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Contextual factors associated
with neonatal pain responses:
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Objectives: This study aimed to identify the contextual factors of neonatal pain
responses and provide clinical medical staff with evidence regarding effective
means of evaluating neonatal pain and strengthen clinical pain management.
Methods: Two trained nurses independently used the Neonatal Infant Pain Scale
(NIPS) to assess the pain scores of 198 neonates after they underwent painful
medical procedures. Univariate linear regression analysis was performed to
analyze the correlation between contextual factors and NIPS scores. Variables
with statistically significant differences (p < 0.2) after univariate linear
regression analysis were selected as independent variables, and the NIPS score
was used as the dependent variable. Multiple linear regression was used to
determine the salient factors associated with neonatal pain responses. This
study was registered at the Chinese Clinical Trial Registry (ChiCTR2300074086).
Results: Univariate linear regression analysis showed that the NIPS scores were
associated with days after birth, types of painful procedures, Apgar scores at
1 min after birth, and gestational age (GA) (p < 0.2). Multiple regression analysis
showed that Apgar score at 1 min after birth (β= 0.272, p < 0.001) and GA
(β=0.503, p < 0.001) were independent associated factors of neonatal pain
responses. Neonates with low Apgar scores at 1 min after birth and younger
GA had less pronounced pain responses.
Conclusions: The Apgar score at 1 min after birth and GA affected the neonatal
pain responses. In this regard, the current clinical method of pain assessment
solely through observation of neonatal pain responses is occasionally
inaccurate. The Apgar score at 1 min after birth and GA should be considered
in determining the neonatal pain status and hence enhance the quality of
neonatal pain management.
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1 Introduction

The causes of neonatal pain include medical procedures,

diseases, and trauma. Neonates who are hospitalized in the

neonatal intensive care unit (NICU) receive more than a dozen

painful treatments, such as endotracheal intubation, heel sticks,

and venous and arterial punctures, every day on average (1–3).

Neonatal diseases, such as intussusception, gastrointestinal

perforation, and anal fissure, also produce pain symptoms.

Repeated exposure to painful stimuli in neonates early in life

leads to short- and long-term sequelae, including abnormalities

in metabolism, brain development, and somatosensory and

neural stress response systems (4, 5).
1.1 Neonatal pain assessment

Scholars have focused on developing an accurate evaluation of

neonatal pain, which has been proven to be a challenge (6–8). At

present, the pain status of neonates is evaluated through

observation of their physiological and behavioral responses.

Behavioral indicators commonly used to judge pain in neonates

include facial expressions, physical activity, crying, and so on.

The main physiological indicators used to judge pain comprise

heart rate, respiration, oxygen saturation, blood pressure, and so

on. However, these indicators differ in terms of the physiological

and neurological development stages of neonates (9); as such,

they do not fully reflect the pain status of neonates.
1.2 Influence of contextual factors on pain
assessment

Contextual factors comprise the individual characteristics of

neonates [e.g., sex, gestational age (GA), birth weight, etc.],

length of hospital stay, mode of delivery, age after birth,

therapeutic intervention, Apgar score, and so on. These factors

can influence the pain responses of neonates (10–12). Therefore,

the observation method for the responses of neonates for the

assessment of their degree of pain may be biased (13, 14).

Although the important role of contextual factors in pain

assessment has been recognized, their influence is still often

ignored in clinical work.

GA is often included in studies on the influence of pain

responses on neonates. Numerous studies (10, 15–18) have

shown a positive correlation between GA and pain reactions,

and it was attributed to the progressive development of the

neuromuscular system. Neonates with a high GA display

complete development of the neuromuscular system (19, 20), as

demonstrated through their physiology and behavior, such as

facial expressions, body activity, heart rate, and so on, when

experiencing pain (11, 21). A systematic review from

Switzerland revealed that neonatal pain scores and behavioral

responses increased with GA, which emphasizes the importance

of considering GA in pain assessment (17). However, GA has
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no significant influence on pain responses (22, 23). Therefore,

the correlation between GA and pain responses needs to

be verified.

