18

	Muscle and bone
	4
	0.89
	y= 23.43 + 6.23 x
	2.69
	.12
	-3.74 to 16.21

	Skin
	4
	-0.40
	y= 56.28 + (-34.93) x
	-0.62
	.6
	-278.02 to 208.16

	Cardiovascular
	4
	0.67
	y= 39.35 + 11.17 x
	1.27
	.33
	-26.68 to 49.01 

	Ear, nose, and throat 
	4
	0.38
	y= 39.13 + 4.84 x
	0.59
	.62
	-30.53 to 40.22

	Eyes
	4
	0.53
	y= 37.75 + 74.42 x
	0.89
	.5
	-286.44 to 435.28

	Respiratory
	4
	-0,72
	Y= 52.16 + (-132.1) x
	-1.46
	.28
	-520.94 to 256.75

	Endocrine
	4
	-0.25
	Y= 44.87 + (-49.58) x
	-0.37
	.75
	-624.39 to 525.22 


[bookmark: _Hlk207337196]Source: Own design from data collected from (Secretariat of Water and Environment of the State of Guanajuato, 2025) (Ministry of Health, 2025)
The average daily annual concentration of SO2 particles showed negative correlations with gastrointestinal and cardiovascular malformations (r ≥-0.8); ocular (r=-0.71), musculoskeletal (r=-0.66), ear, nose and throat (=-0.54) and genitourinary (=-0.32) malformations (Table 7). Dolk et al.,2010) reported a positive association of SO2 with Tetralogy of Fallot. In an Australian study, SO2 was linked to cardiac and palate malformations.19 
Table 7 Correlation and regression lineal between congenital malformations and mean daily of SO2 in the air

	[bookmark: _Hlk205026779]Congenital malformations by tract/system
	n
	r Pearson
	Equation
	t
	P
	CI95%

	Gastrointestinal
	4
	-0.80
	y= 0.01 + (-0.002) x
	-1.92
	.2
	-0.007 to 0.003

	Genitourinary
	4
	-0.32
	y= 0.01 + (-0.0005) x
	-0.48
	.7
	-0.005 to 0.004

	Neurologic
	4
	0.31
	y=0.008 + 0.0006 x
	0.46
	.7
	-0.005 to.007

	Chromosomic
	4
	-0.39
	y= 0.013 + (-0.007) x
	-0.60
	.6
	-0.05 to 0.04

	Muscle and bone
	4
	-0.66
	y= 0.014 +(-0.001) x
	.1.25
	.33
	-0.007 to 0.004

	Skin
	4
	0.34
	Y= 0.006 + 0.010
	0.52
	.7
	-0.07 to 0.090

	Cardiovascular
	4
	-0.84
	y= 0.011 + (-0.005) x
	-2.23
	.16
	-0.01 to 0.004

	Ear, nose, and throat 
	4
	-0.54
	y= 0.011 + (-0.002) x
	-0.90
	.5
	-0.01 to 0.008

	Eyes
	4
	-0.71
	y= 0.012 + (-0.03) x
	-1.41
	.30
	-0.13 to 0.065

	Respiratory
	4
	0.54
	y= 0.007 + 0.032 x
	0.91
	.5
	- 0.12 to 0.18

	Endocrine
	4
	0.30
	y=0.009 + 0.019 x
	0.45
	.7 
	-0.16 to 0.20


 Source: Own design from data collected of (Secretariat of Water and Environment of the State of Guanajuato, 2025) (Ministry of Health, 2025)
Regarding NO2 particles, their daily averages showed good ? correlations for ear, nose and throat, cardiovascular, gastrointestinal, and ocular malformations (r ≥-0.7). There were no linear relationships (Table 8). Dolk et al.,2010) show a positive association between NO2 and Tetralogy of Fallot.
Table 8 Correlation and regression lineal between congenital malformations and mean daily of NO2 in the air
[bookmark: _GoBack]
	[bookmark: _Hlk205027007]Congenital malformations by tract/system
	N
	r Pearson
	Equation
	t
	P
	CI95%

