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The association between improvements in anemia in regions with high urine protein (UP) was examined

epidemiologically using the results of regional health checkups. The study hypothesis was that mild renal

dysfunction emerging along with abnormal UP hindered improvements in hemoglobin (Hb) despite health

checkups. 

Of 14,906 first-time subjects who received a remote health checkup between 2012 and 2014, data from

3,104 subjects who had their Hb tested were collected from 13 regional sites for analysis. The average Hb

was 11.5 (SD1.4) g/dl, indicating 1,821 (59%) had anemia, and 916 (30%) had abnormal UP. A statistically

significant association between UP and anemia (p = 0.002) was shown. Considering this first checkup as an

intervention, 350 women received checkups again after 2–4 months. The women were divided into two

groups based on having abnormal UP or not and were compared. 

No statistically significant difference was found between the two groups at baseline in terms of Hb, anemia,

iron prescription rate, or age. At the second checkup, Hb significantly increased in each group. The positive

increase in Hb in this period in the two groups were 0.5 (SD1.5) g/dl and 0.7 (SD1.5) g/dl, respectively, and

the difference was statistically significant (p = 0.0291). In the multilevel analysis considering the time and the

various survey sites, prescribed iron was shown to contribute to Hb improvements (Coefficient 0.65,

p<0.001). The presence of UP also tended to impair Hb improvements, but the difference was not significant

(Coefficient -0.24, p = 0.085). 

In this study, the health checkup interventions improved Hb levels and decreased the prevalence of anemia,

mainly due to iron supplements. Regarding the negative effect of UP on the improvement of Hb, there was

some evidence that Hb improvements were impaired among subjects suspected of having mild renal

dysfunction.
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Abstract 

The association between improvements in anemia in regions 

with high urine protein (UP) was examined epidemiologically 

using the results of regional health checkups. The study hy-

pothesis was that mild renal dysfunction emerging along with 

abnormal UP hindered improvements in hemoglobin (Hb) 

despite health checkups. 

Of 14,906 first-time subjects who received a remote health 

checkup between 2012 and 2014, data from 3,104 subjects 

who had their Hb tested were collected from 13 regional sites 

for analysis. The average Hb was 11.5 (SD1.4) g/dl, indicat-

ing 1,821 (59%) had anemia, and 916 (30%) had abnormal 

UP. A statistically significant association between UP and 

anemia (p = 0.002) was shown. Considering this first checkup 

as an intervention, 350 women received checkups again after 

2–4 months. The women were divided into two groups based 

on having abnormal UP or not and were compared. 

No statistically significant difference was found between the 

two groups at baseline in terms of Hb, anemia, iron prescrip-

tion rate, or age. At the second checkup, Hb significantly in-

creased in each group. The positive increase in Hb in this 

period in the two groups were 0.5 (SD1.5) g/dl and 0.7 

(SD1.5) g/dl, respectively, and the difference was statistically 

significant (p = 0.0291). In the multilevel analysis considering 

the time and the various survey sites, prescribed iron was 

shown to contribute to Hb improvements (Coefficient 0.65, 

p<0.001). The presence of UP also tended to impair Hb im-

provements, but the difference was not significant (Coefficient 

-0.24, p = 0.085). 

In this study, the health checkup interventions improved Hb 

levels and decreased the prevalence of anemia, mainly due to 

iron supplements. Regarding the negative effect of UP on the 

improvement of Hb, there was some evidence that Hb im-

provements were impaired among subjects suspected of hav-

ing mild renal dysfunction. This study also indicated the usa-

bility of an extensive collection and practical analysis of pa-

tient data that can be obtained by e-health checkups and tele-

medicine consultations. 
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Introduction 

Bangladesh is a developing country, and people are suffering 

from lifestyle diseases. In 2016, the cause of death due to 

lifestyle diseases was 67 percent [1]. There is an under-

developed social infrastructure of public health insurance and 

a shortage of health care facilities. However, there is an 

information and communication technology (ICT) system for 

mobile phones and a pharmacy in almost every rural area and 

village. 

