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Abstract

Background: Prisoners in low- and middle-income countries are vulnerable to poor lung health from multiple
adverse conditions confronted within the prison such as overcrowding, poor ventilation and exposure to second
hand smoke. Evidence for poor lung health in this disadvantaged group is needed to inform policy on prison condi-
tions in this region. We assessed the respiratory symptoms and lung function measured by spirometry among prison-
ers in Enugu, Nigeria and explored the associations between them.

Methods: This was a cross-sectional study among prison inmates aged 16-76 years. We assessed frequency of res-
piratory symptoms in the preceding one-year, previous respiratory diagnosis, tobacco smoking status and spirometry.
The relationships between respiratory symptoms, smoking status and spirometry pattern were determined using the
Chi-square test.

Results: Of 245 participants, 170 (69.4%) reported at least one respiratory symptom. In all, 214 (87.3%) performed
spirometry and 173 (80.8%) had good quality spirometry tests. Using the Global Lung Function Initiative (GLI) pre-
dicted values for ‘African Americans, spirometry results were abnormal in 41 (23.7%) of the participants and when
the GLI reference values for ‘Other’ ethnic groups was applied, 78 (45.1%) had abnormal results. Restrictive impair-
ment was most common occurring in 21 (12.1%) and 59 (34.1%) respectively based on the two reference values, and
obstructive pattern was found in 18 (10.4%) and 13 (7.5%) respectively. There was no significant association between
abnormal spirometry pattern and presence of respiratory symptoms or smoking status. No previous diagnosis for
asthma, or bronchitis/chronic obstructive pulmonary disease (COPD) had been made in any of the participants.

Conclusions: We reported high rates of respiratory symptoms and abnormal lung function with under-diagnosis of
chronic respiratory diseases among inmates in Enugu prison. The restrictive abnormalities based on GLI equations
remain unexplained. There is need for improvement in prison facilities that promote lung health and enhanced access
to diagnosis and treatment of respiratory non-communicable disease.
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Introduction
Prison inmates are at high risk of disease from multi-
. ple colliding adverse conditions that exist in prisons.
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The risks are worse for prisoners in low- and middle-
income (LMIC) countries where prison conditions are
often more deplorable and many prisoners already face
adverse health impacts of poverty.

Prison conditions have been reported to increase the
risk of respiratory diseases such as tuberculosis (TB) [3,
5, 5, 6], but there is limited data on the burden of non-
communicable respiratory diseases among inmates.
Poor indoor air quality in prisons has been docu-
mented, and this potentially increases the risk of NCD
such as asthma, chronic obstructive pulmonary disease,
lung cancer and low lung function [2, 7-9]. High fre-
quency of indoor tobacco smoking among inmates cou-
pled with poor ventilation and limited opportunities for
outdoor activities also potentially increase the risk of
exposure to indoor air pollution and its adverse health
outcomes [2, 8, 10].

Poor air quality has been reported in the Nigerian
prison in which this present study is situated, with very
high levels (71.03441.09 pg/m3, 89.004+49.66 ug/m3,
and 107.40 £ 61.86 pg/m?) of particulate matters of aero-
dynamic diameter 1 pm (PM;), 2.5 um (PM, ;) and 10 pm
(PM,,) respectively [2]. Levels of total volatile organic
compounds (TOVCs) 0.79+£0.37 mg/m3 and formalde-
hyde (HCHO) 0.2040.07 mg/m?> were also higher than
maximum allowable air concentration standards, espe-
cially in the highly congested cells where inmates smoked
tobacco [2]. Increased indoor levels of other air pollut-
ants such as fungal spores which could also lead to res-
piratory disease have also been reported in other prisons
in the United States [11].

There are limited reports of respiratory symptoms
among inmates which could be linked to poor indoor air
quality. In a Nigerian prison, frequent cough and catarrh
was reported in nearly 70% of the inmates and there are
currently no reports of lung function measures among
inmates from Nigeria [3]. However, spirometry diag-
nosed chronic obstructive pulmonary disease (COPD)
was reported in up to 20% of inmates in Bolvadin closed
and open prison, in Turkey [7]. To drive policy for
improvement in prison conditions, substantial evidence
of adverse impact of the harsh conditions is needed. This
need is even more profound in a LMIC such as Nigeria
where the inmates are exposed to overcrowded and pol-
luted indoor spaces with limited access to healthcare ser-
vices [2, 6, 12].

