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Introduction 
 

More than 2 billion people, equal to one-third 

of the world’s population, are infected with 

Mycobacterium tuberculosis. Out of all the 

infected cases only 5-10 % develops 

symptoms and in the rest, the bacterium 

remains latent. TB accounts for over 2 million  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

deaths per year worldwide, making it one of 

the leading infectious causes of death in the 

world (WHO TB Control Geneva 2010; Dye 

et al., 2010). Cholesterol is a vital molecule 

for maintaining the integrity of lipid rafts 

making it important for the appropriate 
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This study was aimed at investigating the association of dietary and serum cholesterol 

levels with active tuberculosis. A hospital based matched case control study was 

conducted. A total of 124 participants (62 pulmonary tuberculosis (PTB) cases and 62 

controls) were included in the study. Out of 62 PTB cases 28 were newly diagnosed while 

the rest 34 cases were under anti-tubercular treatment (ATT). Serum lipid and albumin 

levels were measured from blood samples. Dietary intake of cholesterol before disease was 

assessed by a validated food frequency questionnaire (FFQ). Smears prepared from 

sputum samples of the newly diagnosed cases were graded for acid-fast bacilli after Ziehl-

Neelsen staining. Levels of serum total cholesterol (TC), low density lipoprotein 

cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), triglycerides (TG) and 

albumin were significantly lower in the newly diagnosed cases when compared with the 

controls (p<0.000) and the cases under treatment (p<0.000). TC, HDL-C and dietary 

cholesterol intakes differed significantly between categories of smear grades with p-value 

of 0.019, 0.011 and 0.006 respectively. Levels of Serum TC, HDL-C and LDL-C 

correlated negatively with the smear grading with spear man rho of -0.514, -0.398 and -

0.424respectively at p<0.05. Reported habitual intake of cholesterol before disease also 

correlated positively with the smear grading (r=0.561 for new cases at p<0.05). There was 

a significant positive trend in the risk of developing active disease between quartiles of 

cholesterol intake with Ptrend = 0.008. Low serum cholesterol in the new cases and its 

negative correlation with smear grading may be due to high oxidative stress and elevated 

cytokines reported in previous studies but levels of dietary cholesterol intake before 

disease may have a role in fueling the development of active disease and should be 

thoroughly studied. 
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functioning of the immune system (Simons 

and Toomre, 2000). Low serum cholesterol 

levels were found to be associated with 

mortality and incidence of infectious diseases 

(Iribarren et al., 1998). Hypocholesterolemia 

is frequently found in patients with active 

PTB (Pérez et al., 2002). Furthermore the 

lowering of cholesterol in active PTB 

correlates negatively with severity of the 

disease (Deniz et al., 2007). Supplementation 

of cholesterol rich diet together with ant-

tubercular treatment has been shown to 

accelerate bacteriologic sterilization of the 

sputum (Pérez et al., 2005). This finding has 

led authors like Pérez-Guzmán to put forward 

the hypothesis that hypocholesterolemia may 

be a major risk factor for developing active 

PTB (Pérez-Guzmán et al., 2006).  

 

Contrary to such speculations cholesterol is 

now known to be critical in the intracellular 

survival of Mtb (Pandey et al., 2008). 

Cholesterol depletion was also shown to have 

an overcoming effect on the phagosome 

maturation block in M. avium infected 

macrophages (Chastellier et al., 2006).  

 

Foamy macrophages (FM) are lipid loaded 

macrophages generated from the massive 

uptake of LDL and its intra-cytoplasmic 

accumulation as cholesterol-esters. They are 

classically found in granulomas (Peyron et 

al., 2008).  

 

Their spatial and temporal relationship with 

the necrotic center has suggested a causal 

association between the accumulation of FM 

and the progress of latent infection into 

caseation (Russell et al., 2009). The lipids 

constituting the caseum in humans is rich in 

cholesterol, cholesterol esters and 

triglycerides reflecting that they are sourced 

from LDL which had been sequestered as 

lipid bodies in the foamy macrophage (Kim et 

al., 2010). The tissue changes that accompany 

granuloma progression (i.e. caseation) were 

also shown to be tightly associated with the 

up regulation of genes involved in lipid 

metabolism (Kim et al., 2010). 

 

Mice fed on a high cholesterol diet were 

found to have a significantly higher bacterial 

burden in their lungs than mice on low 

cholesterol diet (Schäfer et al., 2009). 

Moreover, hypercholesterolemia due to a high 

cholesterol diet in mice deficient in apoE
-/-

 

has been reported to impair the immunity to 

Mtb. ApoE
-/-

 mice on high cholesterol diet 

showed a pronounced bacterial burden, 

severer inflammation and died early after 

being aerosol infected with  

 

Mtbwhen compared with the wild type on 

high cholesterol diet and apoE
-/- 

mice on low 

cholesterol diet (Martens et al., 2008). 

Amazingly, administration of statin drug like 

simvastatin lowered the treatment duration in 

mice when taken with ATT (Dutta et.al 2016). 

Dietary cholesterol has also been shown to 

increase the risk of developing active 

tuberculosis in humans (Avril et al., 2016). 

 

The role of cholesterol in the development 

and control of the disease, and more basically 

nature of the association between cholesterol 

and active PTB in humans are not quite clear. 

