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ABSTRACT 

Background: the aim of this study was to investigate the association

between  birthweight,  cardiovascular  disease  (CVD)  risk  factors,  and

depression in young Mexican adults.

Methods: birthweight  reports,  family  history  of  CVD  and  diabetes-

related diseases, anthropometrics, serum lipid profile (total cholesterol

[TC], triglycerides [TG], high-density lipoprotein-cholesterol [HDL-C], low-

density lipoprotein-cholesterol [LDL-C], and very-low density lipoprotein-

cholesterol [VLDL-C]), and depressive symptoms were measured in 778

subjects of the UP-AMIGOS cohort study. To investigate the association

between birthweight categories and CVD risk factors and depression, a

one-way  analysis  of  variance  with  post-hoc  test  was  performed  of

quantitative variables, and 2 test for qualitative variables. 

Results: mean age was 17.8 years and 469 (60.3 %) of patients were

female  (n  =  469,  60.3 %).  The  percentage  of  patients  with  low

birthweight (LBW) was 8.1 % (n = 63), and 3.3 % (n = 26) reported high

birthweight  (HBW).  Young  adults  with  HBW  were  associated  with

elevated diastolic blood pressure (DBP), and high weight and body mass

index  (BMI)  when  compared  to  LBW  subjects,  the  difference  being

statically  significant  (p  <  0.05).  Birthweight  had  no  significant

association with depression (p > 0.67). 

Conclusion: the findings from this population-based study revealed a

positive  relation  between  birthweight  categories  and  some  CVD  risk

factors. Depression was not related to birthweight. 

Keywords:  Birthweight.  Cardiovascular  risk.  Depression.  Mexican

population. 

RESUMEN 
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Introducción:   el objetivo de este estudio fue investigar la asociación

entre  el  peso  al  nacer,  los  factores  de  riesgo  de  las  enfermedades

cardiovasculares (ECV) y la depresión en adultos mexicanos jóvenes. 

Métodos:  se  obtuvieron  como  variables  el  peso  al  nacer,  los

antecedentes heredofamiliares de ECV y diabetes, la antropometría, el

perfil lipídico (colesterol total [CT], triglicéridos [TG], lipoproteína de alta

densidad [C-HDL], lipoproteína de baja densidad [C-LDL] y lipoproteína

de muy baja densidad [C-VLDL])  y los síntomas de depresión de 778

participantes del estudio de cohortes UP-AMIGOS. Se realizó un análisis

de  la  varianza  de  1  vía  con  pruebas  post  hoc para  investigar  la

asociación entre las categorías de peso al nacer, riesgo ECV y depresión

entre  las  variables  cuantitativas;  para  las  variables  cualitativas  se

realizaron pruebas del 2. 

Resultados:  la  edad media fue de 17,8 años y 469 (60,3 %) de los

participantes eran mujeres. El porcentaje de pacientes con bajo peso al

nacer (BPN) fue del 8,1 % (n = 63) y el 3,3 % (n = 26) tenían elevado

peso al nacer (EPN). Se encontró una asociación en el grupo de EPN con

la elevación  de la presión arterial diastólica (PAS), el peso y el índice de

masa  corporal  (IMC)  al  compararlo  con  el  grupo  de  BPN,  con  una

diferencia significativa de p < 0,05. No se encontró ninguna asociación

entre el peso al nacer y la depresión (p > 0,67).

Conclusiones: se encontró una relación positiva entre las categorías de

peso al nacer con algunos factores de riesgo de ECV. La depresión no se

asoció  con  el  peso  al  nacer  según  los  resultados  de  este  estudio

poblacional.

Palabras  clave:  Peso  al  nacer.  Riesgo cardiovascular.  Depresión.

Población mexicana. 
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INTRODUCTION

The “developmental origins of health and disease” hypothesis explains

that  an  adverse  environment  during  a  critical  period  of  growth  and

development  may have lifelong consequences  on organ development

and mental  health status,  and may increase the risk for certain non-

communicable diseases (NCDs) in the mid and long term (1-3).