In this study, we aimed to assess the prevalence of
respiratory symptoms, and lung function measured by
spirometry among inmates in a Nigerian prison with
previously documented high levels of poor indoor air
quality. We also explored the association between lung
function, respiratory symptoms and socio-demographic
characteristics.
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Methods

Study area

We conducted a cross-sectional study from Octo-
ber, 2019 to February, 2020 among inmates at Enugu
prison. Enugu prison is a maximum-security prison built
102 years ago. It is one of the oldest prisons in Nigeria
and was originally designed for 638 inmates but currently
holds 2044 inmates. Enugu is the administrative capital
of Enugu State, South-Eastern Nigeria with a population
of 722,000 [13], and density estimate of 6,400/km?. The
prison is located within the metropolis around the major
hub of economic and commercial activities.

Study participants

Study population consisted of adolescent and adult
men and women aged 16-76 years old who were crime
suspects (awaiting trial) or convicts at the prison. We
included participants who had been inmates for a least
1 year and provided informed consent to participate. We
excluded those who had relative or absolute contrain-
dications to spirometry including current respiratory
infection such as tuberculosis, decompensated cardiac or
other chronic disease, kyphoscoliosis, and recent surgery
within 3 weeks. We also excluded mentally ill inmates.
We employed the consecutive sampling method in the
index study. Participants were consecutively recruited
from each of the cells until the estimated sample size was
achieved.

Sample size estimation

In a finite population of 2044 prison inmates, where
the outcome variable is the proportion of inmates with
abnormal spirometry, the following parameters were used
for sample size calculation: Proportion with spirometry-
diagnosed COPD from a previous study [7], estimated at
(20%); at 95% of confidence level, and 5% accuracy level.
A sample size of 221 was calculated but we recruited 245
inmates to accommodate for an expected 10% who may
not perform good quality spirometry.

Data collection

Questionnaire administration

A trained interviewer used a standard proforma to
obtain socio-demographic information during a face
to face encounter within the prison facility but out-
side the cell. Information obtained included the age,
gender, prison status (e.g. awaiting trial, condemned,
or asylum), and duration of incarceration. We used a
modified version of the validated International Multi-
disciplinary Programme to Address Lung Health and
TB in Africa (IMPALA) respiratory symptom and life
exposure questionnaires to obtain information on res-
piratory symptoms (occurrence, type and frequency of
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respiratory symptoms in the previous one year), smok-
ing history and exposure to air pollution, respectively
[14]. The IMPALA questionnaires were developed by
the strategic multi-disciplinary partnership of paedi-
atric and adult lung health investigators from Benin,
Cameroon, Ethiopia, Ghana, Kenya, Malawi, Nigeria,
South Africa, Sudan, Tanzania and Uganda in partner-
ship with lay in-country representatives following a rig-
orous process out of a perceived need for a validated
context-sensitive tool tailored to the African context for
accurately estimating the prevalence and risk factors of
NCD. These questionnaires have been previously vali-
dated following initial pilot studies in Malawi, and were
found reliable for assessing respiratory symptoms and
exposures among Africans. Although the question-
naires were designed for assessing the impact of indoor
air pollution in the home environment from cooking,
heating and lighting sources; and life time exposure
to outdoor smoke and fumes on respiratory disease
burden, we modified it for the prison study by exclud-
ing aspects such as use of cooking fuels and lighting
sources that did not apply to the situation in the prison.

The impala questionnaires are written in English which
is the official language of communication in Nigeria and
most people in Nigeria can speak English at least the
‘broken English’ otherwise known as ‘pidgin English! The
questionnaires were administered to all participants by
one of the investigators who paraphrased the questions
in a consistent manner for those who did not understand
standard English. The respiratory symptoms that were
assessed included cough, catarrh, phlegm, shortness
of breath, wheeze, and haemoptysis. History of weight
loss, and previous diagnosis of tuberculosis, bronchitis/
COPD, asthma, allergic rhinitis, and heart disease were
obtained. Exposure to indoor and outdoor smoke, and
smoking status was documented.

We categorized the symptoms on the TMPALA’ ques-
tionnaire into:

‘Cough’: recurrent morning, daytime or night cough
during cold weather (with increased severity if it
occurred on most days for as long as three months each
year).