To assess the effect of an e-health examination on lifestyle 

diseases, our team conducted a preventive program using 

medical sensor packages and remote medical examinations by 

using the ICT system from 2012-2014 [2]. Physical measure-

ments and biological and biochemical data were assessed, and 

about one-third of the participants were determined to have 

some degree of lifestyle related diseases such as high blood 

pressure, overweight, and/or diabetes [3]. Interestingly, urine 

protein (UP) tests showed a relatively high prevalence, and 

some survey regions had a higher prevalence than others.  

As another health indicator, the high prevalence of low hemo-

globin (Hb) and anemia has raised concern in the context of 

maternal and child health. In Bangladesh, more than half of 

adolescent girls (10-19 years old) have been reported to have 

anemia (51.6%, n = 1,314) with less than 12g/dl Hb [4], and 

42% of women of childbearing age have anemia [5]. Previous 

studies have found that iron deficiency is a major cause of 

anemia in developing countries [6], and it has also been shown 

that interventions by repeated health examinations and subse-

quent health education can improve Hb levels [7]. 

The high prevalence of UP was concentrated in some survey 

areas, such as northwestern areas and at the mouth of the Gan-

ges River of Bangladesh [3]. The cause of the abnormal levels 

of UP has been known as the first stage of various health prob-

lems, such as fatigue, urine infections, renal dysfunction, and 

life-related diseases, hypertension, diabetes, and cancer. In 

some cases which observed at a particular group, such as oc-

cupation and resident, the mild renal dysfunction could be 

caused by some environmental exposure. In the case of renal 

dysfunction due to environmental and occupational exposure, 

such as heavy metals, organic solvents, and pesticides, high 
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urinary protein occur as a subclinical manifestation of initial 

renal dysfunction [8]. 

The relationship between proteinuria and Hb is not still well 

understood, but once renal dysfunction develops into chronic 

kidney disease (CKD), it is thought to contribute to anemia. 

Although the cause of anemia varies, erythropoietin (EPO), 

which is necessary for the process of erythrocyte differentia-

tion and maturation, is produced in the interstitium near the 

proximal tubule of the kidneys [9]. Thus, if patients with CKD 

develop anemia, recovery of their Hb levels might difficult 

[10]. However, EPO levels in CKD patients are not always 

low [11]. In addition, iron metabolism is strongly connected to 

anemia, and the involvement of the hepcidin peptide (HP), 

which works as a suppresser of iron absorption in the body, 

has been highlighted. However, HP concentrations are high in 

CKD patients due to various possible mechanisms [11]. Given 

multiple complicated mechanisms are involved, the relation-

ship between mild impairment of renal function and the inhibi-

tion of Hb levels is not well understood. 

In this study, given the urinary protein abnormality observed 

in Bangladesh (slight renal dysfunction), the association be-

tween improvement of anemia was examined epidemiological-

ly using the results of regional and occupational health check-

ups. The prevalence of abnormal UP was 35% of the total at 

the previous analysis, and the high incidence of UP were con-

centrated in some survey areas [3]. Therefore, abnormal UP 

observed in this survey might derive from mild and chronic 

renal dysfunction might, and it might induce some physiologi-

cal problems relating to metabolic imbalance and the cause 

and recovery from anemia.  The study hypothesis was that the 

interventions by prescription of iron tablets and lifestyle in-

structions might not improve Hb levels sufficiently in those 

subjects with mild renal dysfunction.   

Materials and Methods 

 

Figure 1- Work flow and data flow chart of the health check-

ups and telemedicine. 