Do dietary and serum cholesterol levels have 

association with active PTB in humans? If so 

what kind of association do they have? The 

present study attempted to answer these 

questions first by comparing serum 

cholesterol levels of newly diagnosed PTB 

patients and those under ATT (anti-tubercular 

treatment) with their matched controls. The 

association of levels of dietary cholesterol 

intake and being diagnosed with active PTB 

were then investigated, and lastly the study 

investigated if there were correlations 

between the bacterial burden of sputum 

samples of participants with active PTB with 

their levels of serum cholesterol and amounts 

of habitual dietary intakes of cholesterol. 
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Materials and Methods 

 

Study population and design 

 

A total of 124 participants who visited Halibet 

and Orrota referral hospitals in Asmara the 

capital city of Eritrea, between January 10
th

 

and May 30
th

2016 were examined. Out of 124 

participants 62 patients reporting themselves 

with clinical manifestations suggestive of 

pulmonary TB together with the finding of 

abnormal chest X-ray, and the demonstration 

of acid fast bacilli by Ziehl-Neelsen method 

of staining on their sputum smears were 

included as cases. Patients diagnosed with 

PTB but having diabetes mellitus and HIV 

infection were excluded from the study. 

Those who were smear negative but whose 

final diagnosis was pulmonary TB were also 

included as cases. Out of 62 cases 34 cases 

that had been previously diagnosed with 

active TB and were under anti-tuberculosis 

treatment (ATT) at the health centers with no 

previous history of diabetes mellitus and HIV 

were also included as cases. The PTB positive 

cases were then sub divided into two groups 

(i.e. the newly diagnosed and those under 

ATT) to see the possible effect of treatment 

and recovery on serum lipid levels. Sixty four 

healthy people who visited the same settings 

for conditions other than TB were selected as 

control based on their matching statues for 

age, sex and body mass index (BMI) with the 

cases. Having diabetes mellitus, HIV 

infection, liver diseases, respiratory disease or 

symptoms related with TB, lactating or 

pregnant women, use of cholesterol lowering 

medications, history of being diseased with 

tuberculosis and history of tuberculosis 

infection in one or more of their direct family 

members were used as exclusion criteria’s for 

the controls. This study has got its ethical 

clearance from the Ministry of Health (MoH) 

research ethical committee. Informed consent 

was obtained from each individual included in 

the study. Serum cholesterol levelsand 

habitual intakes of cholesterol along with 

frequency of consumption of other foods were 

assessed for all the participants. Extent of 

bacterial burden in the sputum of the newly 

diagnosed PTB positive cases was assessed 

by smear grading while the smear grade at 

diagnosis for those under ATT was obtained 

from the patient card. Socio-demographic 

characteristics, BMI, alcohol consumption 

and smoking statues were also assessed for all 

participants.  

 

Bacteriological examination 

 

Bacteriologic examination was carried out on 

three sputum samples collected on two 

consecutive days for the new cases. The 

sputum smears were examined for acid-fast 

bacilli using Ziehl-Neelsen method of staining 

(WHO Geneva, 1998). The smear was 

prepared from the purulent and mucoid part of 

the sample. The bacterial burden of the 

sputum samples was determined by degree of 

smear positivity after examining 100 high 

power fields (HPF). The finding of 1-9 

AFB/100 HPF and smear negative cases were 

graded as “-/ (1-9) ”, 10-99 AFB/100 HPF as 

“+”, 1-10 AFB/HPF as “++” and >10 

AFB/HPF as “+++”. The grading was 

confirmed by an experienced lab-technician. 

Discrepant results were resolved by a third 

lab-technician. For those under treatment, 

their smear results at diagnosis were obtained 

from the patient card. 

 

Measurement of biochemical parameters 

 

Peripheral venous blood was drawn from 

fasting participants by vein puncture from the 

anticubital area. Six milliliter of blood 

specimen was then collected in blank sterile 

vacutainers. Serum sample was separated by 

centrifugation after ensuring the blood has 

clotted. Sample was then delivered to the 

National Health Laboratory (NHL). Serum 

cholesterol levels were then determined by a 
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daily calibrated and quality controlled 

automated Beckman-AU480clinical 

chemistry analyzer. Serum levels of total 

cholesterol (TC), high density lipoprotein 

cholesterol (HDL-C), triglycerides (TG) and 

albumin were measured. Low density 

lipoprotein cholesterol (LDL-C) was 

determined using the Friedewald formula.  

 

Dietary assessment 

 

Information on dietary intakes was gathered 

by an interviewer administered 42 item semi-

quantitative FFQ (food frequency 

questionnaire) specifically developed for this 

study. It was used to assess the participant’s 

usual diet over the past 12 months before 

diagnosis for cases and 12 months before the 

interview for the controls. Since there were no 

previously established FFQ for our study 

population the FFQ was developed and 

validated before the initiation of this study. It 

was developed in two stages; the first stage 

involved the selection of commonly 

consumed foods by interviewing some of the 

people visiting the above mentioned study 

sites. After the selection of commonly 

consumed foods the prepared FFQ was 

validated for its ability to estimate cholesterol 

intake with the use of a two day 24-hour 

dietary recall interview on 30 people. The 

reference time of the questionnaire was 

reduced to one month to enable comparison 

with a two day 24-hour diet recall extended 

over a month. The days selected for the 24-

hour recall were Sunday and Thursday. Its 

reliability was assessed by test and retest 

method. Cholesterol intake estimated by 24-

hour diet recall and our FFQ showed a 

Pearson’s correlation coefficient of r = 0.569 

at p<0.05 and r = 0.723 at p<0.05 between the 

repeatedly administrated FFQ, which is 

considered good for this purpose.  