In 2015, 20.5 million newborns were registered worldwide, and 14.6 % of

them had low birthweight (LBW < 2500 g). In that year in Mexico, it was

estimated  that  5-10 %  of  newborns  had  LBW  (4).  Furthermore,  the

incidence of  high birthweight (HBW > 4000 g) varies across different

regions of the world, depending on the cut-off value of minimum weight.

Worldwide estimates range from 3 % to 10 % of all newborns, while in

Mexico 4.8 % of newborns have HBW (7). Both LBW and HBW are risk

factors for certain NCDs.

Currently,  the  association  between  birthweight,  components  of  the

metabolic  syndrome (MetS)  and  mental  illness  remains  controversial.

Results are inconsistent, with some studies showing strong associations

while others do not (6-20).  Regarding birthweight and MetS,  a recent

cross-sectional study in Chinese and Spanish adolescents reported that

HBW  is  associated  with  hyperglycemia,  low  high-density  lipoprotein-

cholesterol  (HDL-C),  hypertriglyceridemia,  and  abdominal  obesity  (7).

HBW is associated with early development of insulin resistance, type-2

diabetes mellitus (T2DM), obesity, and MetS (6,7). Regarding high blood

pressure, several studies have shown an inverse relationship between

birthweight and blood pressure (BP) (8,9).  LBW in combination with a

positive family history for T2DM in the maternal branch is a risk factor

for  MetS,  independently  of  weight  status  (6,10).  Previous  reports

indicated a J-shape or U-shape relationship between birthweight and fat

mass later in life (6). 

A  recent  study  indicates  that  LBW,  used  as  a  proxy  for  intrauterine

growth  retardation,  is  causally  related  to  increased  susceptibility  to
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coronary  artery  disease  and  T2DM.  The  authors  reported  that  this

relationship  was  not  mediated by  adult  obesity  or  hypertension (11).

Also, childhood cardiometabolic risk exhibits specific patterns for race

and gender. For example, birthweight and high waist circumference (WC)

in black children follow a U-shaped relationship, as well as high systolic

blood pressure (SBP) in Mexican and Hispanic children. LBW with high

SBP and low HDL-C appears to be more prominent  in boys,  while an

inverse association with high HbA1c is more evident in girls (12).

All these findings differ from those presented by Dos Santos et al., who

reported that birthweight is not a risk factor for the development of MetS

during adolescence (13), and those presented by de Rooij et al., where

LBW is not associated with an increased prevalence of MetS in adulthood

(14). 

Few  studies  have  evaluated  the  potential  association  between

birthweight and mental illness. There is evidence that LBW increases the

risk for psychiatric problems such as stress, major depressive disorder

(MDD), and anxiety disorders when compared with infants weighing >

3500 g at birth (15). Other studies show a U-shape relationship between

birthweight, mental disorders, and insomnia. HBW and LBW adolescents

have a higher risk for mental  problems and sleep disorders (6,16).  A

recent study refuted the hypothesis from observational studies about the

association between birthweight and mental  disorders with Mendelian

randomization — a novel  method that tests  causality on the basis of

genetic data (17). 

Some  studies  show  a  correlation  between  mental  problems  and

development  of  cardiovascular  diseases  (CVD)  later  in  life  (18,19).  A

recent  study  with  primary  care  patients  found  that  depression  and

anxiety  disorders  were  associated  with  an  increased  risk  for  arterial

hypertension, obesity, and hyperlipidemia (20).

To  our  knowledge,  there  is  no  data  about  the  relationship  between

birthweight,  depression,  and  CVD  risk  factors  among  Mexican  young

6



7

adults;  therefore,  we  decided  to  investigate  the  possible  association

between these three variables in young adult students.