Subjects 

From 2012 to 2014, medical devices equipped with a commu-

nication function "BAN" and a tablet PC were packaged and 

delivered to the workplace or a non-medical village for health 

checkups and telemedicine (Figure 1). The measurement data 

were classified into 4 levels according to severity, based on 

international diagnostic criteria (Table 1). For those who were 

judged to have the more severe levels of "affected" or "emer-

gent (treatment)," ICT intervention was conducted; the doctor 

at the call center provided telemedicine using Skype and gave 

instructions such as a prescription, lifestyle instructions, and 

referrals to hospitals. If subjects had any abnormal test value at 

the initial health checkup, in addition to providing these in-

structions, they were offered another health checkup again 

after 2 to 3 months to assess any improvement. More detailed 

information has been reported previously [2], [3], [7]. 

 

In this study, out of 14,906 first-time subjects who received 

the first health checkup during the study period, data from 350 

women were analyzed because all data on Hb and UP levels 

from both health checkups were available. 

Ethical Considerations 

The Kyushu University Institutional Review Board for Clinical 

Trials approved the protocol of this verification study in 2012 

(Approved Number: 24-048), and 2018 (Approved Number: 

20182007). 

 

Figure 2- Process of selection of study subjects. 

Statistical Analysis 

Study subjects were divided into two groups: subjects with 

abnormal UP levels and subjects without abnormal values of 

UP. Then, Hb levels at the first baseline checkup and that of 

the second checkup were simply compared. At the first check-

up, some subjects received iron tablets. The ages were from 18 

to 65, and both age and the use of iron tablets could affect Hb 

values, so a regression analysis was conducted next. The de-

gree of improvement in the Hb levels of both groups after the 

two health checkups was evaluated by regression analysis us-

ing a mixed-effects multilevel model nested in individuals 

(lower level) and survey sites (upper level) [12]. In the multi-

level analysis, an interaction term based on the variables 
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representing first and second the health checkups and the uri-

nary protein abnormality level was added, and the degree of 

Hb change in the two groups, with and without abnormal uri-

nary protein, was compared. All statistical tests were per-

formed using STATA 16.0, and the statistical significance 

level was set 5%. 

Results 

Of the 14,906 study participants who received the mobile 

health checkup at the first survey, 3,104 female subjects had 

their Hb levels measured. Figure 2 shows the protocol for in-

clusion and exclusion for the 350 women who received Hb 

testing at both the first and second health checkups. 

Table 2 shows the basic characteristics by surveyed regions of 

the 3,104 subjects whose Hb was measured at the first medical 

examination. There were 5 urban areas, 3 suburban areas, and 

5 rural areas, and 5 urban areas (Dhaka) and 3 suburban areas 

(Gazipur) included workers groups. The average age of the 

females who had their Hb levels measured was 29.7 (SD6.4) 

years, with an average Hb level of 11.5 (SD1.4) g/dl, and 

1,821 (59%) had anemia. The number of subjects with urinary 

protein was 916 (30%). There was a significant association 

between high urinary protein levels and anemia (p = 0.002). 

Of the 13 health check-up areas, 3 Gazipur regions were not 

available for a second health check-up, so the data was ulti-

mately obtained from the 10 remaining sites (Figure 2). 

 

 

The study subjects, 350 females who received two medical 

examinations, were divided into two groups according to the 

presence or absence of urinary protein. Their Hb levels and 

anemia status are shown in Table 3 together with the results of 

UP levels, their age, and the status of iron prescription at the 

baseline medical checkup. The box plots are shown in Figure 3 

for the changes in Hb levels and the results of simple compari-

sons of the two health checkups and between the groups. 

There was no significant difference between the two groups at 

baseline (1st checkup) in Hb levels, the prevalence of anemia, 

iron prescription rates, or age (Table 3). There was also no 

difference between these groups in these values at the second 

health checkupa few months after the first health checkup. 

However, within each group, the intervention Hb levels were 

significantly increased (UP(+) group p = 0.0013, UP(-) group 

p<0.0001, by Wilcoxon signed-rank test), and the prevalence 

of anemia was slightly decreased. (UP(+) group p = 0.0047, 

UP(-) group p<0.0039, by McNemar test). The Hb levels 

changed significantly in the UP+ and UP- groups by 

0.5(SD1.5)g/dl and 0.7(SD1.5)g/dl, respectively (p = 0.0291).  