Gender is another important contextual factor in neonatal pain

response. Although male infants show higher physiological pain

responses (12), evidence confirming gender’s effect on neonatal

pain behaviors is insufficient (24). In addition, female neonates

exhibit more facial expressions of pain, possibly due to

differences in pain processing or expression between genders

(25). Conversely, other studies found no significant correlation

between gender and pain responses (26–28).

The relationship between the Apgar score and pain responses

has also yielded inconsistent results. One study suggested the

positive correlation of the Apgar score at 1 min after birth with

the facial score (29), and another study implied its negative

correlation with the pain score (12). Furthermore, Apgar scores

at 5 min after birth have been positively associated with

behavioral responses (12), including frowning and deepening of

the nasolabial groove, but not with eye squeezing, heart rate, and

oxygen saturation (30). Another research showed that infants

with lower Apgar scores displayed more motor stress cues but

less facial activity after painful procedures (29).

Moreover, some studies have incorporated contextual factors,

such as the mode of delivery (31–33), birth weight (27, 33), and

postnatal age (34). However, the findings remain inconsistent.

One research found that a high birth weight considerably

reduced pain responses during immunization (33), and another

reported no significant correlation between birth weight and

pain responses (29). In addition, endotracheal intubation,

femoral vein puncture, and adhesive removal were identified as

the most painful procedures (35), and higher pain scores were

reported for venipuncture, heel sticks, and intramuscular

injection (36).

In conclusion, a few studies have been conducted on other

contextual factors that influence neonatal pain responses, and the

results were inconsistent (17). Although various factors were

identified, a discrepancy was observed in the findings related to

insufficient sample size and the on-site assessment of

environmental effects. This study aimed to identify the

contextual factors of neonatal pain responses and provide clinical

medical staff with evidence regarding effective means of

evaluating neonatal pain and strengthen clinical pain management.
2 Methods

This cross-sectional study complied with the Strengthening the

Reporting of Observational Studies in Epidemiology (https://www.

equator-network.org/). In this work, a camera was used to record

the pain responses of neonates undergoing painful medical

procedures. After viewing the recorded videos, trained nurses

scored the neonates’ pain using the Neonatal Infant Pain Scale

(NIPS). The data on neonatal contextual factors were collected,

and the correlation between the contextual factors and pain

scores was analyzed to determine the contextual factors affecting

neonatal pain responses.
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2.1 Participants

A total of 209 neonates admitted to the NICU at the

Affiliated Hospital of Zunyi Medical University from October

2022 to December 2022 were selected. The inclusion criteria

consisted of the following: (a) patients ≤28 days old; (b)

patients who underwent painful procedures for diagnosis or

treatment; (c) patients with parents or legal guardians who

were informed of the study and agreed to participate. The

exclusion criteria included the following: (a) patients in a

coma; (b) patients in sedation and analgesia; (c) patients with

abnormal craniofacial deformity; (d) patients whose face was

covered for treatment, such as wearing a phototherapy eye

mask, a helmet for nasal oxygen tube fixation, and tracheal

intubation; (e) patients who were critically ill and needed

immediate rescue.
2.2 Measures

2.2.1 Video recording
The video recordings for this investigation were performed in

the NICU of the Affiliated Hospital of Zunyi Medical University,

a class-A tertiary facility with 2,860 patient beds and 4,352 staff.

The hospitals with that grade are the top tier in the Chinese

hospital classification system, known for their comprehensive

healthcare services, advanced medical equipment, and high-

quality medical staff. The current study venue served as the

primary critical care facility for neonates in Guizhou Province

and Zunyi City. The neonatal department comprises 120 beds

and serves more than 3,000 patients each year.

When neonates undergo painful procedures, the environment

is noisy, and the assessor cannot fully focus on observing

neonatal pain, which result in bias in pain assessment. Video

recording was used in the present study, which allowed the

assessor to repeatedly view the videos and carefully observe the

pain status of the neonates prior to making a final judgment.

