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Abstract
Introduction Renal growth in infancy determines renal function in adulthood and can easily be assessed via infant 
renal volume. Renal growth is influenced by many endogenous and exogenous factors among which nutrition is 
of prime importance. Worldwide, infants get their nutrition either from breast milk or formula, both of which have 
controversial roles in kidney growth and development.

Methods A cross-sectional study was done on healthy infants in the Pediatric Nephrology Department of Mayo 
Hospital, Lahore. These infants were either breastfed or artificially fed and their kidney volumes were noted to 
determine any significant difference in kidney size. Both informed and written consent was taken before data 
collection and the data was analyzed using SPSS version 26.

Results Out of 80 infants included in our study, 55% were male and 45% were female. The mean age was 8.9 months 
and the mean weight was 7.6 kg. The mean total kidney volume was 45.38 cm3 and the mean relative kidney volume 
was 6.12 cm3/kg. No statistical difference in relative renal volume was found between breastfed and artificially fed 
infants.

Conclusion The present study aimed to compare the renal volume and thus renal growth in breastfed versus 
formula-fed infants. No statistical significance was found in relative renal volume between breastfed and artificially fed 
infants.
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      Introduction
Chronic kidney disease (CKD) is one of the leading global 
health challenges with a prevalence of 13.4% worldwide. 
4.9 to 7.0 million people require renal replacement ther-
apy which is a scarce resource in developing countries. 
CKD also contributes to a significant financial burden, 
even in the developed world [1]. Therefore, research on 
preventive strategies is the need of the hour.

The total number of nephrons in neonates may deter-
mine adult kidney health and may portend a predilection 
to the future development of not only renal but cardio-
vascular disorders as well [2–4]. The nephron number 
in neonates depends on various factors like birth weight, 
prematurity, and gender, with low birth weight being the 
most significant determining factor [3]. Studies in ani-
mal models suggest that rapid kidney growth continues 
from the prenatal period into early infancy [5]. Whether 
this period of growth is synonymous with kidney devel-
opment in humans remains unclear. However, it has 
been shown that low infant weight gain is associated 
with lower kidney function in children, supporting the 
hypothesis that kidney performance is dependent on cer-
tain variables prevalent in infancy [6].

Given the potential role that the nephron fund in 
infants might play in the development of future renal 
and cardiovascular disorders and the hypothesis that 
early infancy harbors a period of rapid nephron devel-
opment, the study of the environmental factors in early 
infancy that affect kidney development becomes a novel 
and interesting research question. This idea in itself is 
not entirely new and various researchers in the past have 
discussed the potential effects of various interventions in 
infancy on renal performance [2, 7]. A few studies have 
also tried to explore the effect of environmental factors 
that might bring an impact on renal growth in infancy 
but nothing substantial has been established [6, 8].

While many environmental factors affect renal growth 
in infants, nutrition is the most important [9]. In Paki-
stan, as in the rest of the world, the most important 
source of nutrition for infants is breastfeeding. It has 
many maternal and infant benefits [9]. In Pakistan, the 
rate of exclusive breastfeeding is 38% and that of non-
exclusive breastfeeding is 67%, which is far from ideal 
[10]. This study aims to understand the impact of the type 
of nutrition, either breastfeeding or artificial feeding, on 
infant kidney function, using renal volume assessed via 
ultrasound as an indicator of renal growth. In addition, 
this is the first study ever that reports infant’s kidney 
sizes in the Pakistani population, an important statistic 
because malnutrition is rampant in Pakistan which may 
cause the infant kidney sizes in our population to not 
conform to international standard ranges.

Methods and materials
Setting and time of study
The study was conducted from May 2022 to Sept 2022, in 
the Division of Pediatric Nephrology, Pediatrics Medical 
Unit 2, Mayo Hospital, Lahore, Pakistan.

Study design
Cross-sectional study.

Inclusion criteria
All male or female patients of the pediatric population 
aged 1–12 months, that were either solely breastfed or 
artificially fed were included as subjects for our study.

Exclusion criteria
Children with abnormal renal anatomy which affects 
renal size were excluded from the study. Such abnor-
malities included but were not limited to hydronephro-
sis, reflux, scarring, cysts, congenitally abnormal kidneys, 
etc. Those who were born pre-term or post-term (before 
37 or after 42 weeks) were also excluded from our study.

Data collection procedure
Renal volume assessed via ultrasound has been estab-
lished as a reliable indicator of kidney function. Kidney 
function itself depends on the functional nephron mass 
so it’s logical to assess nephron mass as a function of kid-
ney volume in infants, a strategy that we employed in our 
study [11, 12]. We obtained a detailed history and physi-
cal examination of patients presenting to the Department 
of Pediatrics - Unit 2 at Mayo Hospital, Lahore, Pakistan. 
Using the WHO standards for child growth, we assessed 
various anthropometric measures and chose normally 
nourished infants for this study [13–15].