Figure 3- Change in hemoglobin (Hb) between the 1st and 2nd 

health checkups by groups of with (+) and without (-) urine 

protein 

Table 4 shows the results of the regression analysis using 3 

multilevel models to confirm the effect of improving Hb levels 

on those subjects with and without abnormal urinary protein. 

The changes in Hb levels by the 1st health checkup interven-

tion were indicated by the interaction term with the "time" (1st 
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= 0 and 2nd = 1) of checkups by the prescription of iron (not 

prescribed = 0 and prescribed = 1; Model A) or/and UP ("-" = 

0 and "+" = 1; Model B). As the coefficient of the "time" indi-

cated a significant positive value, the intervention of the first 

checkup significantly improved the Hb value. Similarly, the 

interaction term with "time" indicated significantly positive, 

prescribed iron showed to contribute to the improvement (Co-

efficient 0.65, p<0.001 in Model B and Model C) (Table 4). 

We also found that the abnormal levels of urinary protein also 

had a tendency to impair the improvement in Hb levels, but the 

difference was not significant (Coefficient -0.24, p = 0.085 in 

Model B and Model C) (Table 4). 

Discussion 

In this study, we found that health checkup intervention im-

proved Hb levels and decreased the prevalence of anemia. It 

was also shown that iron tablets worked effectively to improve 

Hb levels. As this study confirms, the prevalence of anemia 

among women of reproductive age in developing countries is 

generally high [13]. From the significant improvement due to 

the use of iron supplements, continuum intervention via health 

checkups together with lifestyle and health education, includ-

ing diet and nutritional information, appear to be useful. 

As the main hypothesis of this study, we examined the possi-

bility that urinary protein levels would impair the recovery of 

Hb levels in subjects suspected of having renal dysfunction. 

The hypothesis was nearly confirmed, but ultimately was not. 

In the simple comparison, the changes in Hb levels in the 

group with abnormal levels of UP were significantly smaller 

than those in the group with normal UP levels, and it was dif-

ficult to improve Hb levels in those with abnormal UP. On the 

other hand, according to the results of the multilevel analysis 

adjusted for age and regional information, the use of iron tab-

lets led to a smaller change in Hb levels in the group with ab-

normal urinary protein levels but statistically, the difference 

was not significant. 

The cross-sectional analysis of the prevalence of anemia and 

urinary protein showed a statistically significant association. 

Those with low Hb values were at risk of having abnormal UP. 

However, the fact that the statistical results did not match the 

study subjects who were subsequently analyzed might be relat-

ed to a selection bias among the subjects. In some regional 

areas, the second health checkup could not be performed, and 

those who received the second medical examination had other 

abnormalities such as hypertension, obesity, urinary glucose, 

and other factors, in addition to the results for urinary protein 

and anemia, because they had been encouraged to receive a 

second health checkup again for these conditions. Therefore, 

the selected study subjects had problems in addition to anemia 

and renal dysfunction and these conditions might have affected 

the results. In addition, there had been the interesting on the 

context of maternal and child health, and this study subjects 

were women and sampled subjects who receiving Hb test was 

biased toward younger subjects (median: 31.7, 25%-75%: 26-

35 years). The results might have been different with the par-

ticipation of more male subjects and older adults.  

The dataset collected by e-health checkups and telemedicine 

consultations could be subjected to a complete statistical anal-

ysis, which could sometimes reveal hidden co-relations be-

tween certain parameters which were never looked into, like 

anemia and renal dysfunction in this study. Such extensive e-

health intervention can give us new insights into relationships 

between physical, biological, and biochemical parameters, 

which can help in detecting early deviation from health, initial 

management, and better prognosis. 