The following steps were required before video recording. First,

data collection was carried out every morning after the nurses

completed their nursing practices, such as feeding, changing

diapers, and morning care, and placed the neonates in a

comfortable state to ensure the absence of interference from

other uncomfortable events. Second, prior to conducting painful

medical procedures, the incubator was adjusted to appropriate

temperature and humidity, and the neonates’ whole body was

exposed. Third, the neonates’ heads were adjusted and fixed to

ensure that the face, body, and limbs can be photographed from

the front. The neonates were in a calm state before their

operation. Finally, the nurses ensured that the blood oxygen

saturation probe was fixed and that the heart rate and blood

oxygen saturation were normal.

A hand-held video camera was used to film the whole body of

the neonates at a top-down angle and record the neonates’

responses to pain. Recording was conducted from 2 min before

to 2 min after the painful medical procedure.
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2.2.2 Data collection involving contextual factors
Our research team previously established a neonatal pain-

response variable set, which was used in literature review, panel

meeting, and Delphi studies to reach consensus on contextual

factors that may affect neonatal pain response (37). Therefore,

based on this variable set, this study collected the contextual

factor data of neonates, including their gender, GA, birth weight,

length of hospital stay, delivery mode, postnatal age, type of

painful procedure, and Apgar scores at 1 min after birth. The

Apgar scores at 5 min after birth were excluded from the analysis

due to the ceiling effect (approaching a mean score of 10) and

their alteration with suitable clinical interventions (in cases of

low Apgar scores at 1 min).

2.2.3 Pain assessment
2.2.3.1 Pain response assessment tool
In this study, the NIPS was used to assess the neonatal pain

responses. This scale was developed by Professor Lawrence’s

team in Canada for the evaluation of acute irritant pain in

neonates (38). The NIPS comprehensively assesses the pain status

of neonates in terms of facial expressions, crying, breathing

patterns, upper and lower limb movements, and wakefulness.

Except for the crying index, which is divided into three grades

(0–3 points), the other indicators comprised two grades (0–2

points). The total pain score is determined by summing all the

scores. Scores of 0–2, 3–4, and 5–7 indicate little or no pain,

moderate pain, and severe pain, respectively. The scale has been

tested in neonatal populations in China, Brazil, Thailand, and

other countries (39–41). It shows good reliability and validity

and is easy to understand and use. In neonatal pain management

guidelines and expert consensus developed by neonatal

associations in the United States, Canada, and China, the NIPS is

listed as a recommended assessment tool (5, 42, 43). Thus, in the

present study, this scale was used as the gold standard for the

assessment of the overall neonatal pain responses.

2.2.3.2 Assessor training
Training on the use of the NIPS was carried out through previous

clinical observations of neonatal pain responses, an interpretation

of related guidelines for neonatal pain management, and

evaluation tools for neonatal pain. Two nurses from the NICU

were trained, and after training, they independently evaluated 20

randomly selected pain videos of neonates on the spot. After one

week, these evaluators conducted another independent evaluation.

Inter- and intragroup assessment consistencies were calculated to

achieve a satisfactory agreement before data collection.

2.2.3.3 Assessment methods
After daily video recording, the two nurses repeatedly watched the

pain videos and independently assessed the pain of each neonate

using the NIPS scale. The data they obtained were compared. In

the case of any disagreement, the nurses returned to the original

videos to discuss and decide the pain score together.

2.2.3.4 Evaluation of consistency
Several nursing assessors performed the participants’ pain

assessments in clinical settings. For consistency, intergroup
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consistency, which refers to the agreement on the pain assessment

of a participant between two assessors, and intragroup consistency,

which refers to the agreement on the pain assessment of the same

neonate twice by an assessor one week apart, was used prior to data

collection. The intraclass correlation coefficient (ICC) was used to

compute the coefficients of inter- and intragroup assessment

consistency of the assessors. The ICC values indicate the

consistency of the results: ICC > 0.75 indicates a high

consistency; ICC = 0.4–0.75 denotes a good consistency; ICC < 0.4

implies a poor consistency.
2.3.2 Statistical analysis
SPSS 26.0 was used in data analysis. The measurement data

were represented by mean with standard deviation (SD) for

normal distribution and by median [Q1–Q3] for nonnormally

distributed variables. Count data were expressed as frequency (n)

and percentage (%).