MATERIALS AND METHODS 

Study population 

Participants  were  selected  from the  2009  UP  AMIGOS cross-sectional

study  (Universities  of  San  Luis  Potosí  and  Illinois:  A  Multidisciplinary

Investigation on Genetics, Obesity, and Social Environment). This was a

cross-sectional study of young adults aged 17 years 6 months and one

day to 25 years, applicants to a public university in Mexico, who were

seeking admission for the 2010 school cycle between February and July

of 2009.

As  part  of  the  university  application  process,  all  participants  were

submitted to a health screen at the university clinic. The health screen

consisted of: 1) anthropometric measurements, including height, weight,

WC, and BP; 2) a medical interview and physical exam conducted by a

physician;  3)  a  blood  draw  following  an  overnight  fast  for  biological

markers;  and 4)  the self-reported depressive  symptoms questionnaire

Center  for  Epidemiological  Studies  Depression  Scale  (CESD-10)  (21).

Individuals willing to participate were apprised of study goals and their

rights before signing the informed consent form. The Institutional Review

Boards of both the Autonomous University of San Luis Potosí and the

University of Illinois at Urbana-Champaign approved the study protocol. 

Briefly, a total of 6,400 samples and valid questionnaires were collected.

Only 778 were found to be eligible on the basis of the selection criteria

with  complete  demographics,  lipid  profiles,  and  birthweight  data.

Birthweight was registered and categorized as < 2500 g, 2500 to 4000

g, and > 4000 g.

Anthropometric measures 
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All measures were taken by trained health professionals at the university

clinic. For all measurements, students were barefoot and wearing light

clothes. Height was measured using a stadiometer to the nearest 0.5

cm, and weight was measured on a calibrated scale and recorded to the

nearest 0.1 kg (Torino, Mexico). Weight and height were measured twice

and the mean of the two values was reported. For the body mass index

(BMI) calculation, weight (kg) was divided by the square height (m2) and

classified  in  accordance  with  the  World  Health  Organization’s

international classification: underweight (≤ 18.49 kg/m2), normal weight

(18.50-24.99  kg/m2),  overweight  (25.00-29.99  kg/m2)  and  obese  (≥

30.00 kg/m2). WC was measured using a flexible, non-stretching nylon

tape at the level between the last rib and iliac crest following normal

expiration, with the subject in the standing position, and was recorded to

the nearest 0.1 cm. WC risk level for MetS was determined according to

the International Diabetes Federation (IDF)/American Heart Association

(AHA) population- and sex-specific joint definition: at risk males (≥ 90

cm) and at risk females (≥ 80 cm) (22). 

Blood pressure

BP  was  measured  by  trained  and  certified  healthcare  providers

according to a protocol adapted from the procedures recommended by

the American Heart Association. BP was taken on the dominant arm after

at least a 5-min rest while participants were in a sitting position. Arms

were bare and supported at heart level, and we used appropriately sized

Welch Allyn cuffs.  According to the harmonized definition,  high blood

pressure was defined as SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg (22). 

Family history 

The family history of CVD and T2DM was assessed during the medical

interview,  including  family  members  (sisters,  brothers,  parents,

grandparents) known to have the disease.
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Assessment of depressive symptoms

Participants  completed  the  CESD-10  questionnaire.  Items  evaluate

depressed affect, positive affect, somatic complaints, and interpersonal

problems. In a previous Mexican study, the CESD-10 tool showed good

psychometric  properties  with  Cronbach’s   =  0.72  (23).  Participants

rated how often they experienced each symptom during the past week

using 4 response options from “Rarely or none of the time” (less than 1

day) to “All of the time” (5-7 days). Positive items were reversed, and

responses  assigned  numeric  values  (0  to  3)  before  being  summed.

Possible  scores  range  from  0  to  30,  with  a  score  of  10  or  higher

considered a positive screen for depression (21,24).