‘Phlegm’: recurrent morning, daytime or nighttime
sputum production during cold weather (or sputum that
is difficult to bring up when you don’t have a cold) with
increased severity if it occurred on most days for as long
as three months each year.

‘Shortness of Breath (SOB)’: breathlessness on leaving
the room, on dressing or undressing, or when hurrying
on level ground or a slight hill (with increasing severity
based on additional symptoms such as getting short of
breath when walking with other people of same age or if
has to stop for breath when walking at own pace).
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‘Wheeze” whistling in the chest in the past 12 months
triggered by a dusty or smoky environment (with increas-
ing severity as to limit speech to only one or two words a
time between breaths).

‘Night sweats" sweating more than usual for the heat at
night in the last 4 weeks.

‘Catarrh™ was defined as mucus accumulation in the
nose, throat or sinuses. It is also referred to as ‘post nasal
drip’

Any Respiratory Symptom’: presence of any of the
above respiratory symptoms.

‘Previous respiratory diagnosis Diagnosis made by a
doctor or other health care provider for any of the follow-
ing disease conditions- tuberculosis, Bronchitis/COPD,
asthma, and allergic rhinitis, and heart disease.

We categorized their smoking status as follows [15]:

‘Current smokers”: defined as those who smoked for at
least 1 month and who continued to smoke.

‘Former smokers”: defined as those who had quit smok-
ing at least one month before the study.

‘Non-smokers”: those who never smoked in their
life-time.

We also categorized other exposures as follows:

Non-Occupational: breathing in vapours, dusts, gases
or fumes for more than 15 h per week while in or outside
the cell.

‘Exposure to aerosols or sprays within the prison cell’:
breathing in insecticide, deodorant, cleaning spray and
any other aerosol within the prison cell.

‘Exposure to refuse burn’: breathing in of smoke from
burning of refuse (waste and rubbish) outside the cell or
prison environment.

Anthropometric measurements.

Height and weight were measured using the standard
protocols recommended by the World Health Organisa-
tion (WHO) [16]; and the body mass index (BMI) was
calculated using the formula: Weight (Kg)/square of
Height in meters (m?).

Spirometry

Lung function parameters: FEV,, FVC, FEV,/FVC ratio
(FEV,%), were measured on eligible participants using
the ndd EasyOne® spirometer (ndd Medical Technolo-
gies, Andover, Massachusetts, USA), following the Amer-
ican Thoracic Society and European Respiratory Society
(ATS/ ERS) guidelines [17, 18]. The spirometry proce-
dure was performed in the prison clinic area by one of the
investigators who holds a Pan African Thoracic Society
(PATS) certificate of competence in spirometry. A mini-
mum of three and a maximum of eight FVC maneuvers
were performed by each participant; and the best trial of
three acceptable and repeatable tests was recorded.All
tests results were individually checked and independently
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verified for quality according to the ATS/ERS accept-
ability, repeatability, and usability criteria. Only accept-
able pre-bronchodilator tests were included for analysis.
Standard measures for infection prevention and control
were strictly adhered to during the spirometry procedure
through handwashing and use of alcohol-based hand
sanitizers (containing at least 70% alcohol) by each par-
ticipant and the investigator before contact. Disposable,
in-line filters and mouth pieces were also used for each
participant and handled by the participants after use. The
tests were conducted prior to the COVID-19 pandemic
so additional protection such as face masks and shields
were not used. All disposable items were carefully dis-
posed of at the end of each testing session and spirometer
wiped down.

We utilized the Global Lung Function Initiative (GLI)
reference equation for ‘African Americans’ to determine
spirometry pattern [19]. Lung function abnormalities
were defined using the Lambda-mu-sigma (LMS) derived
lower limit of normal (LLN;) of zFEV, /FVC at -1.64
(21). We also compared frequencies of spirometry pat-
terns using the African American reference with results
obtained using reference values for ‘Other’ ethnic group
for robustness of results.

The results of the spirometry test were interpreted as
follows [20]:

Obstructive ventilatory pattern—FEV,/FVC<LLN;
with FVC>LLN

Restrictive ventilatory pattern—FEV,;/FVC > LLN; with
FVC<LLN and

Mixed  obstructive-restrictive
FVC<LLN with FVC<LLN

Normal- FEV,;/FVC > LLN; with FVC> LLN.

The presence of any of the abnormal patterns was con-
sidered as Abnormal Spirometry’.