Univariate linear regression was performed to analyze the

relationship between contextual factors and neonatal pain scores.

Conservatively, multiple linear regression analysis was conducted

on variables with statistically significant differences (p < 0.2) (44),

with p < 0.05 as the standard significant value used to indicate

independent influencing factors of neonatal pain responses.
2.4 Ethical approval

The ethical review received approval from the Biomedical

Research Ethics Committee of the Affiliated Hospital of Zunyi

Medical University (KLLY-2021-048). The registration was

completed at the Chinese Clinical Trial Registry

(ChiCTR2300074086). The content and purpose of the study

were explained to the guardians of all participants, who provided

informed consent.
3 Results

3.1 Consistency test

The two trained assessors used the NIPS to conduct

independent evaluation of 20 randomly selected pain videos. The

ICC of intergroup consistency was 0.889. Using the NIPS,

assessors 1 and 2 independently rated the 20 videos again after

one week. The ICCs of the intragroup consistency reached 0.903

and 0.898 (Table 1). All the ICC values were higher than 0.75,

which implies satisfactory inter- and intragroup consistencies.
TABLE 1 Consistency of NIPS scores between the two evaluators.

Item ICC correlation

Consistency between two evaluators 0.889

Intragroup consistency of evaluator 1 (after 1 week) 0.903

Intragroup consistency of evaluator 2 (after 1 week) 0.898
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3.2 Demographics and associated factors

3.2.1 Demographic information
A total of 209 neonatal pain videos were collected. Eleven poor-

quality videos (e.g., facial reflection, body occlusion, blood oxygen

probe falling off, etc.) were removed because of their possible effect

on the accuracy of the results. A total of 198 videos were retained

for analysis.

The 198 neonates had a mean GA of 254 (range of 237–272)

days. The neonates included 100 males (50.5%) and 98 females

(49.5%). A total of 54 neonates (27.3%) were delivered vaginally

and 144 (72.7%) through cesarean section. The median length of

hospital stay was 6 (range = 4–11) days. The median age after

birth was 7.5 (range = 4–12.25) days. About 80.3% of the

neonates suffered from complications. Blood was collected from

heel sticks and fingertips of 77 (38.9%) and 76 (38.4%) neonates,

respectively. These blood collection procedures were the most

common types of painful medical procedures in this study. Blood

was drawn from the brachial artery and femoral vein in 6 (3.0%)

and 3 (1.5%) neonates, respectively. Among the remaining

neonates, 11 (5.6%) received intravenous indwelling needle

punctures, and 25 (12.6%) received radial artery draws. Table 2

shows the general information on the neonates.
3.2.2 Univariate and multiple linear regression
analysis

Univariate linear regression analysis was performed to

determine the association among the eight contextual factors and

pain scores. Days after birth, types of painful operation, Apgar

score at 1 min after birth, and GA were associated with the

neonatal pain scores at a significant value of 0.2. The results are

shown in Table 3.

Multiple linear regression analysis was then performed to

investigate the independent influencing factors of neonatal pain

responses. The results indicate that the Apgar score at 1 min

after birth (β = 0.272, p < 0.001) and GA (β = 0.503, p < 0.001)

were the only independent factors associated with neonatal pain

responses (Table 4).
4 Discussion

The transduction of noxious stimuli into pain experiences is

influenced by individual physiology, personal history, and social

context (45). Despite growing discussions on the importance of

contextual factors in neonatal pain responses, existing studies

yield inconsistent results. In this work, we analyzed eight
coefficient 95% confidence interval

Lower limit Upper limit
0.719 0.959

0.756 0.962

0.743 0.960
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TABLE 2 Demographic information (N = 198).