Biochemical measurements 

Blood samples were collected after an overnight fast (≥ 8 hours).  All

samples were measured in the Alcyon 300 autoanalyzer (Abbott, Illinois,

USA,  with  reagents  from BioSystems,  Mexico).  Fasting  blood  glucose

(FBG)  was  determined  according  to  the  glucose  oxidase  peroxidase

method. Impaired fasting glucose (IFG) was defined as a FG ≥ 100 mg/dL

(22).  Serum total  cholesterol  (TC),  HDL-C, and triglycerides (TG) were

determined by standard methods at the Clinical  Research Laboratory,

Chemistry School, UASLP in Mexico. Low-density lipoprotein-cholesterol

(LDL-C)  and  very-low-density  lipoprotein-cholesterol  (VLDL-C)  were

calculated  using  Friedewald’s  equation.  Hypertriglyceridemia  was

defined as a TG concentration ≥ 150 mg/dL, hypercholesterolemia as TC

≥ 200 mg/dL, high LDL-C as a concentration > 130 mg/dL, and low HDL-

C was defined as ≤ 40 mg/dL in males and ≤ 50 mg/dL in females (25). 

Statistical analysis

Participants’  general  characteristics  were  categorized  separately  by

birthweight category. A one-way analysis of variance (ANOVA) with post-
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hoc test was performed to evaluate significant differences in quantitative

variables, and the 2 test was used for qualitative characteristics. Mean

values for CV risk factors, such as serum lipid profile and glucose levels,

as  well  as  BP,  were  reported  by  using  the  ANOVA  (post-hoc  test)

approach  across  the  different  categories  of  birthweight.  Statistical

analyses were performed using the SPSS for Windows software (version

26.0.  SPSS,  Chicago,  IL,  USA),  and  p-values  <  0.05  were  considered

statistically significant.

RESULTS

The number of women and men included in the present study was 469

(60.2 %)  and  309  (39.7 %),  respectively.  The  means  and  standard

deviations (SDs) of general characteristics, CESD-10 scores, and family

history across birthweight categories are shown in table I. Both groups

with birthweight > 4000 g had the highest amount of weight and BMI (p

<  0.05).  No  significant  relationships  were  found  between  CESD-10.

However, a significant relationship was found only for WC in men and for

height in women.

Means and SDs for BP, lipid profile, and serum glucose levels according

to birthweight categories are shown in table II. There was a significant

association  between  SBP  and  DBP,  but  only  DBP  had  statistical

significance across birthweight categories. Participants with birthweight

> 4000 g, had higher means for DBP (p < 0.05). 

DISCUSSION

The  gestational  stage  and  early  childhood  represent  a  window  of

phenotypic  plasticity,  and  represent  a  sensitive  period  as  related  to

cardiometabolic risk programming. Maternal weight status, lipid profile,

smoking  habit,  gestational  diabetes  mellitus,  or  hypertensive  disease

during pregnancy condition birthweight and gestational age (26-29). 
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All these prenatal factors, along with postnatal factors like breastfeeding

and  rapid  weight  gain  during  childhood,  are  associated  with

cardiometabolic risk later in life (29-33). Genetic factors and epigenetic

mechanisms  play  an  important  role  in  programming  the  genes

correlated to cardiovascular and mental disease (34,35). 

There  are  very  few  studies  in  developing  countries  that  review  the

association  between  birthweight,  components  of  MetS,  and  mental

illness.  We  decided  to  investigate  the  possible  association  between

these  three variables  in  young Mexican  adults.  Our  results  are  quite

similar to those of previous studies (3). In the present study only HBW

had an association with overweight and obesity. The reviewed studies

demonstrated a J- or U-shaped relationship between these two variables

(6,7). We also observed, in men only, a significant association between

birthweight and central obesity (p < 0.05), which was only marginally

identified among women (p = 0.05). 

We found that SBP had statistical significance but was inconclusive at

the post-hoc test. Only HBW was associated with high DPB. The results

from studies examining the associations between HBW and hypertension

are  inconsistent.  Several  studies  showed  an  inverse  relationship

between  birthweight  and  BP  (8,9).  Nevertheless,  a  recent  study  in

adolescents  showed  a  positive  association  between  HBW  and

hypertension (36). 