 

For each food item in the FFQ participants 

were asked to select their average frequency 

of intake from 11 possible responses, ranging 

from never up to two or more times per day. 

A commonly used unit or portion size was 

specified, and participants were asked how 

many of that specified unit or portion they 

habitually consume during a single meal. 

Some published reports (Carlos and Jorge 

2010; Scherr et al., 2009) as well as the 

Matvaretabellens food composition database 

was used to estimate the cholesterol content 

of each cholesterol containing food 

component (i.e. a component approach was 

used). Average daily intake of cholesterol was 

computed by multiplying the consumption 

frequency of each food by the cholesterol 

content of the specified portion size. Total 

average cholesterol intake was then taken as 

the sum of the results.  

 

The consumption frequency of different food 

groups (cereals, vegetables, legumes, dairy 

products, egg, fish, meat, fruits, tea and 

coffee) were also converted into frequency of 

consumption per week for them to be 

included in further analysis.  

 

Statistical analysis 

 

The collected data was analyzed by SPSS 

software version 20. Normally distributed 

parameters were tested by paired t-test while 

Wilcoxon signed rank sum test and Mann-

Whitney U test were done for non-normally 

distributed measures. Spearman’s correlation 

and partial correlation coefficients were used 

to evaluate the association of dietary 

cholesterol intake and serum lipid levels with 

the degree of smear positivity for 

AFB.ANOVA and Kruskal-Wallis test were 

used to compare categories of smear grades. 

McNemar’s test was used to evaluate 

associations between categorical variables of 

the matched cases and controls. The study 

participants were categorized into quartiles of 

cholesterol intake which were was 

represented by their median value. 
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Conditional logistic regression was then used 

to estimate the odds ratio adjusted for possible 

confounders for each quartile in reference to 

the lowest quartile. The median values of 

each quartile were entered as continuous 

variable to analyze the existence of a trend in 

the odds ratio. Variables included in the 

model were selected by the purposeful 

variable selection method as proposed by 

Hosmer and Lemeshow (1999, 2000) as it 

proved to be more sensitive for including 

confounders. The last model was checked for 

multicolliniarity by running it in linear 

regression to check for the VIF, tolerance and 

eigenvalue of the predictors. 

 

Results and Discussion 

 

The study included a total of 124 participants 

which consisted of 62 tuberculosis cases and 

62 age (± 2 years), sex and BMI matched 

controls. From the 62 participants included as 

cases 28 were newly diagnosed pulmonary 

TB cases while the rest 34 cases were under 

ATT. Table 1 shows the socio-demographic 

characteristics of the study participants. The 

cases and controls were comparable on the 

matching variables of age and sex. The 

matching for BMI was not strictly adhered in 

some of the newly diagnosed cases as some 

were severely malnourished and finding a 

suitable control proved to be difficult. 

Although there was non-significant difference 

in the number of people who were under 

nourished (i.e. BMI<18.5kg/m), p=0.829. 

Further analysis by grading the level of 

malnutrition indicated by BMI showed a 

higher number of severely malnourished cases 

than controls (Table 2). Wilcoxon signed rank 

sum test showed that BMI was significantly 

lower in the cases than their controls at p = 

0.026 (not shown). There was no significant 

difference in the ethnicity, religious 

affiliation, residence and current family 

members of the cases and controls. 

Unemployment was significantly higher in the 

cases than the controls at p=0.017. Despite the 

insignificant difference in the distribution of 

cases and controls with respect to educational 

level the isolated comparison of the number 

of cases with higher education levels (i.e. 

educational level above 12
th

 grade) was 

significantly higher in the controls than the 

cases with a p = 0.031 (not shown). The 

prevalence of reported smoking habit was low 

in our study sample only (1.6%) of the cases 

and (4.9%) of the controls reported positively.  

 

The comparison of serum lipid and albumin 

levels was done separately for the newly 

diagnosed and those under treatment with 

their age, sex and BMI matched controls. The 

evaluation of the data normality and 

homogeneity of serum lipids and albumin 

levels in the newly diagnosed cases and their 

controls showed that the levels of TC and 

LDL were normally distributed as indicated 

by normal Q-Q plots and insignificant 

deviation from normality by Kolmogorov-

Smirnov and Shapiro-Wilk tests of normality. 

The levels of skewness and Kurtosis were 

acceptable at p>0.05. The slightly skewed 

distribution of TG was normalized upon 

logarithmic transformation. Levels of HDL 

and Albumin were not normally distributed 

even after transformations. The test for 

homogeneity by Levine’s test showed no 

significant difference in the variance between 

the cases and controls for all serum lipid 

levels. But it was significant for albumin 

levels. The comparison of serum levels of TC, 

LDL-C and TG was therefore done by paired 

t-test while Wilcoxon signed rank sum test 

was used for the others. The comparison 

showed significantly lower levels of all serum 

lipids and Albumin levels when compared 

with the matched controls at p<0.000 (Table 

3). The evaluation of the normality for the 

biochemical parameters prior to comparing 

cases under ATT and their controls showed a 

normal distribution for Albumin and HDL-C 

levels. Levels of TC and LDL-C were 
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normalized upon inverse transformation while 

levels of TG were normalized upon 

logarithmic transformation. The Levine’s test 

for homogeneity showed no significant 

difference in the variance for all the 

parameters. Paired-t test was therefore used to 

compare serum lipid and albumin levels 

between the cases under treatment and their 

matched controls. The analysis showed no 

significant difference in the levels of TC, 

HDL-C and LDL-C (p>0.05). The difference 

was significant only for levels of triglycerides 

and albumin, which was significantly lower in 

the treatment cases as shown in the table 3 at 

p<0.05 for both parameters. 