Limitations 

There are several limitations in this study. First, regarding 

anemia and renal dysfunction, the data collected at the health 

checkups of residents and at workplaces, and a definitive diag-

nosis and decision of causality, have not been conducted. For 

example, in the case of anemia, Hb is a powerful diagnostic 

criterion, and WBC (white blood cell) and other blood com-

ponents, MCV (mean corpuscular volume), and EPO should 

have been measured to determine the cause of the anemia [14]. 

In addition, UP is not a definitive test for renal dysfunction 

and the possibility of false-positive should be considered. In 

this study, the number of subjects with abnormal UP was much 

higher than in developed countries [3], and slight and chronic 

renal dysfunction was suspected due to exposure to regional 

and living environmental factors. Typically, these factors are 

combined with investigations of laboratory tests such as urine 

sedimentation and other blood biochemical tests to assess gen-

eral morbidity, including renal function [8]. The main objec-

tive of this study was the survey by screening, and these labor-

atory investigations were not conducted. Conducting such tests 

would be important in a future study and it would enable us to 

assess the effect of false-positive and specificity. In addition, , 

which used the general-purpose tablets, such as, FEROCIT, 

FEOFOL-CI, and IPEC-PLUS etc. we have no information on 

the iron tablets prescription regarding whether or not subjects 

actually took the medication. However, there was no differ-

ence in prescription rates and no difference in the proportion 

of subjects with anemia, so it is not expected that only one 
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group would have higher compliance. Therefore, the lack of 

information on this point should have little effect on the results 

of this study. 

Conclusion 

This study showed that the administration of iron supplements 

was significantly effective in improving anemia in Bangladesh. 

Regarding the relationship between renal dysfunction and im-

provement of anemia, there was some evidence that Hb levels 

did not improve sufficiently in subjects suspected of having 

mild renal dysfunction. Paradoxically, in the absence of inter-

vention, anemia might not improve or might need more time to 

improve in areas with many residents with mild renal impair-

ment. Therefore, it is possible that slight renal dysfunction is 

one of the factors behind the high prevalence of anemia in 

Bangladeshi women. To determine causal relationship between 

renal dysfunction and anemia, future studies are warranted that 

have more general participant inclusion and with a more de-

tailed analysis of the diagnosis of renal dysfunction. Moreover, 

this study indicated the usability of an extensive collection of 

patient data that can be obtained by e-health checkups and 

telemedicine consultations. Practical analysis of these e-health 

data can enable us to help in detecting early deviation from 

health, initial management, and better prognosis. 

Acknowledgements 

This research was conducted by the Funding Program for 

World-Leading Innovative R & D on Science and Technology 

“Development of the fastest database engine for the era of very 

large database and experiment and evaluation of strategic so-

cial service enabled by the database engine.” This research has 

been supported by the Funding Program for Future Earth Re-

search, “Transdisciplinary researches for problem solutions: A 

transdisciplinary research by networking solution-oriented 

interdisciplinary sciences of environment, disaster, health, 

governance and human cooperation" (Fund No. 18-

161009264), and the grant of Kyushu University Institute for 

Asian and Oceanian Studies (Q-AOS). The authors appreciate 

these supports. We would like to thank specially the Grameen 

Communications, Bangladesh who provided support for the 

field works and took over the health checkup project after this 

study. 

References 

[1]  World Health Organization - Noncommunicable Diseases 

(NCD) Country Profiles; 2018. Available from:  

https://www.who.int/nmh/countries/bgd_en.pdf?ua=1 

[2]  Ahmed A, Rebeiro-Hargrave A, Nohara Y, Kai E, Ripon 

ZH, Nakashima N. Targeting Morbidity in Unreached 

Communities Using Portable Health Clinic System. 

IEICE Trans. Commun. 2014; 97-B(3):540-5. 