The severity of impairment based on FEV; and FVC
respectively was further categorized using the z-scores as
proposed by Quanjer et al. [22] as follows:

Mild: z-score > -2

Moderate: -2.5 to <-2

Moderately severe: -3 to <-2.

Severe: -4 to<-3.

Very severe: z-score < -4.

pattern-  FEV,/

Statistical analysis

The Kolmogorov—Smirnov test was used to determine
the normality of variables. Discrete variables (clinical
symptoms, lung function impairment and smoking sta-
tus) were presented as frequencies, and percentages.
Continuous variables (lung function values, weight,
height, BMI) were expressed as means =+ standard devia-
tion. Variables that assumed non-Gaussian distribution
(age) was expressed as median and interquartile range.
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Chi-square test or Fisher’s exact test were applicable was
used to for difference between in relation to smoking sta-
tus, presence and frequency of respiratory symptoms,
and abnormal spirometry pattern as well as to test for
association between variable (smoking status, presence
of respiratory symptoms, and lung function abnormal-
ity). Statistical analyses were performed using the statisti-
cal package for the social sciences (SPSS) version 21 (IBM
SPSS Inc., Chicago, IL, USA). Statistical significance was
set at p<0.05.

Results

The prison had a total population of 2044 inmates (1998
males and 46 females). Only, 245 participants (223 males
and 22 females) were enrolled for the study; male: female
ratio 10.1:1. Of these, 214 (197 males and 17 females)
performed spirometry giving a completion rate of 87.3%.
The process of enrolment is depicted in Fig. 1.

Participant’s characteristics

The basic characteristics of the 245 study participants are
shown Table 1. The participants were aged 16 years to
76 years old; median age was 29 (IQR 60) years. Majority
of them 164 (66.9%) had normal body mass index (BMI),
and 58 (23.7%) were overweight; mean BMI (SD)=23.6
(3.7) kg/m>.

The mean (SD) duration of incarceration was 31.3
(18.2) months. In all, 158 (64.5%) were current tobacco
smokers; 22 (9.0%) were former smokers; 65 (26.5%)
had no smoking history. However, all participants were
exposed to passive smoke as those who smoked did so
inside the cells.

Respiratory symptoms

Among 245 inmates, 170 (69.4%) had Any Respiratory
Symptom’. The reported symptoms (in descending order
of frequency) were: ‘Cough’ 170 (69.4%), ‘Catarrh’ 170
(69.4%), ‘Phlegm’ 166 (67.8%), SOB’ 2 (0.8%) during the
day or night in cold weather respectively.

One hundred and thirty eighty (81.2%) of those who
experienced any respiratory symptoms had symptoms
about once or twice per year; 14 (8.2%) and 18 (10.6%)
respectively had symptoms three to six times per year
and more than six times per year, each lasting between
one to two weeks, Table 1.

The basic characteristics of the participants with good
and poor quality spirometry respectively were also com-
pared; Supplementary Table 1. The frequency of respira-
tory symptoms as well as smoking habits did not differ
between those with good quality spirometry and those
with poor quality.
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Excluded (n= 31)
(26 males; 5 females)
Reason for exclusion

- Refused to do spirometry

(lacked strength for the

procedure)

Excluded (n= 41)
(36 ales; 5 females)

Reason for exclusion

Poor quality
spirometry results

Fig. 1 Screening and enrolment of participants

Potentially Nioe -
eligible SEe e
(N=2044) (n=1799)

(223 males; 22 females)

Number enrolled

(n= 245)

Performed Spirometry
(n=214)

Good spirometry results
(n=173)

(161 males; 12 females)

Frequency of respiratory symptoms in relation to smoking

status

Smokers 115/158 (72.8%) had more respiratory symp-
toms compared to non-smokers 41/65 (63.1%), Table 2.
There was no significant association between smok-
ing status and occurrence of respiratory symptoms in
males, p =0.494; and females, p =0.752.

Previous respiratory conditions

Sixteen (6.5%) had a history suggestive of allergic rhi-
nitis. One inmate had previous tuberculosis; while one
had self-reported cough and wheeze. None of the par-
ticipants had been diagnosed for bronchitis/chronic
obstructive pulmonary disease (COPD).

Spirometry pattern and severity of impairment
Table 3 shows the mean=+ SD of lung function param-
eters FEV, (3.1+£0.7 L); FVC (3.94£0.8 L); and FEV,/

FVC ratio (80.3+6.6) for 173 participants with accept-
able spirometry respectively.