 

Lipid and albumin levels between the newly 

diagnosed (i.e. those that had not started 

ATT) with those that had started treatment 

were also compared. Serum levels of TC, 

HDL-C, LDL-C, TG and Albumin showed a 

normal distribution when logarithmically 

transformed satisfying the normality 

assumption. Independent t-test was done and 

the results showed that serum lipids and 

albumin, with the exception of triglycerides 

were significantly higher in the cases under 

treatment (p <0.000) as shown in table 3. 

 

Grouping of the cases based upon their 

duration on treatment showed a significant 

linear increase with Ptrend< 0.000 and a non-

significant deviation from linearity in the 

mean levels of HDL-C, TC, LDL-C and 

albumin levels (Figure 1). 

 

Although age, sex and BMI were matched a 

model was constructed to control for other 

possible confounders. Conditional logistic 

regression was used to model the data. 

Purposeful variable selection method was 

used to select the variables. Univariate 

analysis was done at p-value cut-off point of 

0.25, as more traditional levels like 0.05 can 

fail in identifying variables known to be 

important (Bendel et al., 1999; Mickey et al., 

1989). Higher educational level, employment 

statues, legume, vegetable, and tea 

consumption, quartiles of cholesterol intake, 

residence, meat and fruit consumption were 

selected as candidates for the multivariate 

analysis in the model with p<0.25. 

 

In the iterative process of variable selection, 

covariates were removed from the model if 

they were non-significant at the 0.1 alpha 

level and non-confounder evaluated as a 

change in any remaining parameter estimate 

greater than 15% as compared to the full 

model. At the end of this iterative process 

quartiles of cholesterol intake, legume 

consumption (frequency of consumption per 

week), vegetable consumption (frequency of 

consumption per week), employment statues 

(employed and non-employed), Higher 

educational level (Educational level above 

12
th

 grade or below) and meat consumption 

(frequency of meat consumption per week) 

were kept in the final model (Table 4). None 

of the previously excluded variables made it 

to the final model after they were added back 

one at a time. For more details on the 

purposeful selection process used in this 

study, refer to Hosmer and Leme show 

(1999). The diagnosis of the model for multi 

colliniarity didn’t show any problems as all 

VIF values were below 1.5 and minimum 

tolerance value of 0.709. None of the 

eigenvalue was zero. 

 

The test for a trend in the odds ratio between 

with increasing cholesterol intake was done 

by entering the median values of each 

quartiles of intake as a pseudo continuous 

variable into the model. Running the model 

showed a significant linear trend in the odds 

ratio with the increase in the quartile of 

cholesterol intake with Ptrend 0.008. The 

modeling showed a positive association of the 

odds ratio with the increase of cholesterol in 

the diet. The results of our analysis indicate a 

dose response association of the risk of 
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developing active tuberculosis with increase 

in the cholesterol intake. To assess the 

possibility of some recall bias introduced to 

the model due to including the cases under 

treatment the model was run by excluding the 

cases under treatment from the model. Only 

28 pairs remained for analysis which was 

small to accommodate all the previously used 

variables. We therefore used unconditioned 

logistic regression to include the controls for 

the cases under treatment. The association 

was not changed with the exclusion of the 

cases under treatment with a Ptrend = 0.004.  

 

Estimated cholesterol intake obtained from 

the FFQ was used to assess the association of 

dietary cholesterol with the risk of developing 

active PTB. The unadjusted chi square test 

showed no significant association of the 

categories of cholesterol intake with TB at 

p>0.05. There was a slight increase in the 

crude odds ratio with increasing quartiles of 

intake using the lowest quartile as the 

reference exposure. Calculation of the 

adjusted odds ratio using the final model 

showed an increase in the odds ratio with the 

increase in the quartiles of cholesterol intake. 

Being in the highest quartile of cholesterol 

intake was associated with an8.57 (95% CI 

1.586-46.35) times risk of having the active 

form of the disease when compared with the 

first quartile of intake (Table 5). 

 

Table.1 Socio-demographic characteristics of study participants 

 
Socio-demographic variable  Cases Controls p-value 

Age (years)  17-37 46.8% 47.5% 0.975 

38-58 38.7% 39.3% 

59-86 14.5% 13.1% 

Sex Male 38.7% 37.7% 0.998 

Female 61.3% 62.3% 

BMI <18.5 59.3% 57.4% 0.829 

>18.5 40.7% 42.6% 

Educational level None 14.5% 6.6% 0.062 

Primary (1-8)  45.2% 39.3% 

Secondary (9-12)  32.3% 29.5% 

Higher (>12)  8.1% 24.6% 

Ethnicity Tigrina 92.9% 91.8% 0.554 

Tigre 7.1% 4.9% 

Saho 0% 1.6% 

Others 0% 1.6% 

Religion 

 