There are studies that support the statement that cardiovascular risk

factors are related to the transmission of mitochondrial DNA (6,37). Our

study did not find a significant p-value for a family history of diabetes or

cardiovascular disease in the maternal branch, but it could have been

otherwise with more cases.  

Other CVD risk factors and components of MetS, including low HDL-C,

and  high  levels  of  LDL-C,  TC,  TG,  SBP  and  FBG,  had  no  significant

association with birthweight categories. Also, in this study we observed

no association between birthweight categories and CESD-10 score (17). 

11



12

We mentioned above that Dos Santos et al. found that birthweight was

not a risk factor for the development of MetS during adolescence (13).

This result was probably conditioned by the small size of their Brazilian

cohort  (n  = 172),  a  possible  bias  in  the  selection  of  participants,  or

methodological differences in the evaluation of adiposity. Nevertheless, a

study  with  a  Mendelian  randomization  analysis  studied  7  single

nucleotide  polymorphisms  (SNPs)  independently  contributing  to

birthweight  at  genome-wide  significance  to  estimate  the  effect  of

birthweight on risk of  coronary ischemic disease,  and they concluded

that  there  was  no  strong  evidence  between  birthweight,  coronary

disease, and lipid profile (38).

Despite this  inconsistency among studies,  there is  a need to develop

public  health  policies  that  adopt  preventive  measures  to  promote

adequate  maternal-fetal  and child  development,  and enable  an  early

diagnosis of metabolic abnormalities (28), as well as Improvements in

the policies related to healthy eating, demanding proper food labeling,

promotion  of  exclusive  breastfeeding  for  at  least  6  months,  and

community-based  primary  prevention  programs  regarding  lifestyle,

among other measures (29,39). A study reveals iron supplementation in

children with LBW as a measure to reduce systolic blood pressure on

childhood (40).  That  is  a  novel  observation  suggesting that  CVD risk

factors like hypertension might be reduced with early interventions.

A low number of cases is the main limitation of this study. We only had

778 patients who fulfilled the selection criteria, 689 cases of NBW, 63

cases (8 %) of LBW, and 26 cases (3.3 %) of HBW, which corresponds to

the  percentages  of  LBW  and  HBW  in  the  Mexican  literature.  The

observed  results  have  to  be  carefully  analyzed.  Other  prenatal

confounders  like  maternal  obesity,  smoking  habit,  and  gestational

diabetes mellitus, and postnatal confounders like breastfeeding duration,

socioeconomic  status,  complementary  feeding,  catch-up  growth,  diet

and physical activity, were not available and were not considered in the
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analysis. Due to the cross-sectional design we were unable to determine

causality. 

In  conclusion,  the  findings  of  this  population-based  study  revealed  a

positive relationship between birthweight categories and some CVD risk.

Young adults that were born with HBW had association with high DPB,

weight, and BMI. Depression was not related to birthweight categories.

CONCLUSIONS

The  findings  of  this  population-based  study  (young  Mexican  adults)

revealed  that  depression  was  not  related  to  birthweight.  However,  a

positive  relation  between  birthweight  categories  and  some  CVD  risk

factors  such  as  DBP,  weight,  and  BMI  was  shown  in  both  genders.