We compared the frequencies of spirometry patterns
using the GLI ‘African American’ reference values with
those of ‘Other’ ethnic groups, Table 4. We observed a
significant difference in frequencies of various spirom-
etry patterns.

Using the African American reference values, spirom-
etry results were normal in 132 (76.3%) of participants
while 41 (23.7%) had abnormal spirometry results.
When the reference values for ‘Other’ ethnic groups was
applied, 95 (54.9%) participants had normal spirometry
while 78 (45.1%) had abnormal results.

Restrictive spirometry impairments occurred in 21
(12.1%) and 59 (34.1%) of participants respectively based
on reference values for African Americans and ‘Other’
ethnic groups respectively. Obstructive impairment
occurred in 18 (10.4%) based on African American values
and 13 (7.5%) based on reference values for ‘Other’ ethnic
groups.
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Table 1 Socio-demographic characteristics of 245 participants
Characteristic All participants Male Female
N=245 N=223 N=22
n (%) n (%) n (%)
Median age (IQR) in years 29 (60) 29 (60) 31.5(39)
Age group
16-25 76 (31.0) 71(31.8) 5(22.7)
36-45 98 (40.0) 88 (39.5) 10 (45.5)
46-55 42(17.1) 400179 2(9.1)
56-65 21(8.6) 16 (7.2) 5(227)
>65 8(3.3) 8(3.6) 0(0)
Mean = SD BMI in kg/m? 236437 235435 250+£5.1
BMI Category ( kg/m?)
Underweight (< 18.5) 7(2.9) 522 2(9.1)
Normal (> 185 and < 25) 164 (66.9) 156 (70.0) 8 (36.4)
Overweight (25-29.9) 58 (23.7) 49 (22.0) 9 (40.9)
Obesity > 30 16 (6.5) 13(5.8) 3(13.6)
Mean = SD duration of stay (months) 3134182 3234182 2084143
Smoking status
Current tobacco smoker 158 (64.5) 155 (69.5) 3(13.6)
Former smoker 22 (9.0 22(9.9) 0(0)
None smoker 65 (26.5) 46 (20.6) 19 (66.4)
Respiratory symptoms present
Yes 170 (69.4) 155 (69.5) 15 (68.2)
No 75 (30.6) 68 (30.5) 7(31.8)
Frequency of respiratory symptoms
1-2 per year 138 (81.2) 126 (81.3) 12 (80.0)
3-6 per year 14 (8.2) 9.0) 0(0)
>6 per year 18 (10.6) 15 (9.7) 3(20)
BMI=Body Mass Index; SD = Standard deviation
Table 2 Frequency of Respiratory Symptoms in relation to Smoking Status among 245 participants
Gender Smoking status None 1-2 3-6 >6 p value*
n (%) n (%) n (%) n (%)
Male Current smoker 42 (27.1) 94 (60.6) 10 (6.5) 9(5.8) 0494
Former smoker 8 (36.4) 10 (45.5) 1(4.5) 3(13.6)
None smoker 18 (39.1) 22 (47.8) 3(6.5) 3(6.5)
Female Current smoker 1(33.3) 2 (66.7) 0(0) 0(0) 0.752
Former smoker 0(0) 0(0) 0(0) 0(0)
None smoker 6(31.6) 10 (52.6) 0(0) 3(15.8)
All participants Current smoker 43 (27.2) 96 (60.8) 10 (6.3) 9(5.7) 0.463
Former smoker 8(36.4) 10 (45.5) 1(4.5) 3(13.6)
None smoker 24 (36.9) 32(49.2) 3(4.6) 6(9.2)

" Fisher's exact test

Grading of impairment
Based on the zFEV1 score, severity of lung function
impairment were classified as follows: mild 18 (10.4%);

moderate 11 (6.4%); moderately severe 5 (2.9%); and
severe 3 (1.7%) respectively.