Orthodox 88.5% 80% 0.608 

Muslim 7% 15% 

Catholic 1.9% 3.3%  

Others 1.9% 1.7% 

Residence Urban 78% 84.7% 0.344 

Rural 22% 15.3% 

Employment Unemployed 50% 29% 0.017* 

Employed 50% 71% 

Smoking habit  Yes 1.6% 4.8% 0.309 

No 98.4% 95.2% 

Current family members <6 72.6% 63.6% 0.299 

>6 27.4% 36.4% 

              *Significant at p<0.05 
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Table.2 Comparison of cases and controls on the degree of malnutrition 

 
BMI (Kg/M)  Degree of  

Malnutrition 

New cases Matched 

controls 

Treatment 

cases 

Matched 

controls 

<16 Severe malnutrition 28.6% 14.3% 23.5% 8.8% 

16-17 Moderate malnutrition 14.3% 10.7% 8.8% 8.8% 

>17-18.5 Mild malnutrition 32.1% 50% 14.7% 26.5% 

>18.5-25 Normal 25% 25% 52.9% 55.9% 

 

Table.3 Comparison of serum levels of TC, HDL-C, LDL-C, TG and Albumin 

 

Variables Newly diagnosed (M±SD)  Matched controls (M±SD)  p-value 

TC 98.96±32.96 (mg/dl)  153.35±32.8 (mg/dl)  0.000
 

HDL-C 22.21±14.57 (mg/dl)  44.98±13.95 (mg/dl)  0.000
 

LDL-C 61.78±23.48 (mg/dl)  88.98±22.17 (mg/dl)  0.000
 

TG 74.67±27.8 (mg/dl)  96.96±38.34 (mg/dl)  0.018
 

Alb 2.71±0.74 (g/dl)  4.09±0.468 (g/dl)  0.000
 

 Treatment cases (M±SD)  Matched controls (M±SD)   

TC 171.41±47.02 154.06±37.88 0.401
 

HDL-C 43.15±12.55 38.33±9.82 0.326
 

LDL-C 109.75±43.91 97.31±34.42 0.656
 

TG 87.38±34.16 106.7±51.04 0.006
 

Alb 3.51±0.63 3.86±0.42 0.044
 

 Newly diagnosed cases Cases under treatment  

TC 98.96±32.96 171.41±77.02 0.000
 

HDL-C 22.21±14.57 43.15± 12.55 0.000
 

LDL-C 61.78±23.48 109.75±43.91 0.000
 

TG 74.67±27.8 87.38±34.16 0.390
 

Alb 2.71±0.74 3.51±0.63 0.000
 

              M±SD - Mean± Standard Deviation 

 

Table.4 Final model of the conditional logistic regression used for testing for a trend by 

adjusting for confounders 

 

Variables in the final 

Model 

 Β   SE Wald  Sig. Exp 

(β)  

95% CI for Exp (β) 

Lower Upper 

Employment 1.697 0.753 5.073 0.024* 5.456 1.246 23.886 

Legumes 0.154 0.088 3.098 0.078 1.167 0.983 1.385 

Vegetables -0.225 0.092 6.039 0.014* 0.798 0.667 0.995 

Meat -0.151 0.087 2.974 0.085 0.860 0.725 1.021 

Quartile of 

cholesterol intake 

0.016 0.006 6.941 0.008* 1.016 1.004 1.027 

Higher educational 

level (>12
th

)  

-1.042 0.798 1.703 0.192 0.353 0.074 1.687 

 *significant at p<0.05 
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Table.5 Comparison of the odds ratio of the higher quartiles of intake with the first quartile 

 
Quartile of intake Crude OR  95% CI Adjusted OR 95% CI 

Quartile 1 (15.56mg/day)  1  1  

Quartile 2 (41.79 mg/day)  1.498 0.529-4.218 1.11 0.301-4.1 

Quartile 3 (67.97 mg/day)  1.316 0.428-4.041 1.49 0.371-7.015 

Quartile 4 (159.12 mg/day)  1.936 0.704-5.324 8.573 1.586-46.351 

            OR-odds ratio CI-Cholesterol Intake 

 

Table.6 ANOVA and Kruskal-Wallis analysis of mean values of serum lipids, albumin, 

Estimated Cholesterol Intake (ECI), BMI andAge with categories of smear grades 

 

          *Kruskal-Wallis test was used. **ECI: Estimated Cholesterol Intake before disease  

 

Table.7 Correlation of serum lipid, albumin levels and quartiles of cholesterol intake with AFB 

smears grading using the Spearman correlation and partial correlation in the newly diagnosed 

cases 

 
N = 28 TC HDL-C LDL-C TG ALB BMI Age QCI 

Smear 

grading 

Spearman’s rho -0.513 -0.388 -0.428 0.034 -0.363 -0.380 -0.012 0.564 

Partial correlation 

coefficient 

-0.611 -0.639 -0.446 -0.075 -0.407   0.639 

P-value for Spearman correlation 0.005  0.041  0.023 0.866  0.057 0.046 0.953 0.002 

P-value for partial correlation 0.001  0.001 0.025 0.721  0.044   0.001 

QCI -Quartiles of Cholesterol Intake ALB-Albumin 

 

Fig.1 Comparison of mean levels of HDL, TC, LDL and TG when cases were grouped based 

upon their duration of treatment. All except TG levels showed a significant linear increase. 