	Gastrointestinal
	4
	-0.71
	Y=-0.02 + (-0.005) x
	-1.43
	.29
	- 0.02 to 0.01

	Genitourinary
	4
	-0.32
	Y= 0.014 + (- 0.001) x
	-0.47
	.68
	-0.01 to 0.01

	Neurologic
	4
	0.25
	Y=0.011 + .001 x
	0.36
	.75
	-0.02 to 0.02 

	Chromosomic
	4
	-0.13
	Y= 0.02 + (-0.01) x
	-0.19
	.87
	-0.14 to 0.13 

	Muscle and bone
	4
	0.29
	Y= 0.08 + 0.002 x
	0.44
	.71
	-0.02 to 0.02

	Skin
	4
	0.59
	Y= - 0.002 + 0.04 x
	1.05
	.42
	- 0.14 to 0.23

	Cardiovascular
	4
	- 0.78
	Y= .02 + (- 0.11) x
	-1.75
	.22
	-0.04 to 0.02

	Ear, nose, and throat 
	4
	.-0.92
	Y= 0.02 + (- 0.01) x
	-3.26
	.08
	-0.02 to 0.003

	Eyes
	4
	-0.88
	Y= 0.022 + (-0.11) x
	-2.60
	.12
	- 0.29 to 0.07

	Respiratory
	4
	- 0.62
	Y= 0.02 + (- 0.10) x
	-1.12
	.38
	- 0.48 to 0.28

	Endocrine
	4
	- 0.49
	Y= 0.02 + (- 0.08) x
	-0.8
	.61
	- 0.54 to 0.37


Source: Own design from data collected from (Secretariat of Water and Environment of the State of Guanajuato, 2025) (Ministry of Health, 2025)
CO particles showed strong correlations with cutaneous and neurological malformations, with Pearson's r greater than 0.7; negative correlations with congenital endocrine, genitourinary, and ear, nose, and throat malformations, with Pearson's r of at least -0.7. No linear relationships were detected. 
Table 9 Correlation and linear regression between rate of congenital malformations and mean daily of CO, by year, in the air
	Congenital malformations by tract/system
	N
	r Pearson
	Equation
	t
	P
	CI95%

	Gastrointestinal
	4
	- 0.57
	y= 1.48 + (- 0.22) x
	- 0.98
	.43
	- 1.19 to 0.75

	Genitourinary
	4
	- 0.74
	y= 1.20 + (- 0.18) x
	- 1,55
	.26
	- 0.66 to 0.31

	Neurologic
	4
	0.70
	y= 0.75 + 0.21 x
	1.37
	.31
	- 0.46 to 0.88

	Chromosomic
	4
	0.58
	y= 0.12 + 1.42 x
	1.00
	.42
	- 4.72 to 7.56

	Muscle and bone
	4
	0.11
	y= 0.89 + 0.04 x
	0.16
	.89
	- 0.98 to 1.06

	Skin
	4
	0.88
	y= -0.28 + 3.66 x
	2.56
	.13
	- 2.50 to 9.81

	Cardiovascular
	4
	- 0.42
	y= 1.16 + (- 0.34) x 
	- 0.66
	.58
	- 2.55 to 1.87

	Ear, nose, and throat 
	4
	- 0.79
	y= 1.49 + (- 0.48) x
	- 1.83
	.21
	- 1.6 to 0.65

	Eyes
	4
	- 0.62
	Y= 1.36 + (- 4.19) x
	-1.13
	.38
	- 20.13 to 11.75

	Respiratory
	4
	- 0.66
	Y= 1.39 + (. 5.85) x
	-1.26
	.34
	- 25.87 to 14.16

	Endocrine
	4
	- 0.94
	Y= 1.20 + (-8.84) x
	- 4.08
	.06
	- 18.16 to 0.48


Source: Own design from data collected from (Secretariat of Water and Environment of the State of Guanajuato, 2025) (Ministry of Health, 2025)
Table 10 shows the correlations between the daily average of O3 particles and congenital malformations, where positive correlations greater than 0.5 are reported for endocrine and genitourinary malformations; chromosomal and cardiovascular malformations, chromosomal, show negative correlations of -0.95 and -0.56. No linear relationships were detected.
Hall et al., (2022) reported negative correlations between elevated O3 concentrations and congenital malformations. This is similar to that reported in the state of Guanajuato, with an r of -0.56. Hansen et al., (2009) reported an association of O3 exposure with cardiac and palatal malformations.
Table 10 Correlation and regression lineal between congenital malformations and mean daily of O3 in the air
	Congenital malformations by tract/system
	n
	r Pearson
	 Equation
	t
	P
	CI95%