When based on the zFVC score, 13 (7.5%), 5 (2.9%),
4 (2.3%), 1 (0.6%) and 1 (0.6%) of participants had mild,
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Table 3 Mean lung function values in 173 participants
Variable Mean (SD)

FEV, (litres) zFEV, (litres) FVC (litres) ZFVC (litres) FEV,/FVC zFEV,/FVC
Males, n=161 32+06 -08+-1.0 40£0.7 -05£09 804+6.5 -054+09
Females,n=12 20+04 -1.8£10 25+04 -15+£10 79.2+9.1 -0.7+£1.1
All participants, N= 3.1+£07 -08+1.0 39+08 -06£1.0 80366 -054+09

Table 4 Lung function pattern classified by GLI'African American’and ‘Other’reference values

GLI reference for African Americans

GLI reference for ‘Other ethnic groups’

Spirometry pattern All participants Males Females All participants Male Female

N=173 (%) n=161 (%) =12 (%) N=173 (%) n=161 (%) 2 (%)
Normal 132 (76.3) 126 (78.2) 6 (50.0) 95 (54.9) 92 (57.1) 3 (25 0)
Obstructive 18(10.4) 15(9.3) 3(25) 13(7.5) 12 (7.5) 1(8.3)
Restrictive 21(12.1) 18(11.2) 3(25) 59 (34.1) 52(32.3) 7 (583)
Mixed 2(1.2) 2(1.2) 0(0) 6(3.5) 5(3.1) 1(8.3)
Table 5 Relationship  between  spirometry pattern  and  Discussion

respiratory symptom

Gender Spirometry pattern Respiratory p value*
symptom
Present Absent
n (%) n (%)
Male Mixed 2 (100) 0(0)
Obstructive 11(733) 4(26.7) 0274
Restrictive 16(88.9) 2(11.1)
Normal 87 (69.0) 39(31.0)
Female Mixed 0(0) 0(0)
Obstructive 2 (66.7) 1(33.3) 0.513
Restrictive 3(100) 0(0)
Normal 4(66.7) 2(33.3)
All participants  Mixed 2 (100) 0(0)
Obstructive 13(72.2) 5(27.8) 0174
Restrictive 19(90.5) 2(9.5)
Normal 91 (68.9) 41 (31.1)

" Fischer’s exact test

moderate, moderately severe, severe and very severe
impairment respectively.

Relationship between spirometry pattern, respiratory
symptoms, and smoking status

There was no significant association between spirom-
etry pattern and presence of respiratory symptoms
(X*=4.970, p=0.174), Table 5; nor between smoking
status and spirometry patterns (X*>=3.145, p=0.790);
Table 6.

There is growing interest in the lung health of Africans
due to recognition of the increasing burden of both
indoor and outdoor air pollution in Sub-saharan Africa
(SSA) [21-23]. Previous studies have focused on commu-
nity dwelling individuals and vulnerable groups such as
prisoners who face multiple drivers of poor lung health
have not been well explored in SSA and indeed globally
[7, 21-24].

The main findings from this present study are a rela-
tively high prevalence of spirometry impairment (23.7%)
and respiratory symptoms (69.4%) among prison inmates
in Enugu. Frequency of restrictive impairment (12.1%)
using the recommended African American reference
equation was modest. Although this study was not
designed to diagnose COPD, 6.4% of participants had
moderate obstruction and none had a previous respira-
tory diagnosis nor on treatment for obstructive lung dis-
ease. There was no association between the presence
of respiratory symptoms and spirometry pattern, nor
between smoking status and spirometry pattern.

Noteworthy is the observed difference in the propor-
tion of spirometry abnormalities using the GLI African
American reference standards (23.7%) compared with
the ‘Others’ standards (45.1%) to characterize spirom-
etry pattern and quantify abnormal spirometry [25].
Similar substantial disparities were reported by Obaseki
et al. [23], in a study of community dwelling adults
in Nigeria using different reference standards. They
reported a prevalence of reduced FVC of 70.4% for men
and 72.8% for women when using NHANES values for
Caucasian Americans which were significantly higher
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Table 6 Relationship between smoking status and spirometry pattern
Gender Smoking status Spirometry pattern p value*
Mixed Obstructive Restrictive Normal
n (%) n (%) n (%) n (%)
Male Current smoker 1(0.9) 11(9.8) 11 (9.8) 89 (79.5) 0.744
Former 0(0) 2(14.3) 1(7.1) 11(78.6)
None smoker 1(2.9) 2(5.7) 6(17.1) 26 (74.3)
Female Current smoker 0(0) 1(33.3) 1(33.3) 1(33.3) 0.801
Former 0(0) 0(0) 0(0) 0(0)
None smoker 0(0) 2(22.2) 2(22.2) 5(55.6)
All participants Current smoker 1(0.9) 12(104) 12 (10.4) 90 (78.3)
Former smoker 0(0) 2(14.3) 1(7.1) 11 (78.6) 0.790
None smoker 1(23) 4(9.0) 8(18.2) 31(70.5)