In our study, the formula-fed infants were fed two 
types of formulas according to age. Infants less than six 
months received Formula Feed 1 while infants from age 
of 6 months to the age of 12 months received Formula 
Feed 2. The exact contents of the two types of formulas 
are given below. These two feeds have slight differences 
in nutritional content according to the physiologic needs 
of the growing infant.

Content (per 100 gm of powder) Formula Feed 1 Formula Feed 2
Energy (Kcal) 487 469

Protein (g) 10.7 14.2

 - Whey: Casein 65:35 40:60

Carbohydrates (g) 59.3 59.3

 - Sucrose 0 0

Total Fat (g) 23 19.5

 - Milk Fat 12 12

 - Saturated Fatty Acids 13 9.8

 - Monounsaturated Fatty Acid 4.4 3.8

 - Polyunsaturated Fatty Acids 2.6 3.4
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Content (per 100 gm of powder) Formula Feed 1 Formula Feed 2
Sodium (mg) 99 150

Iron (mg) 3 6.2

Both written and informed consent was obtained from 
the parents. Children were admitted for 10–12 h to the 
ward from the outpatient department. Chloral hydrate 
syrup was used at the dose of 50-75 mg/kg for sedation 
with appropriate management of hypothermia.

Thirty minutes after administration of the syrup, the 
kidney sizes of 80 children were assessed by a pediatric 
radiologist with 15 years of experience, using a 3.5 MHz 
convex US probe. Keeping the child in prone position, 
three longitudinal and three cross-sectional scans of each 
kidney were obtained. Kidney volume was calculated in 
cubic centimeters using the equation for an ellipsoid: vol-
ume = mean length x mean width x mean depth x 0.523. 
Relative kidney volume was calculated as combined kid-
ney volume/body weight (cm3/kg) [11].

Data analysis procedure
Data entered was analyzed using IBM Statistical Pack-
ages for Social Sciences 26. Quantitative variables rep-
resenting age and renal measurements were reported as 
mean ± SD. Qualitative variables like gender were pre-
sented as percentages. As relative kidney volume was 
s non-normally distributed variable in our study, we 
employed the Mann-Whitney U test for data analysis. 
p-value < 0.05 was taken as statistically significant.

Results
Out of 80 patients that met the inclusion criteria, 55% 
were male and 45% were female. The mean age was 8.9 
months. Our youngest patient was 3 months old and the 

oldest was 12 months old. The mean weight was 7.6  kg 
(SD ± 1.7 kg).

Patients in different feeding categories are described in 
Table 1.

Renal measurements of patients measured via ultra-
sound are given in Table  2 as means and standard 
deviations.

Male patients (N = 44) had a greater relative kidney vol-
ume (6.63 cm3/kg ± 2.24) than female patients (N = 36) 
(5.49 cm3/kg ± 1.32).

The results of the statistical analysis are shown in 
Table 3. Mann-Whitney U test was carried out due to the 
non-normality of the relative kidney volume variable. The 
breastfeeding category (N = 40) had a larger mean rank 
(43.99) than the artificially fed category (N = 40) which 
had a mean rank of 37.01. A statistically insignificant dif-
ference was found (U = 660.5, p = 0.179).

Discussion
Renal growth in infants is affected by various endogenous 
and exogenous factors; among which nutrition is the 
most important. Renal size however is multifactorial and 
is governed by many factors like age, sex, BMI, number/
stenosis of renal arteries [16]. Most importantly, nutri-
tion governs the growth and size of kidneys in neonates 
and when not adequately provided can adversely affect 
kidney function. Calorie and protein deficiency are nutri-
tional deficiencies specifically retarding kidney growth. 
In Pakistan, where malnutrition is one of the major 
health problems, nutrition is usually provided to infants 
by feeding them breast milk or formula milk [17]. Human 
milk is considered the best source of nutrition for infants 
as it promotes brain and body growth, modulates intes-
tinal function, strengthens the infant’s immune system, 
and provides many maternal benefits as well. But it may 
not be available or suitable in all circumstances. Also, 
the proteins present in the mother’s milk decrease after 
the first month postpartum. To overcome this, formula 
milk has been designed which try to meet the infants’ 
nutritional requirements as adequately as possible. Com-
mercially produced fortified milk often contains the pro-
teins and nutrients which are required for the optimum 
growth and development of the infant. Therefore, relying 
solely on breast milk may lead to inadequate growth of 
kidneys in infants [18]. But whether human milk or artifi-
cial milk is more beneficial for kidney growth in infants is 
still controversial.