 

 

Variables AFB Smear Grading P-value 

 ̶ / (1-9)  

n=5 

+ 

n=5 

++ 

n=5 

+++ 

n=13 

 

TC 133.2±26.53 101.2±31.4 106.2±28.14 82.1±28.57 0.019 

LDL-C 76.7±20.68 71.09±27.9 65.5±13.56 51.02±22.69 0.130 

TG 72.2±35.32 78.2±12.45 72.2±34.76 75.23±29.3 0.985 

HDL-C 41.99±16.21 14.47±4.84 26.25±12.06 16.08±10.1 0.011* 

Albumin 3.36±0.61 2.53±0.78 2.92±0.507 2.46±0.74 0.114* 

ECI** 26.8±19.5 48.6±61.9 117.7±62.18 124.9±64.6 0.006* 

BMI 17.6±1.89 18.68±0.319 17.1±1.89 16.3±1.92 0.064* 

Age 39.0±15.7 37.6±17.03 35.0±7.0 39.0±15.7 0.999* 
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Fig.2a The correlation of serum lipid levels with the degree of smear grading 

 

 
 

 
 

 
(A) A negative correlation between serum LDL-Cholesterol and AFB smear grading (B) A negative correlation 

between HDL-C and AFB smear grading. (C) A negative correlation between TC and AFB smear grading. (D) No 

correlation between TG and AFB smear grading (E) a negative correlation but non-significant correlation of albumin 

with AFB smear grading 
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Fig.2b The correlation of estimated cholesterol intake and AFB smear grade 

 

(A) Correlation of smear grading with estimated 

cholesterol intake showed a positive correlation in the newly diagnosed cases. 

(B) Correlation of smear grading with the estimated cholesterol intake in the cases under ATT. 

 

The extent of bacterial burden in the sputum 

of the cases at the time of diagnosis was 

analyzed for its possible associations with 

serum lipid levels and dietary intake of 

cholesterol. There was no significant 

difference in the homogeneity of variance for 

all the measured parameters. The presence of 

possible association was first analyzed by 

ANOVA for levels of TC, LDL-C and TG 

which had normal distribution with in the 

newly diagnosed cases (n = 28). Albumin and 

HDL-C levels were not distributed normally 

and were analyzed by Kruskal-Wallis test. 

There was a significant difference in serum 

levels of TC, HDL-C and estimated dietary 

cholesterol intakes across different groups of 

smear grading’s. Other parameters like the 

levels of LDL-C, TG, BMI and age were not 

significant across the categories of smear 

grading (Table 6). 

 

There was a significant linear decrease (p< 

0.05) in serum lipids of LDL-C, TC, Albumin 

and BMI with higher smear grading without 

deviating from normality (p>0.05), while 

serum levels of HDL-C were significantly 

deviated from linearity. There was also a 

significant linear increase (p = 0.002) in the 

mean levels of cholesterol intake before 

disease with increase of smear grading 

without significant deviation from linearity (p 

= 0.601).  

 

The strength and direction of the correlation 

between serum levels of the biomolecules and 

smear grading was analyzed by Spearman’s 

rho and partial correlation was used to assess 

the correlation after controlling for age, sex 

and BMI. It was found that levels of TC, 

HDL-C and LDL-C had a significant negative 

correlation (p<0.05) with the extent of the 

smear grading (Table 7) when analyzed by 

Spearman’s rho. Partial correlation coefficient 

showed similar results; HDL-C, LDL-C and 

TC levels showed a significant negative 

correlation with smear grading with 

coefficients of -0.639, -0.446 and -0.611 

respectively all at p<0.05. Such correlation 

was again not apparent for TG levels. 

Quartiles of cholesterol intake (QCI) had a 

significant correlation with Spearman’s rho of 

0.561 at p = 0.002. Similar results were 

obtained upon analysis by partial correlation 

with a coefficient of 0.639 at p = 0.001. 

Increased levels of cholesterol intake were 

correlated with higher degree of smear 

grading. Similar results were obtained for the 

recalled report of cholesterol intakes for the 

cases under ATT with their smear grade at 

diagnosis with Spearman rho of 0.598 at p = 
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0.001. The partial correlation coefficient was 

similarly significant with a value of 0.466 at p 

= 0.033 (Figure 2).  

 

Tuberculosis still persists as a major health 

problem throughout the world causing a large 

number of annual deaths worldwide (Dye et 

al., 2010). The focus of the present study was 

solely concerned with the association of both 

dietary and serum cholesterol with active 

pulmonary TB. Hypocholesterolemia had 

been proposed to be a risk factor for 

developing active tuberculosis (Pérez et al., 

2006). This was based on the facts that 

hypocholesterolemia appears to co-occur with 

active tuberculosis in several cross-sectional 

and case-control studies, its degree of 

lowering also varies with the severity of the 

disease (Deniz et al., 2007). Experiment 

evaluating the effects of cholesterol 

supplementation during ATT showed that it 

accelerated the rate of culture conversion but 

did not influence the symptoms (Pérez et al., 

2006). However, studies in apoE 
-/- 

deficient 

mice showed that those fed cholesterol rich 

foods showed higher bacterial burdens and 

died early (Martens et al., 2008). 