" Fischer’s exact test

than rates of 17.8% for men and 14.4% for women when
using NHANES equations for African-American or the
GLI equations for ‘black’ persons of 15.5% for men and
20.5% for women. These recognized differences in rates
when different reference standards were applied further
strengthen the need for inclusion of a reference values
for Africans that is derived from a large population of
Africans into the GLI equations. However, arguments on
the need for racial adjustments for lung function are also
emerging and premise on the potential role of socio-eco-
nomic factors that influence lung growth independent of
race [26].

The frequency of abnormal spirometry particularly
the obstructive pattern in this present study is similar to
those reported previously among inmates (8, 29). How-
ever, restrictive impairment is higher than in the general
population. Comparison of our findings using the ‘others’
equation with those of young Nigerian adults and ado-
lescent students in a previous study (that also used the
‘others’ reference equation) demonstrates a higher fre-
quency of restrictive patterns (34.1%) among prisoners
compared to the community dwelling adults (25.4%) [28].
This suggests that perhaps socio-economic and environ-
mental factors including exposure to recognized risk fac-
tors for lung function impairment such as overcrowding,
malnutrition, indoor tobacco smoke and mould which
are pervasive in many prisons may have a role. Reduced
lung function among these prisoners portends increased
risk of future adverse outcomes including mortality and
therefore calls for improvement in prison facilities and
living conditions [24].

The high frequency of respiratory symptom (69.4%)
among prisoners in this study is consistent with previous
findings (68.7%) by Fred & Elvis in the same Enugu prison
in 2019 [3]. The consistency in this finding implies that
poor conditions within the prison have persisted or may

have worsened and brings to the fore the decadence in
prison facilities in Nigeria and the need for advocacy to
change this paradigm. Increased frequency of respiratory
symptoms among smokers compared to non-smokers
that was reported in this present study is plausible and
expected and has also been previously reported both in
a prison population and in the general population [7, 15,
29]. With more than 60% of the participants in our study
currently smoking indoors, it implies that most prison-
ers are exposed to secondhand smoke and therefore also
at risk of lung diseases associated with cigarette smoking.

Striking is that despite the high burden of respiratory
symptoms and lung function abnormalities including
obstructive impairment among these inmates, no pris-
oner has a previous respiratory diagnosis nor on treat-
ment for any chronic respiratory disease. It alludes to
the reported limited access to healthcare services expe-
rienced by inmates in Nigeria leading to poor health out-
comes [30, 31]. The lack of association between abnormal
spirometry and respiratory symptoms showcases the
need to include spirometry as a priority service in the
development of interventions to improve healthcare ser-
vice to inmates in prisons globally.

Limitations of the study

The first recognized limitation in this study is recall bias
for assessing the history of respiratory symptoms as we
did not have access to clinical notes. Some of the inmates
may not recall accurately the number of episode of res-
piratory symptoms in the previous one year. Also, a few
of the inmates could not recall their actual date of birth,
thus age estimation was based on events surrounding
the period and year of birth. Use of estimated age may
have affected their lung function interpretation. Lastly,
the smoking status of prisoners was documented but
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information on the number of sticks of cigarette smoked
per day was not obtained for further sensitivity analysis.
However, this study has provided the lung function
parameters of prison inmates in a Nigerian prison which
was previously lacking. The reported high rates of abnor-
mal lung function compared to the general population
lays credence to the potential adverse impact of poor
prison condition on respiratory health. This data is use-
ful for informing policy, driving advocacy and proposing
recommendations for reduction in prison congestion,
improvement in ventilation as well as access to health-
care for early diagnosis and treatment of respiratory
NCDs. Policy towards smoke-free prisons is also rec-
ommended to reduce the risk of passive smoking which
could improve indoor air quality and perhaps lung health.

Conclusion

In Conclusion, we have reported high rates of respiratory
symptoms and abnormal lung function with under-diag-
nosis of chronic respiratory diseases among inmates in
Enugu prison. This calls for improvement in prison facili-
ties to promote lung health and enhance access to diag-
nosis and treatment of respiratory NCD among inmates.
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