Characteristic Specific content Mean ± SD/median [Q1– Q3] Number (n) Percent (%)
Sex Male 100 50.50

Length of stay 6 [4–11]

Delivery mode Vaginal delivery 54 27.30

GA (days) 254 [237–272]

Postnatal age 7.5 [4–12.25]

Birth weight (kilogram) 2.51 ± 0.81

Apgar score at 1 min after birth 10 [9–10]

Type of painful procedures Heel stick 77 38.90

Fingertip blood collection 76 38.40

Intravenous indwelling needle puncture 11 5.60

Radial artery draw 25 12.60

Brachial artery draw 6 3.00

Femoral vein draw 3 1.50

Complications Yes 159 80.30

Disease diagnosis Neonatal respiratory distress syndrome 40 11.70

Neonatal pneumonia 128 37.50

Hypoxic–ischemic myocardial damage 3 0.90

Premature infant 105 30.80

Neonatal hyperbilirubinemia 14 4.10

Neonatal ABO hemolytic jaundice 4 1.20

Neonatal hypoglycemia 31 9.10

Neonatal necrotizing enterocolitis 1 0.30

Metabolic acidosis 2 0.60

Neonatal anemia 3 0.90

Neonatal septicemia 4 1.20

Neonatal thrombocytopenic purpura 6 1.70

TABLE 3 Univariate linear regression analysis of contextual factors and neonatal pain scores.

Predictors Unstandardized coefficient Standardized coefficient t P

B Standard error β
Length of stay −0.015 0.018 −0.062 −0.869 0.386

Delivery mode −0.169 0.244 −0.049 −0.692 0.490

Days after birth −0.021 0.015 −0.100 −1.405 0.162

Birth weight (kg) 0.027 0.134 0.014 0.202 0.840

Type of painful procedures 0.294 0.088 0.233 3.348 0.001

Sex 0.042 0.218 0.014 0.193 0.847

Apgar score at 1 min after birth 0.309 0.054 0.378 5.709 <0.001

GA 0.046 0.005 0.584 10.081 <0.001

TABLE 4 Multiple linear regression analysis of neonatal pain response variables.

Predictors Unstandardized coefficient Standardized coefficient t P

B Standard error β
Constant quantity −7.855 1.154 −6.806 <0.001

Days after birth 0.016 0.012 0.076 1.318 0.189

Type of painful procedures 0.142 0.073 0.112 1.955 0.052

Apgar score at 1 min after birth 0.222 0.047 0.272 4.683 <0.001

GA 0.039 0.005 0.503 8.346 <0.001
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contextual factors among 198 neonates. Univariate and multivariate

analyses revealed the considerable effect of the Apgar scores at

1 min, along with GA, on neonatal pain scores and responses.

In this study, neonates with greater GA were more responsive

to pain, which is consistent with the findings of most research
Frontiers in Pediatrics 05
(18, 28, 46). Neonates with younger GA exhibited less

pronounced pain responses, but this finding does not necessarily

indicate that they experienced less pain. Clinical studies have

reported that preterm neonates may fail to engage behavior-

related networks due to immature cortical connectivity (47).
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Preterm infants exhibit poorer central nervous system

development, weaker muscle strength (20), and a limited ability

to express pain through behavior compared with term and post

term infants (48). However, some studies have found that GA

showed no statistically significant effect on neonatal pain scores.

A study that used the Neonatal Facial Coding System as a

measurement tool included 50 neonates with very low GA (<28

weeks) found no difference in pain the responses between

neonates aged 23–25 weeks and those aged 26–28 weeks (22).

Another study that used the Douleur Aiguě du Nouveau-né

(DAN), which included 42 preterm and term infants, revealed no

statistically significant effect of GA on neonatal pain scores (23).

The heterogeneity of these findings may be attributed to

differences in the study populations and the varying sensitivities

of pain assessment tools to various types of pain responses. In

extremely preterm infants (GA < 32 weeks), pain responses are

primarily mediated by spinal reflex withdrawal (withdrawal

reflex) rather than cortical processing (7). Given the

underdevelopment of the cortical areas at this stage, specific

brain activity following nociceptive stimuli is difficult to detect,

and pain responses are commonly characterized by exaggerated

withdrawal reflexes and extensive body movements (49).