Administration of statin drug like simvastatin 

was also reported to lower the treatment 

duration in mice when taken with ATT (Dutta 

et al., 2016). All these may be related with the 

fact that cholesterol is critical for intracellular 

survival of Mtb in the host cell (Pandey et al., 

2008). Studies showing that cholesterol 

depletion of cells could overcome the 

pathogen induced phagosome maturation and 

autophagy block provided further support to 

the claims (Chastellier et al., 2006).In the 

present study it was claimed that both serum 

and dietary cholesterol have association with 

the development and outcome of active 

tuberculosis on humans. We were not able to 

predict the nature of the association as the 

literature provides no clear and consistent 

association. The results of this study showed 

that serum cholesterol levels besides being 

significantly lower in the newly diagnosed 

cases, correlated negatively with the extent of 

bacterial load of their sputum sample. Dietary 

cholesterol on the other hand appeared to 

have a significant positive correlation with 

both the risk of developing active disease and 

the extent of the bacterial load in the sputum 

sample.  

 

The finding of low serum cholesterol levels in 

the newly diagnosed cases confirmed the 

finding of previous studies (Pérez Guzmán et 

al., 2002, Akiibinu 2008, and Kassim et al., 

2012). High degree of oxidative stress had 

been reported to occur during active 

tuberculosis (Tesfaye et al., 2003, Samuel 

2013). This may in part provide an 

explanation for the presence of low lipid 

levels because lipid peroxidation due to the 

oxidative stress is shown to cause lowering of 

serum lipid levels (Sasaki et al., 1994). 

Studies showing the presence of higher levels 

of serum malondialdehyde, a lipid 

peroxidation product in active PTB patients 

may provide further evidence to these 

phenomena (Tesfaye et al., 2003, Samuel 

2013). This issue may be addressed in the 

present study by the presence of lower 

albumin (natural antioxidant) in those with 

active pulmonary tuberculosis. Pro-

inflammatory cytokines like IL-6, IL-1, TNF-

α and IFN’s which are known to down 

regulate serum lipid levels by interfering 

withlipid metabolism (Vanet.al 1994; Henrich 

1990) have also been shown to increase 

during the onset of active tuberculosis 

(FigenDeveci et al., 2005). 

 

The cases under ATT had comparable levels 

of serum lipids with their controls except that 

of TG and albumin which were significantly 

lower. The same comparison showed that 

cases under ATT had significantly higher 

levels of TC, HDL-C, LDL-C and albumin 

than the newly diagnosed cases except for TG 

which was non-significant. These results may 
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imply that the lowered levels of serum lipids 

revert or normalize upon starting ATT. Our 

results agree with the previously done studies 

where levels of TC showed a significant 

increase after 8 weeks of follow up 

(Mohamed et al., 2012).Similarly levels of 

TC and HDL-C showed a significant increase 

with treatment after 6 months of follow up 

(Akpovi et al., 2013). There was no 

significant increase in the levels of TG before 

and after treatment for both studies which 

again agrees with our results. Unlike these 

studies which found no significant increase 

for levels of LDL-C, it was significantly 

higher in cases under ATT than the newly 

diagnosed cases in this study. The pre-post 

design of those studies where the cases act as 

their own control may give more reliable 

result than our approach of comparing groups 

of matched individuals. The duration of 

treatment was also not kept constant in our 

study which could be a source of variation. 

The observed linear increase in the mean 

levels of TC, HDL-C, and LDL-C with 

duration under treatment (Fig. 1) may 

together with the above observation oppose 

the claim that lowering of serum lipids may 

be the cause of the disease (Pérez et al., 2006) 

but make it more likely to be a consequence 

of the disease. 

 

After adjusting for potential confounders, 

being in the highest quartile of cholesterol 

intake was associated with an8.57 (95% CI 

1.586-46.35) times risk of having the active 

PTB when compared with the first quartile of 

intake. The test for a linear trend in the odds 

ratio was significant at Ptrend = 0.008 showing 

a dose response association between the 

increase in the quartiles of cholesterol intake 

and the risk of developing active PTB. A 

recently published prospective cohort study 

found dietary cholesterol to be positively 

associated with the risk of developing active 

tuberculosis (Avril et al., 2016). Dietary 

cholesterol therefore appears to increase the 

risk of developing active PTB when taken in 

higher amounts. Our way of assessing dietary 

intake like all studies using FFQ was subject 

to recall bias. These findings are therefore to 

be confirmed by further studies. 

 

Levels of TC, HDL-C and estimated 

cholesterol intakes differed between 

categories of smear grades. Levels of TC, 

HDL-C and LDL-C correlated negatively 

with degree of smear grading. Similar 

correlations had also been reported inother 

studies. A strong correlation was reported for 

HDL-C (Akpovi et al., 2013; Dharamveer 

2015) and TC (Deniz et al., 2007; 

Dharamveer 2015). TG despite showing no 

significant correlation with smear grading in 

this studywas found to have a negative 

correlation in other study (Dharamveer 2015). 

Serum lipids were shown to get lower with 

severity of PTB (Rao 2009). Similar 

correlations were also found between CT scan 

severity of the disease and smear grading 

(Mohamed 2014). It’s therefore likely that the 

correlation between serum lipids and smear 

grading are both indicating disease severity. It 

should also be noted that the degree of the 

oxidative stress and the levels of pro-

inflammatory cytokines may also differ with 

the extent of the smear grading creating the 

apparent correlation.  