The growth of kidneys in infants is evaluated by 
measuring renal volume which is the most important 

Table 1 Feeding Categories
Breast Fed Artificially Fed
Boys Girls Boys Girls
27 (33.8%) 13 (16.3%) 17 (21.3%) 23 (28.7%)

Total 40 40

Table 2 Renal Measurements
Right Left

Length (cm) 5.28 ± 0.7 5.38 ± 0.58

Width (cm) 2.73 ± 0.81 2.82 ± 0.85

Depth (cm) 2.56 ± 1.74 2.42 ± 0.60

Volume (cm3) 21.99 ± 6.15 23.39 ± 7.17

Total Kidney Volume (cm3) 45.38 ± 12.90

Relative Kidney Volume (cm3/kg) 6.12 ± 1.96

Table 3 Statistical Analysis
Relative Kidney Volume Feeding Type N Mean Rank Sum of Ranks Mann- Whitney U p

Breast Fed 40 43.99 1759.50 660.500 0.179

Artificially Fed 40 37.01 1480.50
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parameter in assessing kidney function. It is usually mea-
sured via ultrasound, an invariable and reliable method 
to measure kidney dimensions [17]. Measuring kidney 
volume in infancy is important as several studies have 
suggested that poor kidney growth in infants is associ-
ated with the development of hypertension and various 
kidney diseases later in life. It also increases the risk of 
developing cardiovascular problems in such individuals, 
which is the major contributor to morbidity and mortal-
ity worldwide [6]. In the present study we assessed kid-
ney function by measuring renal volume in infants and 
tried to compare the size of kidneys in breastfed and for-
mula milk-fed infants.

Of the 80 infants included in our study, 55% were 
male and 45% were female with a male-to-female ratio 
of 1.2. The mean age of the infants was 8.9 months and 
the mean body weight was 7.6 kg. This is in contrast to a 
study conducted by Schmidt et al [11]. in which the mean 
body weight of infants was around 3.6 kg.

For the right kidney, the mean dimensions were 
5.28  cm, 2.73  cm, and 2.56  cm for length, width, and 
depth respectively. In comparison, the mean renal 
dimensions for the left kidney were 5.38  cm, 2.82  cm, 
and 2.42  cm for length, width, and depth, respectively. 
The mean renal volume was 21.99 cm3 for the right kid-
ney and 23.39 cm3 for the left kidney. The mean kidney 
volume in our study was comparable to that noted by 
Schmidt et al [11]. Mean total renal volume (mean of the 
sum of volumes of both kidneys) was 45.38 cm3 and rela-
tive kidney volume (total kidney volume divided by infant 
weight) was 6.12 cm3/kg. This is also comparable to the 
readings recorded by Schmidt et al [11] ranging from 6.8 
to 7.6 cm3/kg in breast-fed and formula-fed infants. In 
our study, male patients had greater relative kidney vol-
ume than female patients.

Due to the non-normality of our data, Mann-Whitney 
U test was performed. The mean rank was greater in 
breastfed infants as compared to artificially fed infants. 
But no statistically significant relationship was found 
between the feeding type and relative kidney volume in 
our study participants. Past studies offer conflicting evi-
dence as well. Studies conducted by Miliku et al [6] and 
Schmidt et al [11] showed that a shorter duration of 
breastfeeding was related to a smaller combined kidney 
volume. In another study conducted by Voortman et al 
[19] longer breastfeeding duration was associated with 
larger kidney volume and an increased estimated glomer-
ular filtration rate in infants. But in a study conducted 
by Ece. et al [17], increased renal growth was reported 
in artificially-fed versus breast-fed healthy infants. Thus, 
until now, conflicting evidence exists in the medical lit-
erature regarding the role of the type of infant nutrition 
on breastfeeding. Much more medical evidence is needed 
to conclusively define the role of infant feeding on renal 

growth. Our study and its findings are a new and unique 
addition to this growing pool of medical evidence regard-
ing the effect of infant nutrition on kidney growth.

Limitations of our study include its low sample size. 
Our study was a single-center study. Patients were not 
followed later on to reassess for continued kidney growth 
past infancy. Specific age cut-offs for the measurement 
of kidney size were not used in our study. Renal function 
markers like creatinine levels were not done because of 
limited resources. For the future, we believe that a mul-
ticenter study, with a large sample size and one that fol-
lows kidney growth into well past infancy, will be able to 
effectively elucidate the effect of breastfeeding/artificial 
feeding on the kidney function of individuals in infancy 
and then in adulthood.

Conclusion
Renal growth in infancy directly affects renal function in 
adulthood and can be easily assessed by measuring rela-
tive kidney volume using ultrasound. The present study 
aimed to establish a relationship between feeding type 
and relative kidney volume in infants. No statistically 
significant relationship was found between relative kid-
ney volume and type of nutrition (either breast milk or 
formula milk) in infants. Further studies should be con-
ducted to assess the long-term consequences of breast-
feeding versus artificial feeding on infant kidney growth 
and adult kidney function.
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