[3]  Nohara Y, Kai Y, Ghosh PP, Islam RM, Ahmed 

A, Kuroda M, Inoue S, Hiramatsu T, Kimura M, Shimizu 

S, Kobayashi K, Baba Y, Kashima H, Tsuda 

K, Sugiyama M, Blondel M, Ueda N, Kitsuregawa 

M, Nakashima N. Health Checkup and Telemedical In-

tervention Program for Preventive Medicine in Develop-

ing Countries: Verification Study. J Med Internet 

Res. 2015 Jan 28; 17(1):e2. DOI: 10.2196/jmir.3705. 

[4]  Mistry SK, Jhohura FT, Khanam F, Akter F, Khan S, Md 

Yunus F, Hossain MD, Afsana K, Haque MR, Rahman 

M. An outline of anemia among adolescent girls in Bang-

ladesh: findings from a cross-sectional study. BMC He-

matol. 2017; 17:13. 

[5]  Matias SL, Mridha MK, Young RT, Hussain 

S, Dewey SG. Daily Maternal Lipid-Based Nutrient 

Supplementation With 20 Mg Iron, Compared With Iron 

and Folic Acid With 60 Mg Iron, Resulted in Lower Iron 

Status in Late Pregnancy but Not at 6 Months Postpartum 

in Either the Mothers or Their Infants in Bangladesh. The 

Journal of Nutrition. 2018; 148:1615-24. 

[6]  Falkingham M, Abdelhamid A, Curtis P, Fairweather-

Tait S, Dye L, Hooper L. The effects of oral iron sup-

plementation on cognition in older children and adults: a 

systematic review and meta-analysis. Nutr J. 2010; 9:4. 

DOI: 10.1186/1475-2891-9-4.  

[7]  Nishikitani M, Nohara Y, Ghosh P, Islam RM, Ahmed A, 

Nakashima N. Improvement of Hemoglobin with Repeat-

ed Health Checks Among Women in Bangladesh. Stud 

Health Technol Inform, 2015; 216:975. 

[8]  Araki S. Chapter 4.10. Occupational renal and urinary 

disorders. In. Occupational Medicine (Shokugyo Igaku). 

Saiensu Sha. Tokyo. 1987; p185-193. (Japanese) 

[9]  Obara N, Suzuki N, Kim K, Nagasawa T, Imagawa S, 
Yamamoto M. Repression via the GATA box is essential 

for tissue-specific erythropoietin gene expression. Blood 

2008; 111: 5223-32. 

[10]  Suzuki T, Oh I, Ohmine K, Meguro A, Mori M, Fujiwara 

S, Yamamoto C, Nagai T, Ozawa K. Distribution of se-

rum erythropoietin levels in Japanese patients with myel-

odysplastic syndromes. Int J Hematol 2015; 101:32-6. 

[11]  Yamamoto H. Anemia and abnormal iron metabolism in 

chronic kidney disease. The Journal of the Japanese So-

ciety of Internal Medicine. 2015; 104(5):960-6. (Japa-

nese) 

[12]  Tsutsui J, and Fuwa M. Concept and practice of multi-

level model. Sociological Theory and Methods. 2008; 

23(2):139-49. (Japanese) 

[13]  Steven GA, Finucane MM, De-Regil LM, Paciorek 

CJ, Flaxman SR, Branca F, Peña-Rosas, JP, Bhutta 

ZA, Ezzati M, on behalf of Nutrition Impact Model 

Study Group (Anaemia). Global, regional, and nation-

al trends in hemoglobin concentration and prevalence 

of total and severe anemia 1995-2011. Lancet Global 

Health. 2013; 1:16-25. 

[14]  Anonymous. Chapter 1 Diagnosis of nephrogenic ane-

mia. The Journal of Japanese Society for Dialysis Ther-

apy. 2016; 49(2):109-13. (Japanese) 

Address for correspondence 

Dr. Mariko Nishikitani 

Medical Information Center, Kyushu University Hospital 

CollaboII-705, 3-1-1 Maidashi, Higashi-ku  

Fukuoka 812-8582, Japan 

E-mail: nishikitani.mariko.585@m.kyushu-u.ac.jp 

https://www.who.int/nmh/countries/bgd_en.pdf?ua=1