 

Dietary cholesterol intake was shown in this 

study to positively correlate with smear 

grading (Table 7) indicating that higher intake 

of cholesterol before the development of 

disease was associated with higher smear 

grade at diagnosis. This finding may look to 

contradict the findings of one study that had 

reported cholesterol rich diet accelerates the 

rate of sputum sterilization on ATT (Perez-

Guzman et al., 2005). But the association of 

our study is limited to the state before starting 

ATT and thereby not accounting for the 

possible synergic effect that dietary 

cholesterol may have some with ATT (Iyamu 
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et al., 2014). In support of our findings, there 

are reports on animal studies that have shown 

high cholesterol diet supplementation to mice 

caused a significant increase in the bacterial 

load of the host (Schäfer et al., 2009; Martens 

et al., 2008). If degree of smear positivity 

could be seen as an indicator of the bacterial 

load the finding of our study provide an 

epidemiological support for such relations.  

 

The progress of disease from the chronic 

latent stage to active disease has been 

repeatedly shown to occur with the 

accumulation of foamy macrophages formed 

by the intracellular accumulation of LDL-C 

(Peyron et al., 2008). Detailed molecular and 

immunohistochemical analysis of human TB 

patients biopsy samples showed that the 

progress of disease was associated with 

increased host lipid metabolism (Kim et al., 

2010). It’s therefore possible that dietary 

cholesterol may fuel such pathologic progress 

of the disease. Macrophages upon infection 

with virulent Mtb had been frequently 

observed to accumulate lipid bodies to 

become foamy macrophages (FM) and are 

essential for allowing the pathogen to 

establish chronic infection (Peyron et al., 

2008).The differentiation of alveolar 

macrophages to FM was also shown to be 

triggered in vitro by infection with Mtb or 

even by treatment with Mtb specific envelops 

compounds like oxygenated form of mycolic 

acid (Korf et al., 2005) and TDM (trehalose 

dimycolates) (Bowdish et al., 2009; Kim et 

al., 2010).Increased intakes of cholesterol 

from the diet may accelerate this formation of 

FM by increasing host cholesterol levels as 

dietary cholesterol was reported to increase 

serum total cholesterol levels (Clarke et al., 

1997,Weggerman et al., 2001), but other 

studies restrict such effects to some groups 

labeled as hyperresponders showing a 

significant increase in LDL levels with 

increased intakes of dietary cholesterol 

(Herron et al., 2006: Chakrabarty et al., 

2004). One effect of dietary cholesterol after 

being absorbed is that higher amounts of 

cholesterol being transported in chylomicron 

remanants could increase the cholesterol pool 

of the liver after it is taken up by LDL 

receptors (Van der et al., 2013). This could 

intern down regulate the expression of LDL 

receptors resulting in decreased plasma LDL 

uptake and thereby increase plasma LDL 

levels (Berg et al., 2000). The increase of the 

available plasma LDL levels could then play 

the role of accelerating the formation of FM 

as Mtb can cause disturbances in the lipid 

hemostasis of the infected macrophage 

(Bowdish et al., 2009; Kim et al., 2010). This 

could lead to increased accumulation of FM 

in the granulomatous lesion. FMs are now 

thought to be key players in sustaining 

persistent infection and as primary drivers of 

pathology leading to cavitation and 

transmission (Russell et al., 2009). FMs were 

observed in necrotic lesions and their 

presence correlated with the onset of necrosis 

(Hunter et al., 2007; Welsh et al., 2010).  

 

The main strengthens of this study include 

that it was done in humans and included the 

analysis of both serum and dietary 

cholesterol. The comparison was also done 

with subjects having a comparable nutritional 

statues also matched for age and sex. This 

study also included the comparison of newly 

diagnosed cases with those on treatment 

together with the assessment of the 

correlation with the extent of smear positivity. 

The limitations of this study include the use 

of smear grading of sputum samples of 

participants to estimate the levels of bacterial 

load in the specimens. More sensitive and 

specific culturing and molecular methods 

were not used. The study also used self-

reported dietary intakes which may be subject 

to both recall and measurement errors. The 

presence of latent infection in the controls 

was also not investigated by specific tests. 

The study was also done in a short time 
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interval which has limited its sample size to 

give more generalizable results. The estimates 

of cholesterol intake were not adjusted for 

energy intake as recommended by Willett 

(1997) because assessment of calorie intake 

was beyond the scope of our food frequency 

questionnaire which was specifically designed 

to assess cholesterol intake. Although the 

frequency of consumption for several food 

groups was assessed and used to adjust for the 

intake of other nutrients exact intake of other 

nutrients was also not assessed. The authors 

recommend further prospective cohort studies 

that evaluate the association of baseline serum 

cholesterol levels and dietary intake of 

cholesterol with the development of active 

PTB to specifically address the issue. 

 

The present study appears to support the 

current trend in research showing the negative 

effects of dietary cholesterol due the intimate 

relations of cholesterol with the pathogen. 

This study has shown that the known adverse 

effects of dietary cholesterol rather than the 

assumed positive effects may be operating in 

the actual human population.  

 

Serum cholesterol on the other hand was 

found to be low having a negative correlation 

with the extent of bacterial load of the sputum 

sample in the newly diagnosed cases. It may 

therefore be possible that increased levels of 

dietary cholesterol could increase the risk of 

developing active tuberculosis. Serum levels 

on the other hand may only have diagnostic 

significance as they appeared to alter with 

disease severity.  
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