	Gastrointestinal
	4
	- 0.27
	Y= 0.03 + (- 0.001) x
	-0.40
	.73
	-0.013 to 0.011

	Genitourinary
	4
	0.51
	Y= 0.03 + 0.001 x
	0.83
	.5
	-0.005 to .008

	Neurologic
	4
	- 0.55
	Y= 0.03 + (-0.002) x
	- 0.92
	.46
	- 0.010 to 0.006

	Chromosomic
	4
	- 0.95
	Y= 0.05 + (- 0.02) x
	-4.33
	.05
	- 0.05 to – 0.0002

	Muscle and bone
	4
	0.021
	Y= 0.03 + 0.0007 x
	0.30
	.79
	- 0.010 to 0.011

	Skin
	4
	- 0.32
	Y= 0.04 + (- 0.014) x
	- 0.48
	.68
	- 0.14 to 0.11

	Cardiovascular
	4
	-0.56
	Y= 0.03 + (-0.005) x
	- 0.94
	.46
	- 0.03 to 0.02

	Ear, nose, and throat 
	4
	- 0.25
	Y= 0.03 + (-0.002) x
	-0.36
	.75
	- 0.02 to 0.02

	Eyes
	4
	- 0.42
	Y= 0.033 + (- 0.03) x
	-0.66
	.58
	- 0.22 to 0.16

	Respiratory
	4
	0.06
	 Y= 0.03 + 0.005 x
	0.08
	.94
	- 0.27 to 0.28

	Endocrine
	4
	0.58
	Y= 0.03 + 0.06 x
	1.00
	.42
	- 0.19 to 0.30


Source: Own design from data collected from (Secretariat of Water and Environment of the State of Guanajuato, 2025) (Ministry of Health, 2025)
3.1 Limitations.
The state of Guanajuato only has air quality monitoring stations in 8 municipalities. Four municipalities in the industrial corridor monitor 6 particulate pollutants, and the rest only monitor 1 or 2 particulates.
Births come from all 46 municipalities, and many of them do not have monitoring of particulate pollutant concentrations. Many of them, due to complications during delivery, are transferred to larger hospitals, which are generally located in municipalities that do have monitoring stations, but this prevents adequate air quality monitoring in the mother's municipality of residence.
Another limitation regarding the measurement of particulate pollutants in the air is the methodology used at monitoring stations, which varies from country to country. (Ritz, 2010)
As Ritz (2010) reported, birth defects are detected in the first year of life rather than during the newborn's hospitalization. The number of birth defects may be higher, but we cannot evaluate this using data from newborn databases in the state of Guanajuato.
Comparisons of air pollution studies and their relationship with birth defects should be approached with caution, as monitoring stations and their methods vary across regions and countries. Many birth defects are also diagnosed during infancy rather than in newborns. (Ritz, 2010) 
A limitation is that, commonly, the correlation and the lineal regression are presented as a graphic of scatter plots, but in this case, there would be more than 50 graphics and it was decided to show both measures in tables.
3.2 Opportunity
These results allow us to consider designing individual studies on air quality by municipality of residence and the presence of congenital malformations.
4. CONCLUSION
The results of this study should be viewed with caution, as there are several sources of bias, such as the fact that monitoring stations are concentrated in the state's main municipalities and the fact that many congenital malformations are not detected during the newborn's hospitalization period.
No linear relationship was found between the monitored air pollutants and the congenital malformations detected in newborns, classified by equipment and system.
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