Therefore, pain assessment tools that primarily rely on facial

expression indicators, such as the Neonatal Facial Coding System,

or those that place greater emphasis on facial expressions within

their scoring systems, such as the DAN scale, may struggle in

comprehensively reflecting the diversity of pain responses in

this population.

Consistent with other studies (21, 29, 50), we observed a

positive correlation between the 1 min Apgar score and neonatal

pain response. However, some researches have reported

inconsistent results. Although a longitudinal study found no

significant correlation between Apgar and NIPS scores in

preterm infants, the significant increases in the NIPS scores with

postmenstrual age of infants under multiple heel stick procedures

indicated that younger or sicker infants displayed less robust pain

response behaviors (51). Conversely, another study reported a

negative correlation between the 1 min Apgar and the Bernese

pain scale (BPSN) pain scores of preterm infants (12). These

conflicting results may be due to differences in the pain

responses of preterm infant. Morison et al. (29) reported that

infants with low Apgar scores showed significantly increased

body movement signals (such as limb extension assessed by

Developmental Care and Assessment Program) after heel lance,

whereas facial responses (measured by Neonatal Facial Coding

System) were weaker. From a neurophysiological perspective,

repeated pain stimuli can trigger the “wind-up” phenomenon in

spinal dorsal horn cells, which amplifies reflexive motor

responses. By contrast, low Apgar scores (which are possibly

associated with perinatal hypoxia and central inhibition, such as

cortical dysfunction) may reduce the transmission of pain signals

to facial expressions, which leads to discrepancies in study findings.

The emphasis on different dimensions of pain response in scale

items may affect the generalizability of research findings. The

neurophysiological maturity of infants and pain expression

pathways (spinal reflex vs. cortical integration) exhibit significant
Frontiers in Pediatrics 06
heterogeneity across different GAs, 1 min Apgar scores, and

other clinical conditions (7, 49, 52). Therefore, the validity and

accuracy of pain assessment tools showed a close linkage to their

contextual adaptability. Currently, no single scale can be ideally

applied to all types of pain or neonatal contexts. Particularly,

under the influence of contextual factors, the expression and

intensity of pain may vary. Although GA has been incorporated

into various pain assessment tools (53–55), the extent of the

effect of contextual factors on pain response remains to be

further explored. In this study, we identified independent factors

influencing neonatal pain responses through the analysis of

extensive clinical data, and the results provide a basis for the

future development of pain assessment tools and management

strategies. Effective integration of these background factors into

scale design and reasonable adjustment of the weight of various

dimensions can facilitate accurate neonatal pain assessment.
4.1 Limitations

This study encountered some limitations. First, we performed data

collection utilizing convenience sampling at a class-A tertiary hospital,

where patients typically present with more intricate or severe diseases

than those at smaller hospitals, hence constraining the generalizability

of the sample. In addition, variations in clinical devices/equipment for

painful procedures, differences in neonatal intensive care settings (e.g.,

noise, temperature, lighting, etc.), and the individual techniques of

nurses performing procedures (e.g., heel sticks) possibly influenced

the neonates’ pain responses. In the future, multicenter studies may

be undertaken at hospitals of differing grades/classes to enhance

sample diversity and yield more generalizable results. Should the

sample size be sufficiently high, subgroup analysis of infants with

certain disorders, such as prematurity, will be crucial to distinguish

and contextualize the pain response.
5 Conclusion

Neonatal pain responses are under the influence of contextual

factors. The results of this study indicate that GA and the Apgar

score at 1 min postdelivery are significantly associated factors of

neonatal pain responses. The findings underscore the necessity of

accounting for these factors in neonatal pain evaluation and

emphasize the relevance of a holistic approach that amalgamates

contextual data to enhance pain assessment in neonates. Further

study is required to ascertain trustworthy parameters that can be

integrated into neonatal pain evaluation and therapy protocols.
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