Furthermore, WC and height had a relationship with birthweight in men

and women, respectively.
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Table  I.  General  characteristics,  CESD-10 score,  and  family  history  of

participants according to birthweight (g) categories

Men birthweight (g)
p-

value*
Women birthweight (g) p-value*

< 2500
2500-

4000
> 4000 < 2500

2500-

4000
> 4000

Age (y) 17.8 (0.5) 17.9 (1.4) 18.8 (2)
<

0.05†

17.6

(0.9)
17.8 (1.2)

18.1

(0.3)
0.42

BMI (kg/m2) 21.7 (1.9) 23.8 (4.2)
25.7

(5.6)

<

0.05‡

21.7

(3.5)
23.1 (4.4)

26.2

(6.9)
< 0.05‡

Weight (kg) 62.1 (6.2) 70.1 (14.2)
77.3

(18.2)

<

0.05‡

54.1

(9.8)

58.9

(12.7)

70.7

(20.8)
< 0.05§

Height (m)
1.69

(0.05)
1.71 (0.06)

1.73

(0.07)
0.21

1.58

(0.05)

1.59

(0.06)

1.63

(0.07)
< 0.05‡

Waist (cm) 78.1 (5.9) 81.3 (11.3)
88.9

(12.5)

<

0.05||
73.5 (8)

77.4

(11.9)

83.4

(16.2)
0.05

CESD-10 5 (2) 6 (5) 6 (4) 0.51 7 (5) 7 (4) 7 (6) 0.68

Family history

of  T2DM,  %

(n)

Father

Mother

23.5 (4)

11.8 (2)

33.8 (93)

33.4 (92)

47 (8)

47 (8)

0.73
28.2

(13)

32.6

(15)

32.6

(135)

38.8

(161)

66.6 (6)

77.7 (7)

0.66

Family history

of CVD, % (n)

Father

Mother

5.9 (1)

47.1 (8)

16.3 (45)

21.8 (60)

11.7 (2)

29.4 (5)

0.14

23.9

(11)

16.9 (70)

25.6

11.1 (1)

44.4 (4)

0.14
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17.3 (8) (106)

Values are mean (SD) or percentage (number)  if  % is indicated. BMI:

body  mass  index;  CESD-10:  center  for  epidemiological  studies

depression scale; T2DM: diabetes mellitus type 2; CVD: cardiovascular

disease.  *p-values  result  from an  analysis  of  variance.  †According  to

Tukey’s post-hoc test,  the p-value between birthweight > 4000 g and

birthweight = 2500-4000 g is p < 0.05. ‡According to Tukey’s post-hoc

test, the p-value between birthweight > 4000 g and birthweight < 2500

g is p < 0.05. §According to Tukey’s post-hoc test, the p-value between

all groups is p < 0.05. ||According to Tukey’s post-hoc test, the p-value

between birthweight > 4000 g and the two other groups is p < 0.05.
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Table  II.  Blood pressure,  lipid  profile,  and serum glucose level  (mean

[SD]) according to birthweight categories

SBP:  systolic  blood  pressure;  DBP:  diastolic  blood  pressure;  TC:  total

cholesterol;  TG:  triglycerides;  HDL-C:  high  density  lipoprotein-

cholesterol; LDL-C: low-density lipoprotein-cholesterol; VLDL-C: very low

density  lipoprotein-cholesterol;  FBG:  fasting  blood  glucose.  *p-values

result from the analysis of variance. †Statistical significance according to

p-value  but  no  difference  between  groups  in  Tukey’s  post-hoc  test.

‡According to Tukey’s post-hoc test, the p-value between birthweight >

4000 g and the two other groups is p < 0.05.

21

Birthweight, g p-value*
< 2500 2500-

4000

> 4000

SBP (mmHg) 108 (9) 111 (10) 112 (8) < 0.05†

DBP (mmHg) 70 (8) 72 (8) 76 (8) < 0.05‡

TC (mg/dL) 170 (40) 163 (36) 161 (37) 0.39
TG (mg/dL) 110 (61) 107 (44) 105 (36) 0.83
HDL-C (mg/dL) 47 (11) 48 (11) 49 (12) 0.83
LDL-C (mg/dL) 100 (34) 95 (33) 92 (36) 0.35
VLDL-C (mg/dL) 22 (12) 21 (9) 21 (7) 0.83

FBG (mg/dL) 86 (8) 88 (8) 89 (5) 0.10


